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INTRODUCTION

Brief Chronology/Timeline of Research on Nitrogen 
Fixation and Inoculation in Soybeans

The earliest entries here concern biological nitrogen fi xation 
by legumes, but do not mention soybeans.

1000 BCE – The ancient Chinese character for soybeans 
and legumes is written on bronze vessels of around that date 
with a horizontal stroke in the middle and three dots below 
that which are widely interpreted to represent nodules on the 
roots (Hu Daojing 1963. May, p. 111-19; Ho Pi-ting 1969. 
Oct., p. 28-30, 35).

50-79 CE – Pliny, the Roman scholar, wrote: “The bean 
ranks fi rst among the legumes. It fertilizes the ground in 
which it has been sown as well as any manure” (George T. 
Moore 1905, p. 12).

1888 May 17 – At a meeting of the Royal Society, J.B. 
Lawes, the founder of Rothamsted Experimental Station, 
and J.H. Gilbert, his colleague of many years, present a 
paper titled “On the present position of the question of the 
sources of nitrogen of vegetation.” They fi rst describe in 
English the landmark work of H. Hellriegel and H. Wilfarth 
which had been reported a few months earlier at a meeting 
in Germany (Eaglesham 1989, p. 29).

1888 Nov. 16 – The fi rst to propose that the organisms 
involved in nitrogen fi xation are bacteria is Martinus W. 
Beyerinck (correctly spelled Beijerinck in Dutch).
 He is also the fi rst to successfully to name or cultivate 
these bacteria. He names them Bacillus Radicicola 
(Botanische Zeitung. Nov. 16, Nov. 23, Nov. 30).

1888 Nov. – Hermann Hellriegel and Hermann Wilfarth, 
German scientists, publish the key, classical paper on the 
acquisition of atmospheric nitrogen by legumes. The authors 
had performed seminal experiments at the agricultural 
station of Bernburg / Saale (later in eastern Germany) which 
proved that leguminous plants can utilize not only combined 
nitrogen in the soils but also atmospheric dinitrogen (N2) 
gas for growth. They showed that these plants cannot utilize 
dinitrogen gas directly, but are strictly dependent for this 
function on soil bacteria, which they harbour in nodules on 
their roots.
 At fi rst the observations of Hellriegel and Wilfarth 
were by no means universally accepted by botanists. Later, 
however, their results were fully substantiated by many 
other researchers, and the explanation of the long unsolved 
problem was made possible. Thus the discovery of the 

fact that the nodules of legumes enabled them to fi x “free 
nitrogen” is usually ascribed to Hellriegel and Wilfarth. 

1889 Oct. 25 – B. Frank in Germany changes the scientifi c 
name of the bacteria that inhabit the root nodules of legumes 
from Bacillus radicicola (Beijerinck, 1888) to Rhizobium 
leguminosarum.
 Here the word “Rhizobium” fi rst appears in connection 
with legume nodules.

1890 March – The earliest document seen concerning 
soybeans and atmospheric nitrogen fi xation in the United 
States is by J.B. McBryde of the South Carolina Experiment 
Station (Bulletin No. 8, p. 79). He states, simply and without 
citation, that the soja bean probably obtains its “nitrogen 
from the air and subsoil...”

1891 Jan. – The word “tubercles” (or “tubercle,” so spelled) 
is fi rst used in English in connection with soybeans to refer to 
(what was later called) the nodules on their roots (Goessmann 
p. 171-72). 

1891 June – Herbert W. Conn, Professor of Biology at 
Wesleyan Univ. in Middletown, Connecticut, writes an 
excellent article titled “The nature of the root tubercles of 
leguminous plants – a review” in the Experiment Station 
Record (USDA, p. 686-93). He summarizes and cites 
important earlier work on the subject, only that of Ward 
being in English. He reviews the research of Woronin (1866), 
Erickson (1874), Brunchorst (1885), Tschirch (1887), Van 
Tieghem and Doulliot (1888), Hellriegel and Wilfarth (1886), 
Beyerinck (1888), Ward (1887), Prazmowski (1890), Frank 
(1888), and Laurent (1891. Soybeans are not mentioned.

1891 – An article by W.O. Atwater and C.D. Woods titled 
“The acquisition of atmospheric nitrogen by plants” appears 
in the Connecticut (Storrs) Agricultural Experiment Station, 
Annual Report for the year 1890 (p. 12-14).
 This is the earliest document seen concerning inoculation 
of the soybean in the United States. It is also the earliest 
English-language document seen that uses the word 
“inoculated” (or any of its cognates) in connection with 
acquisition of atmospheric nitrogen by plants. 

1893 Jan. – The word “bacilli” (or “bacillus”) and the term 
“tubercle bacilli” are fi rst used in English in connection with 
nitrogen fi xation in soybeans (Brooks, p. 152).

1893 March – The word “nodules” and the word “bacteria” 
are fi rst used in English in connection with nitrogen fi xation 
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in soybeans (Sessions 1893). 

1893. – William P. Brooks of the Massachusetts (Hatch) 
Agricultural Experiment Station conducts what is now 
considered a classic experiment. He placed never before 
cropped soil into pots and planted seed from three soybean 
cultivars originally from Japan. In one series of pots he 
added a pinch of dust collected from the fl oor where 
soybeans had been thrashed and the other series of pots were 
his control. The results were striking. In the pots receiving 
a pinch of dust, the plants were greener, more vigorous, and 
the seed yields much larger than the controls. In addition, 
the roots of the plants that received the pinch of dust were 
found to contain nodules. Soil from Brook’s experiment was 
sent to New Jersey and Kansas stations and his results were 
confi rmed (Brooks 1895).

1894 March 29 – In the prestigious British journal Nature, 
H. Marshall Ward writes (in English) a long, detailed, 
and carefully reasoned review and analysis of the various 
experiments concerning nitrogen fi xation by legumes. He 
uses the words “fi x” and “fi xation” (referring to nitrogen) 
throughout (p. 511-14).

1896 Oct. 27 – J. Augustus Voelcker, in the Journal of the 
Royal Society of England, is the fi rst to mention Nitragin. 
He begins with a detailed discussion of the development 
and commercialization (by Feb. 1896) of Nitragin, and the 
research of Messrs. Hellriegel, Wilfarth, and Prof. Nobbe of 
Tharland, Saxony. 

1896 Dec. – Kalman Kerpely, writing in Hungarian in the 
journal Koztelek (Common Ground) is the second earliest 
person known to mention Nitragin.

1897 Jan. – Charles A. Goessman, writing in the 
Massachusetts (Hatch) Agricultural Experiment Station, 
Annual Report for the year 1896, is the fi rst person in 
the United States to mention Nitragin. He also includes a 
translation (from German) of a publication on Nitragin by 
Nobbe and Hiltner.
 Nitragin, a pure culture sold in a bottle which is suffi cient 
for inoculation of 2.5 roods, is manufactured by Farbwerke 
vorm. Meister Lucius & Bruning, Hoechst on Main, 
Germany. A list of various kinds of Nitragin developed for 
19 leguminous crops is given. Soy beans are not included in 
this list.
 This article is also the fi rst that uses the word “micro-
organisms” (regardless of hyphenation) in connection with 
the acquisition of atmospheric nitrogen by plants. 

1897 – David Fairchild writes to Japan and imports several 
pounds of soil from a soybean fi eld (Fairchild 1948, p. 14).

1898 Dec. 6 – Nitragin is registered (by Nobbe and Hiltner) 
as a trademark in the United States.

1898 – M.W. Munson of the Maine Agricultural Experiment 
Station writes “The Acquisition of Atmospheric Nitrogen,” 
the longest and best review of the subject seen to date. 
Published in the Station’s Annual Report (p. 114-40), it 
contains 120 references and is 27 pages long. 
 In it, the words “inoculum” and “inoculation” are fi rst 
used in connection with soybeans. The commercial inoculum 
is Nitragin, made in Germany (Munson, p. 114-40).

1900 June 1 – The scientifi c name Bacillus radicicola is fi rst 
used to describe the organism producing nodules on the roots 
of soybeans (Los Angeles Times, p. I12).

1901 – The term “nitrogen fi xation” and the terms 
“bacteriology” or “bacteriologists” (or any of its congeners 
except “bacteria”) is fi rst used in connection with soybeans 
in English (Conn 1901, p. 136-37).

1903 Aug. 4 – The term to “fi x nitrogen” is fi rst used in 
connection with soybeans. The New York Times reports (p. 
6): “The Secretary of Agriculture will ask Congress next 
Winter for a special appropriation for carrying on the work 
of soil inoculation. This is a new branch of work in the 
department, which has grown out of the discoveries made 
within the last few years in regard to the dependence of 
leguminous plants on bacteria which live on their roots. 
The discovery is described by scientists as one of the most 
important of those made as the results of modern agricultural 
experimentation.”

1903 Oct. 23 – The U.S. Department of Agriculture 
announces that it will provide free and effective nitrogen-
fi xing bacteria to farmers of soybeans and other legumes 
(Eureka Reporter (Utah), p. 6).
 This same article is the fi rst to use the word “tubercules” 
to refer to the nodules on the roots of leguminous plants.

1903 – George T. Moore of USDA’s Bureau of Plant 
Industry writes a long article titled “Bacteria and the nitrogen 
problem” in the Yearbook of the United States Department 
of Agriculture (for the year 1902, p. 333-42). He discusses 
the many failures that farmers have experienced trying to 
inoculate their legumes and says that the government has 
decided to start making legume inoculants and to distribute 
them free to charge to farmers. Photos show the roots of 
soybean plants with and without nodules.
 In this article Moore is also the fi rst to use the term 
“nitrogen fi xing bacteria” in connection with soybeans.

1905 Jan. 23 – “Reports upon the Successful Use of 
Artifi cial Cultures by Practical Farmers,” by George T. 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   7

Copyright © 2018 by Soyinfo Center

Moore, lists the number of soy bean cultures sent free of 
charge by USDA to each of many U.S. states and foreign 
countries (USDA Bureau of Plant Industry 71. 72 p.).

1905 Sept. 18 – The legume inoculant “Nitro Cultures” 
is fi rst mentioned in connection with soybeans; it is made 
by the National Nitro Culture Company of West Chester, 
Pennsylvania (Atlanta Constitution, p. 452).

1907 – The word “Rhizobium” is fi rst used in English to 
refer to the genus to which soybean bacteria belong (Greig-
Smith, p. 264-94). Note that this genus name had been 
coined in 1889 by B. Frank in Germany but was not use in 
connection with soybeans until 1907.

1908 April – The legume inoculant “Farmogerm” is fi rst 
mentioned in connection with soybeans; it is made by Earp-
Thomas Farmogerm Co. in Bloomfi eld, New Jersey (Country 
Gentleman, p. 452).

1910 – The word “bacteroids” is fi rst used in connection with 
the root nodules of plants. Concerning bacteroids: “The fi rst 
successful, artifi cial production of nodules by the aid of pure 
cultures was made by A. Prazmowski. This worker, in view 
of the absence of the sporogenic faculty in these organisms, 
changed the name of Bacillus radicicola, bestowed on them 
by Beyerinck, into Bacterium radicicola” (Lafar. 1910, p. 
266-69).

1911 – Research on nitrogen fi xation in soybeans is fi rst 
reported in Latin America (Reports of the Botanic Station 
and Experiment Plots… Antigua, p. 16-29).

1911 – Research on nitrogen fi xation in soybeans is fi rst 
reported in Oceania (Agricultural Gazette of New South 
Wales, p. 592-94).

1914 April – The legume inoculant “Nitro-Germ” is fi rst 
mentioned in connection with soybeans; it is made by 
Mulford Co. in Philadelphia, Pennsylvania (Northwestern 
Druggist, p. 82).

1915 May 20 – The term “cross inoculation” is fi rst used in 
connection with nitrogen-fi xing bacteria that will nodulate 
more than one group of legumes (W.D.R., p. 1021).

1923 July – Research on nitrogen fi xation in soybeans is 
fi rst reported in Africa (J. of the Department of Agriculture, 
Union of South Africa, p. 14-15).

1924 June – The word “nodulation” is fi rst used in 
connection with nitrogen fi xation in soybeans (Soil Science, 
p. 439-47).

1926 Nov. – The term “cross-inoculation group” and the 
term “cross-inoculation groups” are fi rst used in connection 
with nitrogen-fi xing bacteria that will nodulate more than 
one group of legumes (Fred et al. p. 40-43).

1926 – The scientifi c name Rhizobium japonicum is fi rst 
used to describe the organism producing nodules on the roots 
of soybeans (Buchanan p. 81-90).

1927-1928 – According to the USDA, nitrogen-fi xing 
bacteria specifi cally for soybeans are now available 
(apparently free of charge) from 15 state agricultural stations, 
one each in Georgia, Idaho, Maryland, Massachusetts, 
Michigan, Missouri, New York, North Carolina, Oregon, 
Pennsylvania, South Carolina, Virginia, Washington state, 
Wisconsin, and Wyoming.
 For the for the year 1927/28 alone (according to a letter 
from Prof. Albrecht) the Missouri Agricultural Experiment 
Station (in Columbia) sent out enough bacteria for the 
inoculation of 38,500 bushels of soybean seed. This is 
equivalent to about 75% of the soybean area cultivated in 
that state (Prinz, 1929, p. 2).

1928 – I.L. Baldwin of the University of Wisconsin points 
out that there are various degrees of inoculation, ranging 
from well-inoculated / nodulated to poorly inoculated. The 
latter microorganisms are basically parasites, living at the 
expense of the plant.

1931 – The legume inoculant “Radicin” is fi rst mentioned in 
connection with soybeans; it is made by the Radicin Institute, 
perhaps in Westerrade, Germany (Hospodarsky Ozor, p. 
432).

1932 July – A landmark work by Edwin B. Fred and co-
workers summarizes the published research in biological 
nitrogen fi xation from approximately 1576 through 1930. 
A pioneering effort that brought together years of source 
material from English, German, French, Italian, Dutch and 
the Scandinavian languages, it discusses more than 975 
publications on this subject.
 The word “rhizobia” is also fi rst used in connection with 
soybeans in this work.

1937 Dec. – In Wisconsin Agricultural Experiment Station 
Bulletin No. 439 we read: “Years ago it was thought that 
if legume plants had nodules of any kind on their roots, 
then they were performing satisfactorily their task of soil-
building. This idea has now been exploded by the fi nding 
that a great many nodule forming strains of bacteria are not 
of much help, hence it is important to select good strains for 
inoculation purposes.”

1938 Sept. – The legume inoculant “Legume-Aid” is fi rst 
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mentioned in connection with soybeans; it is made by Agri 
Lab Inc. in Columbus, Ohio (Proceedings of the American 
Soybean Association, p. 69).

1939 Oct. – The word “serological” is fi rst used to describe 
nitrogen fi xing bacteria on soybeans (J. of Bacteriology, p. 
401-10).

1941 Nov. – The legume inoculant “Vaccinograines” is 
fi rst mentioned in connection with soybeans; it is made by 
Société des Produits Labotechniques in Paris, France (Revue 
Internationale du Soja, p. 215).

1964 Sept. – The word “serogroup” and the term “serogroup 
123” are fi rst used to describe nitrogen fi xing bacteria on 
soybeans (Soybean Digest, p. 63-65).

1965 April – The genus name Bradyrhizobium is fi rst used to 
refer to for nitrogen-fi xing bacteria on soybeans (Agronomy 
Journal, p. 179-85).

1971 – The term “biological nitrogen fi xation” is fi rst used in 
connection with soybeans (Sundara Rao, p. 287-91).

1975 – The NifTAL Project is founded by USAID at the 
University of Hawaii’s College of Tropical Agriculture, 
Paia, Maui, Hawaii. NifTAL stands for Nitrogen Fixation 
by Tropical Agricultural Legumes. In 1978 it publishes 
a review of the literature titled The Legume-Rhizobium 
Symbiosis in Tropical Agriculture: a Selective Bibliography 
with Annotations, compiled by John Bose II, with 1181 
references. 

1977 – The words “promiscuous” and “promiscuously” are 
fi rst used to refer to soybean varieties which are nodulated by 
indigenous/native bacteria (Johanna Döbereiner, p. 3-12).
 By breeding such soybean varieties, with attention 
focused on the native soil bacteria, Brazilian farmers would 
be able to move into the huge cerrado area and African 
farmers would be able to develop a new soybean industry. 

1982 Jan. – The scientifi c name Bradyrhizobium japonicum 
is fi rst used for the slow-growing soybean root nodule 
bacterium so widespread in North America. The species had 
previously been named Rhizobium japonicum (International 
J. of Systematic Bacteriology, p. 136-39).

1982 – “The African Association for Biological Nitrogen 
Fixation (AABNF) was founded in 1982 with the support 
of the International Institute of Tropical Agriculture (IITA) 
at Ibadan, Nigeria, as part of the IITA/United Nations 
Development Programme (UNDP) project GLO/77/013 on 
‘Maximising nitrogen fi xation by cowpeas and soybeans 
in farming systems in the humid tropics’. The AABNF is 

a multidisciplinary group, bringing together soil scientists, 
microbiologists, agronomists, climatologists, social 
scientists, breeders, plant physiologists, biotechnologists, 
nutritionists, policymakers and others interested in the 
promotion of biological nitrogen fi xation systems in Africa.”
 The fi rst AABNF meeting was held in July 1984 at 
Nairobi, Kenya.

1984 Oct. – The scientifi c name Rhizobium fredii is fi rst 
used for the fast-growing soybean root nodule bacteria with 
generation times of less than 6 hours (International J. of 
Systematic Bacteriology, p. 484-86).
 Note that this bacterium was fi rst reported by Keyser et 
al. in March 1982.

1990 Nov. – Burias and Planchon of France ask the 
important question: What would happen if, instead of 
breeding for primarily yield, soybean breeders worked to 
increase soybean productivity through selection for nitrogen 
fi xation? (Agronomy Journal, Nov/Dec., p. 1031-34).

1990 – Assessment of the Soil Nutrient Depletion in sub-
Saharan Africa, 1983-2000. Volume I: Main report, by 
Stoorvogel and Smaling is published. It is the earliest known 
study of nutrient balances on smallholder farming systems in 
Africa. Soil fertility in Africa is being rapidly depleted. An 
important part of the solution is nitrogen fi xation by legumes, 
especially cowpeas and soybeans.

1991 – Nitrogen Fixation in Tropical Cropping Systems, 
by Ken E. Giller and Kate J. Wilson is published by CAB 
International (xi, 313 p.). It contains several excellent 
sections on soybeans.
 One notes (p. 130): “In the centre of diversity of 
soyabean and in countries of South-east Asia, where the crop 
has been grown for centuries, soyabean usually nodulates 
without inoculation. Strains of Bradyrhizobium isolated from 
nodules of other legume hosts, such as cowpea, grown in the 
same soils, can also nodulate the local soyabean genotypes 
effectively. When the nodulation of soyabean genotypes from 
North America and from Asia was compared in the fi eld in 
Tanzania, many of the Asian varieties nodulated effectively 
with indigenous strains of Bradyrhizobium whilst nodulation 
of the North American varieties was poor (Chowdhury, 
1977). Asian varieties also nodulated well in the fi eld in 
Nigeria whilst American varieties formed very few nodules 
(Nangju, 1980).” The reasons for this important difference 
are explained.
 Revised and expanded editions of this book are published 
in 2001 and 2011. The new frontier of nitrogen-fi xation 
research is in the tropics.

1991 – In an article titled “Effect of deep placement of 
controlled release nitrogen fertilizer (coated urea) on 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   9

Copyright © 2018 by Soyinfo Center

growth, yield and nitrogen fi xation of soybean plants,” by 
Y. Takahashi et al., Japanese researchers in Niigata start a 
completely new line of research on how to prevent soybean 
plants from reducing nitrogen fi xation when grown in soil 
amply fertilized with nitrogen fertilizer (Soil Science and 
Plant Nutrition 37(2):223-31).
 This new idea contributed to a stable increase in soybean 
yield. But is it practical and economically feasible?

1994 – In this key paper. Japanese researchers continue to 
explore the “Effect of deep placement of coated urea slow 
release nitrogen fertilizer…” (Japanese J. of Soil Science 
and Plant Nutrition 65:41-47).

2000 March – Mpepereki et al. write “Soyabeans and 
sustainable agriculture: ‘promiscuous’ soyabeans in southern 
Africa” – a superb, long article (Field Crops Research p. 
137-49).

2005 – M. Hungria and co-workers of Brazil write a brilliant 
30+ page article titled “Inoculant preparation, production and 
application.” Basic principles must be fundamentally revised 
when soybeans are grown in hot, acidic, tropical soils.

2006 Sept. – Anne Willems writes “The taxonomy of 
rhizobia: An overview,” in Plant and Soil (287(1/2):3-14. 
This extremely interesting article also contains an excellent 
history of biological nitrogen fi xation.

2014 – International Institute of Tropical Agricola (IITA) in 
Ibadan, Nigeria starts to make NoduMax commercial legume 
inoculant suited for Nigerian conditions. (IITA Annual Report 
2014, 25-26).

2018 – Although biological nitrogen fi xation has been 
understood for more than 130 years, scientists today are 
still working to solve many unanswered puzzles. They are 
increasingly working on the level of molecules and genes.

ABOUT THIS BOOK 

This is the most comprehensive book ever published about 
the history of research in nitrogen fi xation in soybeans. It 
has been compiled, one record at a time, over a period of 35 
years, in an attempt to document the history of this ancient 
and interesting subject. It is also one of the most current and 
useful sources of information on this subject.

This is one of more than 100 books compiled by William 
Shurtleff and Akiko Aoyagi, and published by the Soyinfo 
Center. It is based on historical principles, listing all known 
documents and commercial products in chronological order. 
It features detailed information on:

• 50 different document types, both published and 
unpublished.

• 2963 published documents - extensively annotated 
bibliography. Every known publication on the subject in 
every language.

• 122 unpublished archival documents.

• 15 original Soyinfo Center interviews and overviews 
never before published, except perhaps in our books.

• 5 commercial soy products.

Thus, it is a powerful tool for understanding the development 
of this subject from its earliest beginnings to the present.

Each bibliographic record in this book contains (in 
addition to the typical author, date, title, volume and pages 
information) the author’s address, number of references 
cited, original title of all non-English language publications 
together with an English translation of the title, month and 
issue of publication, and the fi rst author’s fi rst name (if 
given). For most books, we state if it is illustrated, whether 
or not it has an index, and the height in centimeters.

All of the graphics (labels, ads, leafl ets, etc) displayed in this  
book are on fi le, organized by subject, chronologically, in the 
Soyinfo Center’s Graphics Collection.

For commercial soy products (CSP), each record includes 
(if possible) the product name, date of introduction, 
manufacturer’s name, address and phone number, and (in 
many cases) ingredients, weight, packaging and price, 
storage requirements, nutritional composition, and a 
description of the label. Sources of additional information on 
each product (such as advertisements, articles, patents, etc.) 
are also given.

A complete subject/geographical index is also included.
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A&M = Agricultural and Mechanical
Agric. = Agricultural or Agriculture
Agric. Exp. Station = Agricultural Experiment Station
ARS = Agricultural Research Service
ASA = American Soybean Association
Assoc. = Association, Associate
Asst. = Assistant
Aug. = August
Ave. = Avenue
Blvd. = Boulevard
bu = bushel(s)
ca. = about (circa)
cc = cubic centimeter(s)
Chap. = Chapter
cm = centimeter(s)
Co. = company
Corp. = Corporation
Dec. = December
Dep. or Dept. = Department
Depts. = Departments
Div. = Division
Dr. = Drive
E. = East
ed. = edition or editor
e.g. = for example
Exp. = Experiment
Feb. = February
fl  oz = fl uid ounce(s)
ft = foot or feet
gm = gram(s)
ha = hectare(s)
i.e. = in other words
Inc. = Incorporated
incl. = including
Illust. = Illustrated or Illustration(s)
Inst. = Institute
J. = Journal
J. of the American Oil Chemists’ Soc. = Journal of the 
American Oil Chemists’ Society
Jan. = January
kg = kilogram(s)
km = kilometer(s)
Lab. = Laboratory
Labs. = Laboratories
lb = pound(s)
Ltd. = Limited
mcg = microgram(s)
mg = milligram(s)
ml = milliliter(s)

ABBREVIATIONS USED IN THIS BOOK

mm = millimeter(s)
N. = North
No. = number or North
Nov. = November
Oct. = October
oz = ounce(s)
p. = page(s)
photo(s) = photograph(s)
P.O. Box = Post Offi ce Box
Prof. = Professor
psi = pounds per square inch
R&D = Research and Development
Rd. = Road
Rev. = Revised
RPM = revolutions per minute
S. = South
SANA = Soyfoods Association of North America
Sept. = September
St. = Street
tonnes = metric tons
trans. = translator(s)
Univ. = University
USB = United Soybean Board
USDA = United States Department of Agriculture
Vol. = volume
V.P. = Vice President
vs. = versus
W. = West
°C = degrees Celsius (Centigrade)
°F = degrees Fahrenheit
> = greater than, more than
< = less than
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1. Read the Introduction and Chronology/Timeline 
located near the beginning of the book; it contains 
highlights and a summary of the book.

2. Search the book. The KEY to using this digital book, 
which is in PDF format, is to SEARCH IT using Adobe 
Acrobat Reader: For those few who do not have it, Google: 
Acrobat Reader - then select the free download for your 
type of computer.

Click on the link to this book and wait for the book 
to load completely and the hourglass by the cursor to 
disappear (4-6 minutes).

Type [Ctrl+F] to “Find.” A white search box will appear 
near the top right of your screen.

Type in your search term, such as Hellriegel or nitrogen 
fi xation.

You will be told how many times this term appears, then 
the fi rst one will be highlighted.

To go to the next occurrence, click the down arrow, etc.

3. Use the indexes, located at the end of the book. Suppose 
you are looking for all records about tofu. These can appear 
in the text under a variety of different names: bean curd, 
tahu, doufu, to-fu, etc. Yet all of these will appear (by record 
number) under the word “Tofu” in the index. See “How to 
Use the Index,” below. Also: 

Chronological Order: The publications and products in this 
book are listed with the earliest fi rst and the most recent last. 
Within each year, references are sorted alphabetically by 
author. If you are interested in only current information, start 
reading at the back, just before the indexes.

A Reference Book: Like an encyclopedia or any other 
reference book, this work is meant to be searched fi rst - to 
fi nd exactly the information you are looking for - and then to 
be read.

How to Use the Index: A subject and country index is 
located at the back of this book. It will help you to go 
directly to the specifi c information that interests you. Browse 
through it briefl y to familiarize yourself with its contents and 
format.
 Each record in the book has been assigned a sequential 
number, starting with 1 for the fi rst/earliest reference. It 
is this number, not the page number, to which the indexes 
refer. A publication will typically be listed in each index in 

HOW TO MAKE THE BEST USE OF THIS DIGITAL BOOK - THREE KEYS

more than one place, and major documents may have 30-40 
subject index entries. Thus a publication about the nutritional 
value of tofu and soymilk in India would be indexed under 
at least four headings in the subject and country index: 
Nutrition, Tofu, Soymilk, and Asia, South: India.
 Note the extensive use of cross references to help you: 
e.g. “Bean curd. See Tofu.”

Countries and States/Provinces: Every record contains 
a country keyword. Most USA and Canadian records also 
contain a state or province keyword, indexed at “U.S. States” 
or “Canadian Provinces and Territories” respectively. All 
countries are indexed under their region or continent. Thus 
for Egypt, look under Africa: Egypt, and not under Egypt. 
For Brazil, see the entry at Latin America, South America: 
Brazil. For India, see Asia, South: India. For Australia see 
Oceania: Australia.

Most Important Documents: Look in the Index under 
“Important Documents -.”

Organizations: Many of the larger, more innovative, or 
pioneering soy-related companies appear in the subject 
index – companies like ADM / Archer Daniels Midland Co., 
AGP, Cargill, DuPont, Kikkoman, Monsanto, Tofutti, etc. 
Worldwide, we index many major soybean crushers, tofu 
makers, soymilk and soymilk equipment manufacturers, 
soyfoods companies with various products, Seventh-day 
Adventist food companies, soy protein makers (including 
pioneers), soy sauce manufacturers, soy ice cream, tempeh, 
soynut, soy fl our companies, etc.
 Other key organizations include Society for 
Acclimatization (from 1855 in France), American Soybean 
Association, National Oilseed/Soybean Processors 
Association, Research & Development Centers (Peoria, 
Cornell), Meals for Millions Foundation, and International 
Soybean Programs (INTSOY, AVRDC, IITA, International 
Inst. of Agriculture, and United Nations). Pioneer soy protein 
companies include Borden, Drackett, Glidden, Griffi th Labs., 
Gunther, Laucks, Protein Technologies International, and 
Rich Products.

Soyfoods: Look under the most common name: Tofu, Miso, 
Soymilk, Soy Ice Cream, Soy Cheese, Soy Yogurt, Soy 
Flour, Green Vegetable Soybeans, or Whole Dry Soybeans. 
But note: Soy Proteins: Isolates, Soy Proteins: Textured 
Products, etc.

Industrial (Non-Food) Uses of Soybeans: Look under 
“Industrial Uses ...” for more than 17 subject headings.
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Pioneers - Individuals: Laszlo Berczeller, Henry Ford, 
Friedrich Haberlandt, Artemy A. Horvath, Englebert 
Kaempfer, Mildred Lager, William J. Morse, etc. Soy-
Related Movements: Soyfoods Movement, Vegetarianism, 
Health and Dietary Reform Movements (esp. 1830-1930s), 
Health Foods Movement (1920s-1960s), Animal Welfare/ 
Rights. These are indexed under the person’s last name or 
movement name. 

Nutrition: All subjects related to soybean nutrition (protein 
quality, minerals, antinutritional factors, etc.) are indexed 
under Nutrition, in one of more than 70 subcategories.

Soybean Production: All subjects related to growing, 
marketing, and trading soybeans are indexed under Soybean 
Production, e.g., Soybean Production: Nitrogen Fixation, 
or Soybean Production: Plant Protection, or Soybean 
Production: Variety Development.

Other Special Index Headings: Browsing through the 
subject index will show you many more interesting subject 
headings, such as Industry and Market Statistics, Information 
(incl. computers, databases, libraries), Standards, 
Bibliographies (works containing more than 50 references), 
and History (soy-related).

Commercial Soy Products (CSP): See “About This Book.” 

SoyaScan Notes: This is a term we have created exclusively 
for use with this database. A SoyaScan Notes Interview 
contains all the important material in short interviews 
conducted and transcribed by William Shurtleff. This 
material has not been published in any other source. Longer 
interviews are designated as such, and listed as unpublished 
manuscripts. A transcript of each can be ordered from 
Soyinfo Center Library. A SoyaScan Notes Summary is a 
summary by William Shurtleff of existing information on 
one subject.

“Note:” When this term is used in a record’s summary, it 
indicates that the information which follows it has been 
added by the producer of this database.

Asterisks at End of Individual References:
 1. An asterisk (*) at the end of a record means that 
Soyinfo Center does not own that document. Lack of an 
asterisk means that Soyinfo Center owns all or part of the 
document.
 2. An asterisk after eng (eng*) means that Soyinfo Center 
has done a partial or complete translation into English of that 
document.
 3. An asterisk in a listing of the number of references 
[23* ref] means that most of these references are not about 

soybeans or soyfoods.
Documents Owned by Soyinfo Center: Lack of an * 
(asterisk) at the end of a reference indicates that the Soyinfo 
Center Library owns all or part of that document. We own 
roughly three fourths of the documents listed. Photocopies of 
hard-to-fi nd documents or those without copyright protection 
can be ordered for a fee. Please contact us for details.

Document Types: The SoyaScan database contains 135+ 
different types of documents, both published (books, 
journal articles, patents, annual reports, theses, catalogs, 
news releases, videos, etc.) and unpublished (interviews, 
unpublished manuscripts, letters, summaries, etc.).

Customized Database Searches: This book was printed 
from SoyaScan, a large computerized database produced 
by the Soyinfo Center. Customized/personalized reports 
are “The Perfect Book,” containing exactly the information 
you need on any subject you can defi ne, and they are now 
just a phone call away. For example: Current statistics on 
tofu and soymilk production and sales in England, France, 
and Germany. Or soybean varietal development and genetic 
research in Third World countries before 1970. Or details on 
all tofu cheesecakes and dressings ever made. You name it, 
we’ve got it. For fast results, call us now!

BIBLIO: The software program used to produce this book 
and the SoyaScan database, and to computerize the Soyinfo 
Center Library is named BIBLIO. Based on Advanced 
Revelation, it was developed by Soyinfo Center, Tony 
Cooper and John Ladd.

History of Soybeans and Soyfoods: Many of our digital 
books have a corresponding chapter in our forthcoming 
scholarly work titled History of Soybeans and Soyfoods 
(4 volumes). Manuscript chapters from that book are now 
available, free of charge, on our website, www.soyinfocenter.
com and many fi nished chapters are available free of charge 
in PDF format on our website and on Google Books.

About the Soyinfo Center: An overview of our 
publications, computerized databases, services, and history is 
given on our website.

Soyinfo Center
P.O. Box 234,
Lafayette, CA 94549 USA
Phone: 925-283-2991 Fax: 925-283-9091 
www.soyinfocenter.com
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1. [The ancient character for soybean (shu) appears on four 
early Zhou (Chou) dynasty bronze vessels]. 1024? BCE. 
China. Undated. [1 ref. Chi]
• Summary: This indicates that the soybean plant was 
already of some importance by about 1000 BCE (H.T. Huang 
2008, p. 45).
 In 1963 the Chinese writer Hu Daojing (T.C. Hu) wrote 
a very important Chinese-language article titled Shishupian 
[“Discourse on the character shu (soybean)”], published in 
the journal Zhonghua Wenshi Luncun (Essays on Chinese 
Literature and History) (Shanghai, China; 3, p. 111-19). 
He reproduced four different representations of the ancient 
character shu (soybean) that appeared in inscriptions on four 
early Zhou (Wade-Giles: Chou) dynasty bronze vessels. As 
far as we know, this key article has never been translated into 
English.
 Each of the four vessels has a date inscribed on it–the 
year of the reign of a particular emperor in the Chinese 
dynastic system. From these dates we can calculate the 
Western-style dates quite accurately based on calendrical 
correspondence. The earliest of the four vessels is dated 
about 1024 BCE (i.e., early 11th century BCE)–which places 
it very near the beginning of the Early Zhou period (1030 
to 722 BCE). The other three are dated about 893 BCE, 863 
BCE, and 817 BCE.
 Hu’s article gives the name of each bronze vessel 
and the name of the Chinese scholar who studied it and 
interpreted the inscription.
 The soybean must have already been a fairly important 
cultivated plant in China at this early date for its to name 
appear on bronze vessels. Moreover, the author believes 
that three dots at the bottom of each character symbolize a 
recognition of the root nodules on the soybean plant, and 
their importance to the plant (Summarized by H.T. Huang 28 
July 2001).
 Note 1. This is the earliest document seen (Dec. 2017) 
concerning soybeans in China, in East Asia, or in the world, 
or the cultivation of soybeans in China, or in East Asia, or 
in the world. This document contains the earliest date seen 
for soybeans in China, or in East Asia, or in the world, or 
the cultivation of soybeans in China, or in East Asia, or in 
the world (1024 BCE). The source of these soybeans was 
probably wild soybeans from China that were gradually 
domesticated over the centuries.
 Note 2. This document contains the earliest date seen 
(Oct. 2018) in connection with nodules on the roots of the 
soybean. Address: China.

2. Xun Qing (=Xun Kuang). 240? BCE. Xunzi [The book 
of Master Xun]. China. Passage on soy reprinted in C.N. Li 
1958 #14, p. 38-39. Undated. [Chi]
• Summary: Wade-Giles reference: Hsün Tzu, by Hsün 
Ch’ing. Eastern Zhou dynasty–Warring States period. Master 
Xun was a philosopher, and this is a very well-known work.
 Chapter 4 mentions soybean leaves (shuhuo). It also 
compares millet and rice to the meat of livestock, but 
soybeans and soybean leaves to bran and fermentation dregs.
 Chapter 9 mentions soybeans (shu) and millet.
 Chapter 10, titled “Enriching the realm,” states: If 
the 10,000 things lose their balance, events change their 
order. Above, the heavens miss their timeliness. Below, 
the earth misses its bounty. In the middle, the people lose 
their harmony. The world is in a state of drought, as if it 
is being burned. The sage Mozi (W.-G. Mo-tzu) may have 
his gown and belt, but he will only be able to eat soybean 
congee (chuoshu, literally “suck soybeans”) and drink water 
(yinshui). What worth is left to life? (Translated by H.T. 
Huang, PhD, Sept. 2001).
 Dr. Huang adds: “Suck soybeans” means consuming 
soybeans that have been cooked with excess water for a long 
time until very soft like congee.
 Huang (2000, p. 294) adds that chuo is unusual among 
Chinese food words. It describes a way of consuming that 
is half way between eating and drinking. The “soybean 
appears to have been the only grain that was prepared in such 
a manner that it could be sipped or sucked.” Huang later 
notes: The term “sucking soybeans” indicates a special and 
unique way of eating soybeans by cooking them in excess 
water for a long time until they are very soft and smooth like 
congee. The actual process for making this congee is never 
clearly described in the Chinese literature–perhaps because 
everybody knew how to make it.
 Note: This is the earliest document seen (May 2014) that 
contains the term chuoshu (“suck soybeans”) or the phrase 
chuoshu yinshui (“suck soybeans and drink water”).
 Chapter 17, titled “A discussion of heaven,” states: 
The king of Chu has a retinue of one thousand chariots, but 
not because he is wise. The gentleman must eat soybean 
congee (chuoshu, literally “suck soybeans”) and drink water 
(yinshui), but not because he is stupid. These are accidents 
of circumstance” (Chap. 17 adapted from Basic Writings of 
Mo Tzu, Hsün Tzu and Han Fei Tzu, translated by Burton 
Watson. Columbia Univ. Press, 1963, p. 83). Watson’s 
translation is poetic, but he mistranslates “must eat soybean 
congee” as “must eat boiled greens.”
 Chapter 19 mentions soybean leaves (shuhuo).

HISTORY OF RESEARCH ON
NITROGEN FIXATION IN SOYBEANS (1887-2018)
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 Dr. Huang adds: In Chapter 10, soybean congee is 
depicted as the ultimate hardship food, the last thing left to 
eat when things are really bad. Remember that the soybean is 
a legume that can be grown on poor land since it supplies its 
own nitrogen. When other crops fail, you may still get a yield 
of soybeans. The two passages above that mention “soybean 
congee” show that soybeans were eaten regularly in China 
by this time as part of the daily existence of ordinary people. 
It is not clear why the four characters meaning “sucking 
soybeans and drinking water” (chuoshu yinshui) are often 
found together in early Chinese texts.
 This work is cited by H.T. Huang (2000, p. 695). It 
appeared in about 240 BCE, during the Warring States 
period. See also: Xunzi: A Translation and Study of the 
Complete Works, by John Knoblock, 3 vols. Stanford 
University Press, 1988-94.
 Wilkinson (2000, p. 469, xxii) adds: See Loewe (p. 178-
88) in: Early Chinese Texts: A Bibliographical Guide, edited 
by Michael Loewe. Early China Special Monograph Series, 
SSEC (Society for the Study of Early China, USA) and 
IEAS (Institute of East Asian Studies, Univ. of California, 
Berkeley) (1993).
 Dubs (1928): The Works of Hsün Tzu, translated by H.H. 
Dubs. Probsthain, London.

3. Malpighi, Marcello. 1675-1679. Marcelli Malpighii... 
Anatome plantarum... [Marcellus Malphigius... Concerning 
the anatomy of plants... 2 vols. in one]. Londini: Impensis 
Johannis Martyn. See part/vol. 2. (Try p. 126). 91 plates. 36 
cm. [Lat]*
• Summary: Moore (1905, p. 13) states that “Malpighi, in 
1687, gives a description of what he calls the gall formations 
of the legumes...” Today, these are known as the root 
nodules.
 Note 1. The author, whose name is listed on the title 
page as Marceli Malpighii, lived 1628-1694. Soy is not 
mentioned.

4. Malpighi, Marcello. 1687. Marcelli Malpighii... Opera 
omnia, seu, Thesaurus locupletissimus botanico-medico-
anatomicus, ... [Marcellus Malphigius... Collected works or 
very rich treasury of botanico-medico-anatomico-... Vol. 2]. 
Lugduni Batavorum (Leiden): Petrum Vander Aa. See p. 126. 
24 cm. [Lat]
• Summary: According to Beyerinck (1888, p. 725) 
and Moore (1905, p. 13), this book contains the earliest 
know description by a European of what he calls the gall 
formations of the legumes, which are today known as the 
root nodules. An illustration (Fig. 2, facing p. 99) shows 
many types of legume sprouts and their roots. Each is labeled 
with a letter of the alphabet but it is hard to understand what 
they are. Malpighi is known as the “Father of microscopical 
anatomy, histology, physiology and embryology.”
 Bieberdorf (1933, p. 5) states: Malphighi [sic] in 1679 

was among the fi rst to study nodules carefully, and to 
speculate as to their cause. From his studies, he concluded 
that nodules in reality were insect galls, but he admitted that 
he had never been able to fi nd either eggs or larvae within 
them.”
 Note 1. The author, whose name is listed on the title 
page as Marceli Malpighii, lived 1628-1694.
 Note 2. This is the earliest document seen (March 2003) 
concerning nodules on the roots of legumes in which soy is 
not mentioned.

5. Woronin, M. (Voronin). 1866. Ueber die bei der 
Schwarzerle (Alnus glutinosa) und der gewoehnlichen 
Gartenlupine (Lupinus mutabilis) auftretenden 
Wurzelanschwellungen [On the root nodules appearing 
on Alnus glutinosa and the regular garden lupin (Lupinus 
mutabilis)]. Memoires de l’Academie Imperiale des 
Sciences de Saint-Petersbourg. Series 7. 10(6):1-13. Plus 2 
unnumbered pages of plates at end. May. Seventh series. [6 
ref. Ger]
• Summary: The fi rst complete work to describe legume 
nodules in detail and to propound the theory that these 
abnormal growths on the roots of legumes were caused by 
foreign organisms, possibly “vibrio-like bodies” (vibrio-
ähnlichen Körper) which he was the fi rst to discover within 
the nodules. In the cells of the root tubercles (Knollige 
Wurzelauswüchse; Wurzelanschwellungen) of the common 
garden-lupin (Garten-Lupine; Lupinus mutabilis Lindl.), he 
found multitudes of minute corpuscules, which he took to 
be bacteria, or vibrios, or organisms of that kind. In effect, 
he drew the key conclusion that soil bacteria produced root 
nodules on legumes. At the end are two plates (one for each 
of the two plants studied) containing 37 illustrations, each 
explained in detail. Soy is not mentioned.
 Also published in Botanische Zeitung (1866) 24:329.
 Munson (1898, p. 115-16) states that Woronin “made 
a careful study of the subject and found in the tubercles 
numerous bodies resembling bacteria. Because of the 
regularity of the organisms which were often branched into T 
or Y shaped bodies, it was impossible to determine whether 
they were true bacteria. They were therefore called by the 
discoverer bacteroids. This contribution marks the beginning 
of serious investigation as to the nature and etiology of the 
tubercles.”
 Conn (1891) says: “In 1866 Woronin found in them 
numerous minute bodies which bore some resemblance 
to bacteria. They were sometimes rod-shaped, but often 
slightly forked into T or Y-shaped bodies. On account of 
this irregularity in shape the discoverer was unable to say 
whether they were true bacteria or not. He therefore called 
them bacteroids, and regarded them as the cause of the 
tubercles.”
 Bieberdorf (1933, p. 5) states: “Woronin is usually 
credited as being the fi rst to suggest that nodules were caused 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   17

© Copyright Soyinfo Center 2018

by microorganisms. This suggestion was soon verifi ed by 
Erickson (13) in 1875 and again by Frank (15) in 1879. 
These early investigators who fi rst saw the organisms within 
the nodules believed them to be fungi.” Address: Germany.

6. Woronin, M. (Voronin). 1866. Ueber die bei der 
Schwarzerle (Alnus glutinosa) und der gewoehnlichen 
Gartenlupine (Lupinus mutabilis) auftretenden 
Wurzelanschwellungen [On the root nodules appearing 
on Alnus glutinosa and the regular garden lupin (Lupinus 
mutabilis)]. Botanische Zeitung 24(42):329-30. Oct. 19. 
[Ger]
• Summary: Reprinted from the May 1866 issue of 
Memoires de l’Academie Imperiale des Sciences de Saint-
Petersbourg 10(6):1-13. Plus 2 unnumbered pages of plates 
at end. May. Seventh series–which see. Soy is not mentioned.

7. Botanische Zeitung. 1874. Litteratur: Studier 
öfver Leguminosernas rotknölar (Studien ueber die 
Wurzelknoellchen der Leguminosen) [Studies on the root 
nodules of legumes (Abstract)]. 32(24):381-84. June 12. [1 
ref. Ger]
• Summary: A German-language summary of a Swedish-
language document, a doctoral dissertation by Jakob 
Erikssen (28 pages, with 41 illustrations and 3 tables; 
published in 1874 in Lund, Sweden). Legumes discussed 
include Lupinus, Arachis hypogaea, Faba vulgaris, etc. Ward 
(1888, p. 540-41) states: “Meanwhile, in 1874, Eriksson 
had published a masterly investigation of the occurrence, 
form, structure, and growth of the swellings on the roots of 
Leguminosae. Their forms differ on the roots of different 
species, but are remarkably constant in the case of any one 
species. Perhaps the most striking fact about them is their 
ubiquity, confi rmed subsequently by Frank (1879). They 
are found on the roots of species of all the genera, and in all 
parts of the world, as the examination of herbaria shows: on 
heights and in valleys, in poor soil and in good land, wet or 
dry, they may almost invariably be met with.
 “Eriksson found that in Faba vulgaris the young 
tubercle-like swellings arise in the cortical layer of the main 
root, or of a lateral rootlet, and without reference to the 
position or age of other parts. Although the development 
of the tubercle resembles that of a rootlet in many respects, 
its origin has no constant relation to the xylem and phloem 
strands–sometimes it begins to develop between the strands, 
or opposite one or other of them. Although the pericambium 
joins in the development subsequently, the origin of the 
swelling is outside the plerome cylinder, and is fi rst evinced 
by active irregular divisions of the innermost cells of the 
periblem.
 “Eriksson observed that the inner cells of the swelling 
contained the vibrio-like bodies described by Woronin: in 
the outer part of the swelling he occasionally noticed Fungus 
hyphae proceeding radially inwards from cell to cell, and 

becoming branched and fi ner as they go inwards. Eriksson 
saw no hyphae in the cells containing the vibrio-like bodies: 
he noticed also that the latter are not always simple rod-like 
bodies, but oftener forked, &c. He left it open whether any 
connection exists between the hyphae and the vibrio-like 
bodies.”

8. Eriksson, Jakob. 1874. Studier öfver leguminosernas 
rotknölar [Studies on the root nodules of legumes]. PhD 
thesis, Lunds universitet, Lund, Sweden. 28 p. + [3] leaves of 
plates (folded). Illust. 26 cm. [40+* ref. Swe]
• Summary: This important doctoral dissertation contains 
41 detailed illustrations on 3 large pages at the end. It 
focuses on Faba vulgaris, but also discusses other legumes, 
including Lupinus, Arachis hypogaea, Lupinus, Medicago 
sativa [alfalfa], Vicia, etc. Soy is not mentioned.
 Conn (1891, p. 686-87) states: Erickson “found that in 
the early stages of the development of the tubercle, it was 
fi lled with long, branching threads resembling the mycelium 
of fungi, and to these hyphae he attributed the formation of 
the tubercles. In later stages of the growth of the tubercles he 
found bacteroids, but was unable to determine whether they 
had any connection with the hyphae or not.” Jakob Eriksson 
lived 1848-1931. Address: Sweden.

9. Schloesing, Th.; Muntz, A. 1877. Sur la nitrifi cation par 
les ferments organisés [Nitrifi cation by organized ferments]. 
Comptes Rendus des Seances de l’Academie des Sciences 
(Paris) 85(22):1018-20. Meeting of Nov. 26. [Fre]
• Summary: C.V. Piper states (Science, 1915. Feb. 5, p. 211-
13): “While the fact had been known long previously that 
ammonia became changed into nitrates in soil, Schlosing 
[Schloesing] and Muntz (1877) fi rst proved that it was due to 
microorganisms, which were fi nally isolated by Winogradsky 
in 1890.”

10. Frank, B. 1879. Ueber die Parasiten in den 
Wurzelanschwellungen der Papilionaceen [On the parasites 
in the root nodules of the Papilionaceen]. Botanische Zeitung 
37:(24)377-388. June 13; 37(25):393-99. June 20. [4 ref. 
Ger]
• Summary: Es ist bekannt, dass in den in Form kleiner 
Knöllchen in mehr oder minder grosser Anzahl an den Seiten 
der Wurzeln der Papilionaceen und der Erlen sitzenden 
Anschwellungen, die schon bei vielen älteren Beobachtern 
erwähnt werden, zuerst Woronin fremde offenbar 
parasitische Organismen entdeckte È(Mém. Acad. imp. des 
sc. de St. Petersbourg. T.X. 1866, Nr.6). Bei Lupinen fand er 
die Zellen...¼
 “It is known that in the form of small nodules, more or 
less numerous, on the sides of the roots of the Papilionaceae 
and the Alder-seated swelling, which is already common in 
many older observers. First, Woronin apparently discovered 
foreign parasitic organisms (Mém. Acad. imp. des sc. de 
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St. Petersbourg, T.X., 1866, no.6). He found the cells in 
lupins...”
 Soy is not mentioned. Address: Prof., Leipzig.

11. Lambin, E. 1883. Appréciation de quelques légumes 
[Appreciation of some vegetables]. Revue Horticole: Journal 
d’Horticulture Pratique (Paris) 55:113-16. March 1. See p. 
115. [Fre]
• Summary: Following a pattern that we have established for 
several years, we publish our appreciation of new vegetables 
which were introduced commercially in the spring of 1882 
by Messrs. Vilmorin, and cultivated in the garden of the 
Horticultural Society of Soissons.
 Note 1. Soissons is a commune in the Aisne department 
in Picardie in northern France, located on the Aisne River, 
about 100 kilometers (62 miles) northeast of Paris. Its earlier 
name was Noviodunum.
 The fairly long section on Soja d’Étampes (the soybean 
of Etampes) (p. 115) states: For several years now, we have 
attempted to cultivate this plant under the most diverse 
circumstances and we must admit that the results–at least as 
a vegetable–left much to be desired.
 Our climate, already cold and humid, was evidently the 
cause of our repeated lack of success.
 However, the seeds do germinate well; the plants even 
grow with great vigor; fertilization of the fl owers takes place 
in the best of conditions; pods are always numerous and 
very full. Unfortunately, maturation of the seeds takes an 
imperfect course; thus, under these circumstances and all 
things being equal, it is natural that, cooked and prepared 
in different styles, they did not yield what we fi rst had 
hoped to gain from this vegetable that, in its country–China, 
is recognized as being excellent and very nutritious. In 
our country, as a vegetable, it is a plant to be forsaken / 
abandoned.
 Note 2. The problem may have been that the plants were 
not well inoculated and therefore lacked nodules on their 
roots. Address: France.

12. Parsons, Adrian A. 1884-1940. Ledger and journal. 
Near Plainfi eld, Indiana. 100 p. with writing Unpublished 
manuscript.
• Summary: Talk with Lee Parsons, grandson of Adrian 
Parsons, of Indiana. 2014. June 18. Adrian started writing in 
this lined ledger book in 1884, the same year he bought his 
farm in Plainfi eld, Indiana. He bought this farm after he left 
Danville, after his term as county recorder had expired. Back 
then it was a Plainfi eld address; today it is in the town of 
Avon, Hendricks County, Indiana. The actual physical ledger 
no longer exists, but Lee has photocopies of all the pages 
on which Adrian wrote. Lee would estimate that the ledger 
contained about 100 pages with writing on them. However 
parts of it were numbered and parts were not. According 
to the index he made, it may have contained as many as 

169 numbered pages. Those which contained ledger entries 
related to soybeans were all for sales during the years 1913-
1914 of inoculated soil for soybeans–about 5 pages in all. It 
is just a list of the names and addresses of people all over the 
USA to whom he sent this soil.
 Note 1. Details of those pages of “Inoculated soil 
orders” are given in this database and book at Feb. 1913.
 Note 2. Lee Parsons now (June 2014) resides at 5846 
Scott Ian Court, Indianapolis, IN 46254-5021. Address: Near 
Plainfi eld, Indiana.

13. Atwater, W.O. 1884. On the assimilation of atmospheric 
nitrogen by plants. Report, British Association for the 
Advancement of Science. p. 685-86. In Transactions of 
Section B.
• Summary: Dwarf peas were cultivated in purifi ed sand to 
which were added nutritive solutions with known quantities 
of purifi ed sand. Soy is not mentioned. Address: Prof.

14. Atwater, W.O. 1885. On the acquisition of atmospheric 
nitrogen by plants. American Chemical Journal 6(6):365-88. 
Feb.
• Summary: “The problem of the ways in which nitrogen 
becomes a part of living organisms, though a fundamental 
one in biological chemistry, cannot yet be regarded as solved. 
It reduces itself, however, to the question of the sources of 
the nitrogen of plants.
 “The prevalent, though not universal, opinion among 
chemists and vegetable physiologists appears to be that the 
free nitrogen of the air is not assimilated by plants, and that 
the proportions of combined nitrogen (ammonia, and nitric 
and nitrous acids) in the atmosphere are so minute that the 
amounts which ordinary plants could absorb during their 
growth must be unimportant. It is hence inferred that plants 
obtain no considerable part of their nitrogen directly from 
the air, through their leaves, and that nearly or quite all must 
come to them in nitrogen compounds from the soil through 
their roots.
 “There are, however, a number of considerations in 
the way of an unreserved acceptance of this view. It is 
very diffi cult to explain how certain plants, the legumes 
especially, obtain their nitrogen, if not from the air. That 
plants may not assimilate considerable quantities of nitrogen 
compounds from the atmosphere is not absolutely proven. 
In the classic experiments of Boussingault and of Lawes, 
Gilbert and Pugh, which are commonly regarded as most 
decisive against the assimilation of the uncombined nitrogen 
of the air, the plants had, in the majority of the instances, 
very inadequate supplies of food, and the arrangements were 
such as may perhaps have excluded the action of electricity, 
which, as recent experiments by Berthelot imply, may effect 
the assimilation of free nitrogen.
 “The following experiments indicate that some plants, at 
any rate, may, when grown under normal conditions, obtain 
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in some way and assimilate large quantities of atmospheric 
nitrogen.
 “The principal question proposed for study was this:
 “May plants, grown under normal conditions, acquire 
any considerable amount of nitrogen, free or combined, from 
the ambient atmosphere?
 “After a series of trials had shown a not inconsiderable 
acquisition of atmospheric nitrogen, a second series was 
planned to verify the results of the fi rst and to include a 
collateral inquiry:
 “How is the acquisition of nitrogen from the atmosphere 
affected by abnormal conditions of growth, and what bearing 
may the results obtained have upon the interpretation of 
those obtained by other experimenters, and upon the general 
question of the assimilation of atmospheric nitrogen by 
plants?
 “Plan of the experiments:
 “In Conclusion: The outcome of these experiments may 
be concisely stated thus:
 “1. The plants, peas, grown in nutritive solutions 
exposed to the air, but protected from rain and dew, 
contained at maturity much more nitrogen than was supplied 
them in nutritive solution and seed. Such were the results of 
a fi rst series of trials, confi rmed, even more strikingly, by a 
second series the succeeding year. For this excess of nitrogen 
there was but one possible source, namely, the atmosphere.
 “2. The conditions of growth were varied by varying 
(1) the concentration of the nutritive solutions, (2) the 
total amount of food, and (3) the amount of nitrogen in 
the nutritive solutions. In each case the gain of nitrogen 
was largest when the conditions of growth were most 
nearly normal, and smaller as either condition was made 
abnormal. Thus the gain was small where the solutions 
were very concentrated, and largest where the concentration 
was such as has generally been found favorable to normal 
assimilation and growth. The amount of nitrogen acquired 
from the atmosphere rose and fell with the amount of food 
at the disposal of the roots, being largest where the plants 
were tolerably well fed, and smallest where the food-supply 
was inadequate. So, likewise, where the supply of nitrogen 
varied, the amount of mineral food remaining the same, the 
plants acquired more or less aerial nitrogen in proportion as 
more or less nitrogen was supplied to them in the nutritive 
solution...”
 Soy is not mentioned. Address: Prof., Chemical Lab., 
Wesleyan Univ. [Middletown, Connecticut].

15. Brunchorst, J. 1885. Ueber die Knoellchen an den 
Leguminosenwurzeln [The nodules on legume roots]. 
Berichte der Deutschen Botanischen Gesellschaft 3:241-57. 
[14 footnotes. Ger]
• Summary: Discusses the following genera or species: 
Desmodium, Lupinus, Phaseolus, Trifolium, and Vicia faba. 
Soy is not mentioned. Address: Plant Physiology Inst., 

Royal Agricultural College, Berlin [Pfl anzenphysiologisches 
Institut der Königl. landwirthschaftlichen Hochschule in 
Berlin].

16. Hellriegel, H. 1886. Welche Stickstoffquellen stehen der 
Pfl anze zu Gebote? [Which nitrogen sources are available 
to plants?]. Versammlung der Gesellschaft Deutscher 
Naturforscher und Aerzte, Tageblatt 59(7):290. Meeting of 
Monday, Sept. 20. [Ger]
• Summary: After a series of suppositions, all of which 
were incorrect, Hellriegel announced that the source of 
nitrogen for legumes was unquestionably the atmosphere. 
Conn (1891, p. 687) states: Hellriegel “found, as the result 
of a long series of experiments, that when pea plants were 
grown in sterilized soils, as a rule no tubercles were formed; 
but when the plants were watered with soil infusions, made 
by allowing water to act upon soil in which peas had been 
grown, the tubercles appeared in abundance. If the soil 
infusion was sterilized by boiling before it was put upon 
the plants no tubercles appeared. These experiments were 
thought to prove that the tubercles were really caused by 
living organisms in the soil infusion, which were killed 
by heat. The tubercles could not, therefore, be regarded as 
normal products of the roots, but were certainly infections 
from the soil.”
 Soy is not mentioned.

17. Tschirch, Alexander. 1887. Beitraege zur Kenntniss 
der Wurzelknoellchen der Leguminosen [Contributions to 
the root nodules of the legumes]. Berichte der Deutschen 
Botanischen Gesellschaft 5:59-98. [85 ref. Ger]
• Summary: Discusses the following genera and species: 
Arachis hypogaea, Genista, Lathyrus pratensis, Lupinus 
luteus, Medicago, Orobus, Phaseolus vulgaris, P. 
multifl orus, Robina, and Vicia faba. Contains 44 illustrations 
(Plate V) with an explanation of each. Address: Prof. of 
Pharmacognosy and Director of the Pharmaceutical Inst., 
Univ. of Bern [Switzerland].

18. Beyerinck, Martinus W. 1888. Die Bakterien der 
Papilionaceen-Knoellchen [The bacteria of legume root 
tubercles]. Botanische Zeitung 46(46):725-35. Nov. 
16; 46(47):741-50. Nov. 23; 46(48):757-71. Nov. 30; 
46(49):781-90. Dec. 7; 46(50)797-804. Dec. 14. [Ger]
• Summary: Beyerinck (pronounced BAI-rink, correctly 
spelled Beijerinck in Dutch; 1851-1931) was the fi rst to 
successfully cultivate the rhizobia bacteria, which he named 
Bacillus Radicicola. On the fi rst page of this series of articles 
the author gives a brief bibliography of the most important 
literature on this subject, starting with Malpighi (Leiden 
1687) and Woronin (1866). This journal is published in 
Leipzig. Soy is not mentioned.
 Conn (1891, p. 687-88) states that Beyerinck was the 
fi rst to understand that bacteria inhabited the nodules. “He 
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extended the study from peas, on which most of the previous 
work had been done, to a large number of leguminous plants 
and found that the formation of tubercles was very general 
in this family. He found further, that there were bacteria 
associated with all tubercles, and although the bacteria 
differed somewhat in the tubercles of different species of 
plants, still there were certain constant characteristics to 
be seen in them all. He therefore regarded the tubercles as 
the result of the action of bacteria and gave to the organism 
producing the tubercles the name of Bacillus radicicola. 
Beyerinck regarded the so-called bacteroids of Woronin as 
degenerate forms of the bacteria–involution forms, which 
appeared only after the bacteria had lost their vigor. In a later 
investigation, after isolating the bacteria and keeping them 
in pure cultures for many months, he was able to produce the 
tubercles at will by inoculating soils in which his plants were 
grown with the pure cultures of the organisms.”
 Willems (2006, p. 3) states: Beijerinck (1888) reported 
isolation of the root-nodule bacteria and established that they 
were responsible for the process of nitrogen fi xation. He 
named these bacteria Bacillus radicicola (Beijerinck, M.W. 
1888 Cultur des Bacillus radicola aus den Knöllchen. Bot. 
Ztg. 46, 740-750).
 Note 1. This is the earliest document seen (Aug. 2018) 
that gives the scientifi c name Bacillus Radicola to the 
bacteria that inhabit the root nodules of legumes.
 Note 2. This is the earliest document seen (Aug. 2018) 
by Beijerinck on the bacteria inhabiting the roots of legumes.

19. Hellriegel, Hermann; Wilfarth, H. 1888. Untersuchungen 
ueber die Stickstoffnahrung der Gramineen und 
Leguminosen [Investigations on the nitrogen nutrition of 
grains and legumes]. Berlin: Buchdruckerei der “Post”, 
Kayssler & Co. Beilageheft zu der Zeitschrift des Vereins 
fuer die Ruebenzucker-Industrie d. D.R. (Berlin). 234 p. 
Nov. Illust. No index. 24 x 18 cm. [Ger]
• Summary: This is the key, classical paper describing the 
discovery that leguminous plants can assimilate the free 
nitrogen in the atmosphere. The authors had performed 
seminal experiments at the agricultural station of Bernburg 
/ Saale (later in eastern Germany) which proved that 
leguminous plants can utilize not only combined nitrogen 
in the soils but also atmospheric dinitrogen gas for growth. 
They showed that these plants cannot utilize dinitrogen gas 
directly, but are strictly dependent for this function on soil 
bacteria, which they harbour in nodules on their roots.
 They found that while most plants, when grown in 
sand free from nitrogen, ceased to fl ourish when the reserve 
nitrogen contained in the plant itself had been absorbed, 
leguminous plants sometimes overcame this “nitrogen 
starvation” and grew well. In cases where growth did occur, 
nodules or swellings were always found on the roots. Thus, 
the growth of plants in soil free from nitrogen always 
occurred after the development of nodules or swellings on 

the roots.
 Note 1. At fi rst the observations of Hellriegel and 
Wilfarth were by no means universally accepted by botanists. 
Later, however, their results were fully substantiated by 
many other researchers, and the explanation of the long 
unsolved problem was made possible. Thus the discovery 
of the fact that the nodules of legumes enabled them to fi x 
“free nitrogen” is usually ascribed to Hellriegel and Wilfarth. 
Yet they were not the fi rst to notice these structures (legume 
nodules) or to attempt to ascribe some function to them.
 Note 2. Although soy is not mentioned, we cite this 
paper because of the profound effect it had shortly on 
soybean research and the understanding of nitrogen fi xation 
in soybeans.
 Note 3. The fi rst set of experiments (1883-1886) studied 
barley, oats, and peas. The next set (1887) added buckwheat, 
serradella, and lupins. Of these, peas, serradella, and lupins 
are legumes; they were found to fi x nitrogen.
 Note 4. Hermann Hellriegel was born on 21 Oct. 1831 
in Mausitz, Saxony. He died on 24 Sept. 1895 (aged 63) 
in Bernburg, Anhalt, Germany. Portrait photo courtesy of 
Wikipedia (Aug. 2018). Address: Germany.
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20. Salfeld, A. 1888. Eine Verwertung der Hellriegellchen 
Versuche mit Leguminosen im landwirtschaftlichen Betriebe 
[A use of Hellriegel’s research on legumes in agricultural 
farms]. Deutsche Landwirthschaftliche Presse 15(99):630-
31. Dec. 12. [3 ref. Ger]
• Summary: Hellriegel grew fi eld peas (Feld-Erbsen / 
Felderbsen), horse beans (Pferdebohnen) mixed with 
capuchin peas (Kapuziner-Erbsen), horse beans mixed with 
Ervum Monanthos, Pisum arvense, and a type of lentils 
(Wicklinse / Wicklinsen). He tested their yields with and 
without inoculated soil, in different types of soil. Soy is not 
mentioned. Address: Lingen [an der Elms, Lower Saxony, 
Germany; 42 miles north northwest of Muenster].

21. Ward, H. Marshall. 1888. On the tubular swellings on the 
roots of Vicia faba. Philosophical Transactions of the Royal 
Society of London. Biological Series 178:539-62. For the 
year 1887. Two plates at end. [30 ref]
• Summary: This is the fi rst demonstration that legume root 
nodules were caused by an external agent. By a series of 
careful experiments, the author established the fact that the 
nodule was due to some fungus-like organism present in 
the soil. This was the fi rst accurate description of root hair 
infection and the development of an infection thread which 
grew into the root cortex to initiate the nodule. Ward showed 
that Vicia faba did not nodulate in sterilized soil but did so 
readily in water culture when inoculated with a dry nodule.
 “It has long been known that the roots of the 
Leguminosae are commonly provided with peculiar tubercle-
like swellings of various sizes... They were observed by 
Malpighi, who seems to have looked on them as of the nature 
of Galls, and Treviranus regarded them as undeveloped 
buds, while A.P. De Candolle considered them as diseased 
structures. One of the most curious facts about them is that, 
although it is very diffi cult to fi nd a specimen of our ordinary 
Leguminosae (Clover, Lucerne, Beans, Peas, Vetches, &c.) 
the roots of which are free from the swellings, no one has 
succeeded in showing that they do any injury to the plant.” 
Soy is not mentioned. Address: M.A., F.L.S., Fellow of 
Christ’s College, Cambridge, and Prof. of Botany in the 
Forestry School, Royal Indian College, Cooper’s Hill.

22. Frank, B. 1889. Ueber die Pilzsymbiose der 
Leguminosen [On the fungal symbiosis of legumes]. 
Berichte der Deutschen Botanischen Gesellschaft 7:332-46. 
Meeting of 25 Oct. 1889. [8 ref. Ger]
• Summary: Willems (2006, p. 3) states: “By the end of 
the 19th century, it was realized that atmospheric nitrogen 
was being assimilated through the root nodules of legume 
plants, In 1888, Beijerinck reported isolation of the root 
nodule bacteria and established that they were responsible 
for the process of nitrogen fi xation. He named these bacteria 
Bacillus radicicola (Beijerinck, 1888). Then in 1889 [p. 338, 

5th line from bottom] Frank changed the name to Rhizobium 
with originally just one species, Rhizobium leguminosarum.
 Note: This is the earliest document seen that contains the 
word “Rhizobium” in connection with legume soil bacteria. 
Soy is not mentioned. Address: [Germany].

23. Connecticut (Storrs) Agricultural Experiment Station, 
Bulletin. 1889. Atmospheric nitrogen as plant food. No. 5. p. 
1-13. Oct.
• Summary: Cites the key experiments of Prof. Hellriegel in 
Germany showing “that there is a connection between the 
nitrogen acquired and the tubercles which are found on the 
roots of leguminous plants.”
 Summary: “1. Peas, alfalfa, serradella, lupine, clover in 
all probability, and apparently leguminous plants in general, 
are able to acquire large quantities of nitrogen from the air 
during their periods of growth.
 “2. There is scarcely room to doubt that the free nitrogen 
of the air is thus acquired by plants.”

24. Hellriegel, Hermann; Wilfarth, H. 1889. Erfolgt die 
Assimilation des freien Stickstoffs durch die Leguminosen 
unter Mitwirkung niederer Organismen? Mittheilung einiger 
neurer Culturversuche [Does the assimilation of free nitrogen 
in legumes succeed through the participation of lower 
organisms? Announcement of some new culture trials]. 
Berichte der Deutschen Botanischen Gesellschaft 7:138-43. 
[1 ref. Ger]
• Summary: Various legumes are discussed including 
Lupins (Lupinus luteus), peas (Pisum sativum), and Vicia 
sativa. Hemp (Cannabis sativa) is also discussed. Soy is not 
mentioned. Address: Ducal Agric. Exp. Station, Bernburg 
(Herzogliche Landes-Versuchsstation Bernburg).

25. Yersin, -. 1889. Sur le role des microbes dans la 
végétation: Review critique Hellriegel et Wilfarth [On the 
role of microbes in plants: Review of Hellriegel & Wilfarth]. 
Annales de l’Institut Pasteur (Paris) 3:82-94. [1 ref. Fre]
• Summary: This is a long French-language review of: 
Hellriegel, Hermann; Wilfarth, H. 1888. Untersuchungen 
ueber die Stickstoffnahrung der Gramineen und 
Leguminosen [Investigations on the nitrogen nutrition of 
grains and legumes]. Berlin: Buchdruckerei der “Post”, 
Kayssler & Co. Beilageheft zu der Zeitschrift des Vereins 
fuer die Ruebenzucker-Industrie d. D.R. (Berlin). 234 p. Nov.

26. G. [Greshoff, M.?]. 1890. De Soja-boon en hare 
beteekenis als voedingsmiddel voor Nederlandsch-Indie [The 
soybean and its signifi cance as a food for the Netherlands 
Indies]. Tijdschrift voor Land- en Tuinbouw en Boschkultuur 
in Nederlandsch Oost-Indie 5(10):347-56. Jan. 1. [5 ref. Dut]
• Summary: In the Netherlands Indies, the soybean (De 
soja), which is called katjang kadeleh and katjang djepoen, 
plays a very important role in the production of the sauce 
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known as ketjap. However real soy sauce (soja) is of 
much greater importance to the Japanese and Chinese. The 
Chinese have carried their tradition of soy sauce usage and 
consumption abroad. The natives of Java use unripe beans, 
whereas the Chinese use well-ripened beans.
 Chemical analyses over recent years have proven the 
superior nutritional value of the soya bean. No other legume 
has given such a favorable analysis. This shows how the 
experience makes the right choice ages before theory had 
its say about such things. It is as if every reputable chemical 
food analyst has to issue their own personal analysis of the 
soya bean in order not to embarrass themselves. According 
to the Japanese Yossyda [Yoshida?], there are 100 varieties 
of soya in cultivation in his homeland. Geerts describes 16 
different kinds in his monograph. Analyses are given of 
several soybean varieties. The fi rst, by Geerts and Dewars 
(Dutch) analyzed 7 varieties: yellow soybeans from Japan 
(Wase-mamé) and China, black soybeans from Japan 
(Kuro-mamé) and China, green soybeans from Japan (Ao-
mame), Nakaté from Japan, a yellow soybean cultivated in 
south Russia. One analysis is given by Meissl and Böcker 
(German), and one by Church (British). Then seven analyses 
by Church are given of other common legumes from India. 
Then follows Church’s analyses of rice, Indian wheat, 
corn / maize (Djagoeng [jagung]), and common sorghum 
(Sorghum vulgare; Djagoeng tjeutriek)–followed by a short 
explanation.
 Experience has shown that in colder climates, the starch 
content of soybeans rises, while the content of other nutrients 
drops. This is why major areas of soybean cultivation (as 
promoted for 15 years by Haberlandt) have been limited to 
central Europe.
 The soybean is said to contain an enzymatic substance 
which rapidly converts starch to sugar, and to which the 
high value of soy sauce is attributed. But tests have yet to 
prove this. Then follows an essay on the caloric value of soy 
compared to other foods, and how to calculate this correctly. 
Church’s methods of determining the nutrient value of foods 
are described as too limited.
 Among vegetable foods, the soybean is very digestible. 
According to the latest research by Ladd, comparing the 
digestibility of various proteins (eiwitstoffen), soybean is 
75% versus 64% for fl our and 54% for grains. Because soya 
is very low in starch, it is a perfect food for diabetics. At a 
recent congress for doctors in Paris, soy bread was promoted 
and given much attention. Prof. Stokvis told the congress 
how a baker named Koehler bakes soy bread and soy cookies 
of high quality.
 The soybean is also appropriate, because of its 
nutritional composition, as a food for children and the sick. 
It is up to an enterprising person to bring it onto the market. 
Also, soy sauce would be a good commercial product if 
manufactured in Europe. But the most important point is 
that soya is an excellent food and, as such, is not given the 

recognition it deserves in the Netherlands Indies. It is an 
inexpensive vegetable meat. It deserves to be cultivated, 
because it can serve as a good, low-cost source of protein 
for a large number of people. It is appropriate for use 
in institutions, orphanages, and the army and navy, and 
deserves experimentation on a large scale. The indigenous 
people of the Netherlands Indies are used to eating the bean 
unripe, and not very well cooked–and they are persistent in 
serving it like this, which has led to the rejection of soy in 
many important circles.

Glycine soja is a very good secondary crop, next to 
rice. There is no need to emphasize this, since the Inspector 
of the Civil Medical Service has brought to the attention 
of the Netherlands Indies government and its offi cials, in 
a very professionally written piece, the advantages of soya 
cultivation.
 “I can’t give you any indications about the basis on 
which the soybean (“katjang kadeleh”) will best thrive. 
There are so many questions concerning the growth and 
function of the so-called root nodules (wortelknolletjes) of 
the Papilionaceae and the microorganisms that live therein. 
It has been determined that these plants, which include the 
soybean (de soja) are capable of creating free nitrogen and 
assimilating it.”
 Note 1. This is the earliest document seen (Oct. 2018) 
concerning soybean root nodules and nitrogen fi xation in the 
Western world. It is also the fi rst to state that soybean root 
nodules create free nitrogen and assimilate it.
 The author closes with the wish that the import of soya 
will prove to be a blessing for Java. [Note 2. This could 
mean either importation of soybeans from China, or more 
widespread introduction of soybean culture to Java, or import 
from Java to the Netherlands.] For about a year he has been 
trying to bring soy to the attention of the Netherlands, an 
attempt he wants to repeat again under the favorable auspices 
of a small offi cial publication circulated to those who are 
interested.
 Note 3. Paerels 1913 (p. 288) and Kempski 1923 (p. 79) 
both cite F.A. von Stuerler as the author of this article, but at 
the end of the article, the author’s name is written simply as 
“G.” On the same line is written: “B. Nov. 1889.”
 Note 4. This is the earliest Dutch-language document 
seen (Feb. 2001) that has the word “Soja” (or “Soja-boon” or 
“Sojaboon”) in the title.
 Note 5. This is the earliest Dutch-language document 
seen (Jan. 2016) that uses the word eiwitstoffen (or eiwitstoff) 
to refer to proteins in connection with soybeans.

27. McBryde, J.B. 1890. Chemical statistics of corn crop 
of South Carolina. Maize fodder ensilage. Cow peas as a 
forage crop. Composition of soja bean vines. South Carolina 
(Clemson) Agricultural Experiment Station, Bulletin No. 8. 
p. 53-79. March. New Series 2.
• Summary: The section titled “Cow peas as a forage crop” 
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states (p. 68-69): “This crop seems especially adapted to 
meet the wants of our Southern farmers. Its extensive and 
deep root system enables it to withstand the long dry spells 
common to our climate, and also to gather nourishment 
from soils on which shallow growing crops would starve. It 
responds readily to fertilizers, and on fair soils will produce 
as large a yield of nutritive matter as almost any forage crop 
we can grow. It makes such a rapid growth that two crops 
can be grown in a season. The growth is so luxuriant that all 
noxious weeds are choked out. The most serious objections 
urged against this crop are its great bulk and the diffi culty of 
curing it.”
 A table gives three analyses of the composition of “cow 
pea vine hay.”
 This section continues (p. 75-76): “Of this [nitrogen] 
the cow pea vine contains 205 pounds [per acre], valued at 
$32.42. If this were all removed from the soil, a very few 
crops would soon ruin the richest land. But it is known that 
the cow pea will fl ourish on soils which are defi cient in 
nitrogen; this fact has led to the belief that this crop obtains 
at least part of its nitrogen from atmospheric sources. We 
take the following from Bulletin No. 5, Storr’s School 
Experiment Station, Mansfi eld, Connecticut:
 “1. Peas, alfalfa, serradella, lupine, clover, in all 
probability, and apparently leguminous plants in general, 
are able to acquire large quantities of nitrogen from the air 
during their periods of growth.
 “’2. There is scarcely room to doubt that the free 
nitrogen of the air is thus acquired by plants.”
 Table XXIII (p. 77) gives the composition of cow peas 
and soja beans. These soja beans were grown by W.H. Perry 
of Greenville, South Carolina. On a dry matter basis, cow 
peas contain 25.96% protein compared with 39.17% for soja 
beans. “In placing it [the cow pea] beside the soja bean we 
have unintentionally shown it to a disadvantage, as the latter 
is almost without a rival as a feed stuff–approaching nearly 
to cotton seed meal in per cent. of crude protein and in per 
cent. of crude fat far exceeding it.” Note 1. The cotton seed 
meal mentioned here appears to be simply ground cotton 
seeds, which have not been defatted.
 In the section titled “Composition of soja bean vines,” 
table XXV (p. 78) gives the composition of soja bean vines 
and straw grown on the Columbia farm. The vines were 
cut in full bloom on 5 Aug. 1889. The straw, from the crop 
of 1888, consists of hulls and vines after the peas had been 
threshed. The vines contain 16.88% protein compared with 
4.25% for the “straw.”
 Table XXVI (p. 79) gives the “Fertilizing constituents 
of soja bean vines and straw.” The following values are 
given for each in both per cent. and pounds per ton: Moisture 
at 100ºC, nitrogen, phosphoric acid, potash, soda, lime, 
magnesia, sulphuric acid, and insoluble matter. The soja bean 
probably obtains its “nitrogen from the air and subsoil...”
 Note 2. This is the earliest agricultural experiment 

station publication seen (May 1999) that contains the word 
“Soy” or “Soja” in the title.
 Note 3. This is the earliest English-language document 
seen (Oct. 1999) that mentions lime as a fertilizing 
constituent of soja bean plants (the vines).
 Note 4. This is the earliest document seen (Oct. 2018) 
concerning soybeans and atmospheric nitrogen fi xation in the 
United States.
 Note 5. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “nitrogen” in connection 
with soybeans obtaining nitrogen from the air.
 Note 6. This is the earliest English-language document 
seen (July 2016) that contains the term “cotton seed meal” 
(written just like this). Address: A.B., C.E., 1st Asst. 
Chemist, Columbia, South Carolina.

28. Atwater, W.O.; Woods, C.D. 1890. On the acquisition of 
atmospheric nitrogen by plants. American Chemical Journal 
12(8):526-47. Nov.
• Summary: This article begins: “Until within a few years 
it has been the prevalent, though not universal, opinion of 
chemists and vegetable physiologists that the free nitrogen 
of the air is not assimilated by plants, and that, as the 
proportions of combined nitrogen in the atmosphere are 
so minute that the amounts which ordinary plants could 
absorb during their growth must be unimportant, nearly all 
of the nitrogen of plants is furnished to them by the soil, 
either from previously accumulated stores or from fertilising 
materials applied to it. In 1881 the writer instituted a series 
of experiments, which were repeated in 1882, and brought 
positive evidence of the acquisition of large quantities of 
nitrogen from the air by peas during their period of growth. 
The investigation was unavoidably interrupted until 1885, 
when four other series revealed large losses of nitrogen 
during germination and early growth. In the account of these 
later investigations it was urged that this loss of nitrogen 
was probably caused by microbes; that it helped to explain 
why previous experimenters had failed to fi nd proof of the 
acquisition of atmospheric nitrogen by plants, especially 
legumes, but that the negative results obtained by the latter 
were also due to the exclusion of the action of electricity or 
microbes, by which the assimilation of atmospheric nitrogen 
might be aided.”
 Soy is not mentioned.
 Note: “Reprinted, with some alterations, from the 
Report of the Storrs (Conn.) Agricultural Experiment Station 
for 1889. A brief account of the experimental results was 
published in Bulletin No. 5 of that Station, October 1889.” 
Address: Chemical Lab., Wesleyan Univ. [Middletown, 
Connecticut].

29. Menudier, A. 1890. Le soja et le pain des diabétiques 
[Soya and bread for diabetics]. Journal de l’Agriculture (de 
la Ferme...) 25:1137-41. July/Dec. [Fre]
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• Summary: “The soybean, or oil pea of China (pois 
oléagineux de Chine), has great value from two points 
of view: human health and animal nutrition. I have been 
cultivating the plant for the last two years with a success 
that is most encouraging, and I hope this success will 
encourage a few of my colleagues to follow my example.” 
The soybean does well in various types of soil. In the climate 
of Charentes, it dries out in August. This makes it necessary 
to plant the seeds in early April or, even better, in the second 
half of March. “This year I harvested 1,800 kg/ha of dry 
seeds. This could be increased with the aid of phosphate 
fertilizers.
 “The soybean is avidly consumed by animals, in either 
the green or dry state. But the soybean is invaluable in the 
diets of people affl icted with diabetes mellitus (diabète 
sucré).”
 The soybean is presently sold for 2 francs per kg by 
grain merchants. Even if the price were one-half to one-third 
of that, it would still be a valuable crop for farmers.
 A table based on an analysis by the chemist, Mr. 
Joulie, shows the nutritional composition of 1,000 kg of: 
(1) Soybean stems and leaves. (2) Dry seeds. (3) The entire 
plant. A second table gives the corresponding fi gures, based 
on the yield of one hectare.
 These show that the soybean is rich in calcium (chaux), 
potassium (potasse), and also a great deal of nitrogen, which 
microorganisms residing in the root nodules, borrow from 
the air–according to recent discoveries.
 Last November Mr. Joulie kindly agreed to analyze the 
soybeans grown by the writer. A table shows the nutritional 
composition of soy fl our, on an “as-is” (12.8% moisture) and 
on a dry weight basis. The two fl ours contain: Protein: 29.35 
/ 34.04%. Oils and fats: 18.8 / 21.8%. Sugars: 5.36 / 6.22%, 
etc.
 “Desiring to utilize, as a cure for diabetes mellitus, the 
soybean’s richness in protein and fats, and its low content 
of starch, which is the enemy of diabetics, I had the seeds 
fi nely ground in a coffee mill, then, with the aid of a sieve, I 
obtained a fl our which I made into bread, using 300 gm soy 
fl our (Farine de Soja), 3 eggs (150 gm), and 150 gm butter 
(best quality). After these are mixed well, the necessary salt 
and water are added.
 “After kneading, let the dough rest for 12-15 minutes. 
Then roll it out on a baking sheet; fl atten it more or less 
depending on whether you want more or less crust. Then put 
it in the oven.
 “This bread is a veritable cake, minus the sugar. It is 
very appetizing. You cannot compare it in any way to the 
gluten bread which causes constipation, or to the disgusting 
soya bread made in Paris, or to the bread made of gluten 
and soya, which is inedible. The nutritional richness of this 
bread, compared to two types of wheat bread, is shown in the 
following table” (p. 1139).
 These analyses show that the soya bread is twice as rich 

in protein, contains only one-fi fth as much starch, and more 
than ten times as much fat as wheat bread. According to 
Mr. Julie, it also enable one to establish a ration that is less 
voluminous and nevertheless well balanced.
 The next two tables compare soya bread with meat.
 “The soya bread made in Paris becomes covered with 
mold at the end of 3 or 4 days, whereas the one that I 
prepared keeps well up to 20 days provided you take care to 
turn it over several times. If you reheat it before serving, it 
will be as good as the day it was made. This keeping quality 
is important for diabetics who need to travel. Or, they can 
take a small bag of soya fl our with them and make their own 
soya bread–since eggs and butter are available everywhere.
 “Having employed soya bread with complete success, I 
have thought it would be useful to not delay promotion of its 
production.
 “I have in my family two persons, of good constitution, 
who at the same time, began to suffer from diabetes mellitus. 
One of them, age 50, despite my advice, continued to 
eat wheat bread, rice, haricot beans, potatoes, etc., and 
is no longer living. The other person, age 76, completely 
renounced wheat bread and starchy foods for soya bread, 
meats, fi sh etc., and is today in good health.”
 “All the manufacturers selling gluten and soya bread 
keep their method of making the bread a secret, and keep 
their prices very high. Therefore, soya bread in Paris sells for 
about 4 francs per kilogram–a price absolutely out of reach 
for poor diabetics.
 “If the cultivation of soya spreads, it should be possible 
to lower this price to 50 centimes (½ franc) per kilogram. 
Made in the manner that I have indicated, this would be 
an immense service to diabetics.” Address: President of 
the general syndicate of agricultural shows of Charente-
Inferieure.

30. Lawes, John B. 1890. The food of our agricultural crops. 
J. of the Royal Agricultural Society of England 51:69-86. [2 
ref]
• Summary: Page 69: “If a person were asked what events 
had produced the greatest infl uence upon agriculture in Great 
Britain during the last half-century, he would, undoubtedly, 
say the establishment of the Royal Agricultural Society of 
England, and the publication of Baron Liebig’s work upon 
agricultural chemistry. It is somewhat remarkable that these 
two events took place almost contemporaneously, the Royal 
Agricultural Society having been founded in 1838, and 
Baron Liebig’s work published in 1840.”
 Page 74: “In Germany, in 1883, Hellriegel commenced 
some experiments with various plants in pots: he used 
washed sand with mineral manures, adding to some, but not 
to all, combined nitrogen, generally as a nitrate, and found 
that, with most of the plants, the increase of growth was in 
proportion to the amount of nitric acid supplied, but that the 
leguminous plants did not derive the same benefi t from the 
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nitrogenous manures as did the others. He then applied to his 
plants an extract from a fertile soil, and found that some of 
the leguminous plants, but not all of them, grew luxuriantly 
under this treatment: lupins, for instance, would not grow 
with the soil-extract. He then took an extract from a soil 
where they were growing luxuriantly, and obtained good 
growth. Again, if he sterilised the soil-extract so as to destroy 
the organisms in it, it ceased to be benefi cial. Hellriegel 
found that the plants contained much larger quantities of 
nitrogen than there were in the soil-extract, while the amount 
in the plants was much too great to be attributed to errors 
of analysis. These experiments were so interesting and 
important that we considered it desirable to carry out some of 
a similar character, and this we have been doing for the last 
two years, confi rming in every respect the results obtained by 
Hellriegel.
 “appears probable that although the leguminous plants 
do not directly utilise the free nitrogen of the atmosphere, 
they do in some way obtain nitrogen from it through the 
medium of lower organisms, the development of which is, 
somehow, connected with the growth of the leguminous 
plants.” Address: Rothamsted, England.

31. Atwater, W.O.; Woods, C.D. 1890. The acquisition 
of atmospheric nitrogen by plants. Connecticut (Storrs) 
Agricultural Experiment Station, Annual Report 2:11-51. For 
the year ending June 30, 1889.
• Summary:  “Until lately it has been the prevalent though 
not universal opinion of chemists and vegetable physiologists 
that the free nitrogen of the air is not assimilated by 
plants and that, as the proportions of combined nitrogen 
in the atmosphere are so minute that the amounts which 
ordinary plants could absorb during their growth must be 
unimportant...”
 “In 1881, the present Director of this Station instituted 
a series of experiments, which were repeated in 1882, and 
brought positive evidence of the acquisition of large amounts 
of nitrogen from the air by peas during their period of 
growth. The investigation was unavoidably interrupted until 
1885, when four other series revealed large losses of nitrogen 
during germination and early growth.”
 Today researchers believe that many legumes, and 
perhaps leguminous plants in general, are able to acquire 
large quantities of nitrogen from the air during their period of 
growth. Root tubercles are necessary for this acquisition of 
nitrogen. Soy is not mentioned.
 Note 1. Mansfi eld is a town in Tolland County, 
Connecticut. Storrs, a community in Mannsfi eld, is presently 
(Oct. 2016) home to the main campus of the University of 
Connecticut.
 Note 2. Wilbur Olin Atwater (May 3, 1844, Johnsburg, 
New York–September 22, 1907, Middletown, Connecticut) 
was an American chemist, best known for his studies of 
human nutrition and metabolism.

 Note 3. The word “tubercles” and the term “root 
tubercles” are mentioned many times in this publication 
starting on page 11: “The experiments herein described are a 
continuation of the previous ones in this place. The methods 
are also similar, save that the introduction of soil infusions 
and observations on root tubercles were suggested by the 
experience of Hellriegel.”
 “(3) What effect has the addition of soil infusions upon 
the formation of root tubercles under the conditions of the 
experiments?
 “(4) Is there a defi nite relation between the quantity or 
number of root tubercles and the quantity of atmospheric 
nitrogen obtained by the plant?” Address: 1. Director of the 
Station; 2. Chemist.

32. Prazmowski, Adam. 1890. Die Wurzelknoellchen 
der Erbse. I. Die Aetiologie und Entwicklungsgeschichte 
der Knoellchen [The root tubercles of the pea. I. The 
etiology and developmental history of the tubercles]. 
Landwirtschaftlichen Versuchs-Stationen 37:161-238. [23 
ref. Ger]
• Summary: Conn (1891, p. 688-89) gives an excellent 
summary: Prazmowski “published a detailed account of an 
extended series of researches which he had been carrying on 
for several years. He confi rmed all of Hellriegel’s results, 
showing conclusively that if suffi cient precautions were 
taken to sterilize the soil in which leguminous plants were 
grown, no tubercles were ever produced; but that they could 
be produced at will by the addition of soil infusion as above 
described. He further showed that the tubercles grow in 
plants developing both in the light and in the dark, but are 
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larger in plants growing in the light; that they only appear 
in healthy plants; that they are very few in plants growing 
in well-washed sand; that if plants growing in sterilized soil 
be watered with brook or river water, tubercles occasionally 
develop, but never in abundance; and that the infection of the 
roots occurs early in the germination of the plant and can not 
take place in the older roots. All of these results indicated, of 
course, that the tubercles were produced by certain micro-
organisms which are present in abundance in soils in which 
leguminous plants have grown, but are not very abundant 
elsewhere.
 “Turning to the study of the microscopic appearance, 
he found the hyphæ abundant in the young tubercles, and 
the bacteroids in the older ones, as previous observers had 
done. Guided by the work of Beyerinck he found bacteria 
in abundance, and by causing them to grow under the 
microscope thought he could verify the connection between 
the bacteria and the bacteroids which had been described 
by Beyerinck. Prazmowski then isolated the bacterium and 
made a careful study of its characteristics. He prefers to call 
it Bacterium (instead of Bacillus) radicicola, since it always 
appears as a short rod and never in the form of a slender 
thread. He found several varieties of the organism associated 
with different species of leguminous plants. In all of his 
artifi cial cultures the organism remained a typical bacterium, 
never assuming the bacteroid forms which appear in the 
tubercles. From this he concluded that the degeneration or 
involution forms appear only under the infl uence of the root 
cells of the host plant.”
 Prazmowski called the organism Bacterium radicicola. 
Soy is not mentioned. Address: Czernichow bei Krakau 
(Krakow), Poland.

33. Goessmann, Charles A. 1891. On fi eld experiments. 
Massachusetts State Agricultural Experiment Station, Annual 
Report of the Board of Control 8:135-226. For the year 1890. 
Jan. See p. 141, 159-160, 169-72, 185, 199.
• Summary: A table on p. 141 shows the composition of 
19 fodder crops raised upon the Station grounds–including 
Soja bean (Soja hispida). It has a nutritive ratio of 1:2.5 to 
1:5.5. Its fodder constituents and its fertilizing constituents 
in pounds per 1,000 pounds of dry matter are given. Its 
manurial value per ton of dry matter is $10.39, the 6th 
highest.
 Section VII is titled “Field experiments with prominent 
fodder crops...” (p. 159-68). It states (p. 171-72): “Soja Bean 
(Soja hispida).–Two varieties, white and black, were planted 
May 23; they came above ground June 2. The white variety 
began to bloom August 9, and the black variety but one day 
later... Both stood the drought well. The roots had apparently 
no tubercles. The white variety matured sooner than the 
black one. The soja bean promises to be a valuable addition 
to the leguminous fodder crops in New England. Two acres 
have been planted with soja beans during the past season, 

on the grounds of the station. The growth of one acre has 
served, in its semi-matured state, as green fodder during the 
autumn... for milch cows; and that of the other has been put 
in a silo as an admixture to corn ensilage (see statements on 
silos).
 Note: This is the earliest English-language document 
seen (Oct. 2018) that uses the word “tubercles” (or 
“tubercle,” so spelled) in connection with soybeans.
 Page 185 gives an analysis of the soja bean plant and of 
its dry matter.
 Page 199 states: “Several acres were sown to vetch 
and oats, soja bean and corn, to furnish green fodder for the 
dairy, and to serve as ensilaged crops for winter feed. One 
silo is fi lled with fodder corn, and another with half soja 
bean and half fodder corn.” A table shows that 10 tons of 
green soja bean have been raised on the station farm for the 
production of fodder.
 Other fodder crops evaluated (p. 170-73): Barley, early 
Southern white corn, horse bean (Vicia faba), common 
vetch (Vicia sativa), white lupine (Lupinus alba), serradella 
(Ornithopus sativus), Bokhara clover (Melilotus alba), and 
sainfoin (Onobrychis sativa–Esparsette). Address: Ph.D., 
LL.D., Director of the Station and Chemist, Amherst, 
Massachusetts.

34. Menudier, A. 1891. Les Sojas et le pain des diabétiques 
[Soybeans and bread for diabetics]. Bulletin de la Societe 
d’Acclimatation 38:546-51. April. [Fre]
• Summary: The author is a physician. “The soybean (Le 
Soja) or oil peas of China, having great worth from the 
dual point of view of human health and the nourishment 
of animals, has been cultivated on my property for 2 years 
with such success that I hope it will convince some of my 
colleagues to follow my example... The yield this year was 
1,800 kg/ha. That could be increased by the use of phosphate 
fertilizer. The soybean is eaten avidly by animals in either 
its green or dry forms. But what renders it invaluable 
is the successful use that can be made of its seed in the 
nourishment of people suffering from diabetes mellitus. If 
the soybean, which is presently sold for 2 French francs per 
kg, stays at only one-half or one-third of this price, it will be 
assured of a rich culture. Note: I warn that reader that I have 
neither soybeans nor soybean bread for sale.”
 Several tables (p. 546-47) give a chemical/nutritional 
analysis, made several years ago by the chemist M. Joulie, 
of the stems and leaves, the seeds, and the entire plant. This 
is then converted to the yield per hectare of each major 
nutrient. It is shown to be rich in potash and nitrogen, which 
it was recently shown that microorganisms on the roots 
extract from the air.
 Last November, M. Joulie, analyzed soy fl our made 
from soybeans grown on the author’s property. Two analysis 
are given: one on an as-is, and one on a moisture free basis. 
Its low starch content, excellent for diabetic diets, is noted. A 
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similar analysis (p. 548) is given for soy bread (pain de soja) 
and wheat bread.
 “The soy bread produced in Paris becomes covered with 
mold at the end of 3-4 days, whereas that which I have had 
made keeps well for 20 days, or more if I am careful to turn 
it from time to time. I have in my family two people who 
have a good constitution but who suffer from simple diabetes 
mellitus. One is age 50 and one age 76.
 All the bakers selling breads made from gluten or soy 
keep their methods secret and their prices very high. Thus 
soy bread is sold in Paris for about 4 francs a kilo, a price 
that is absolutely unbearable for low-income diabetics. If 
soybean culture grows, it should soon be possible to lower 
the price of soy bread to 50 centimes per kg. Made as I have 
indicated, it would render a great service to diabetics. A table 
(p. 551) shows the chemical composition of a Yellow variety 
of soybean seed. Address: President of the general syndicate 
of agricultural shows of the Dep. of Charente-Inferieure.

35. Conn, Herbert William. 1891. The nature of the root 
tubercles of leguminous plants–A review. Experiment Station 
Record (USDA) 2(11):686-93. June. [13* ref]
• Summary: An important early English-language review 
of the literature on nitrogen fi xation by legumes based on 
translations of key publications in foreign languages.
 “For a long time it has been known that when certain 
plants of the family Leguminosae are grown under normal 
conditions there are formed on their roots small swellings 
known as root tubercles. Their origin and signifi cance has 
not been understood, but within the last 3 years it has been 
quite defi nitely shown that they are intimately associated 
with the power possessed by these plants of accumulating 
nitrogen from the atmosphere. The great interest of this fact 
has led to a further study of the tubercles, and through the 
work of Beyerinck, Prazmowski, Frank, Laurent, and others 
we have obtained many facts in regard to them. The object 
of the present paper is to review recent investigations in 
regard to their origin and structure. The discussion of their 
functions, especially in connection with the acquisition of 
atmospheric nitrogen, is reserved for a later issue.
 “Earlier observations.–At fi rst the tubercles were 
supposed to be insect galls. This idea was soon abandoned, 
and they were then regarded as buds of incomplete plants, 
or as rudimentary roots. In 1866 Woronin (Memoires de 
l’Academie Imperiale des Sciences de Saint-Petersbourg. 
Series 7. 10(6):1-13) found in them numerous minute 
bodies which bore some resemblance to bacteria. They were 
sometimes rod-shaped, but often slightly forked into T or 
Y-shaped bodies. On account of this irregularity in shape the 
discoverer was unable to say whether they were true bacteria 
or not. He therefore called them bacteroids, and regarded 
them as the cause of the tubercles. In 1874 Erickson (Studier 
öfver Leguminosernas Rotknölar, Lund) found that in the 
early stages of the development of the tubercle it was fi lled 

with long, branching threads resembling the mycelium of 
fungi, and to these hyphae he attributed the formation of the 
tubercles. In later stages of the growth of the tubercles he 
found bacteroids, but was unable to determine whether they 
had any connection with the hyphae or not.
 “Meantime other experimenters had been led to quite 
different conclusions. Brunchorst (1885), Tschirch (1887), 
and Van Tieghem and Doulliot (1888) concluded that the 
tubercles were normal products of the plants and had no 
connection with any infection from without. The hyphae and 
bacteroids were always found, but were regarded as peculiar 
conditions assumed by the protoplasm of the root cells, 
rather than as distinct organisms.
 “Results of later work.–New and more careful 
experiments within the past 3 years have furnished strong 
indications that the tubercles are not normal products, but are 
produced in the roots as a result of infection from without. 
Hellriegel (1886) found, as the result of a long series of 
experiments, that when pea plants were grown in sterilized 
soils, as a rule no tubercles were formed; but when the 
plants were watered with soil infusions, made by allowing 
water to act upon soil in which peas had been grown, the 
tubercles appeared in abundance. If the soil infusion was 
sterilized by boiling before it was put upon the plants no 
tubercles appeared. These experiments were thought to prove 
that the tubercles were really caused by living organisms in 
the soil infusion, which were killed by heat. The tubercles 
could not, therefore, be regarded as normal products of the 
roots, but were certainly infections from the soil. In a series 
of researches, undertaken with the assistance of Wilfarth 
(1888) these results were thoroughly confi rmed. Hellriegel’s 
researches were, however, undertaken chiefl y to determine 
the relation of the tubercles to the power of assimilating 
nitrogen, and did not, therefore, deal to any extent with the 
nature of the tubercles beyond proving them to be infectious.
 “The observations of Hellriegel were soon confi rmed 
by Ward (1887), who also insisted on the infectious nature 
of the tubercles and more carefully studied their formation. 
He found that the hyphae described by Erickson appear early 
in the development of the tubercles, and after growing for a 
while give rise, by budding, to the bacteroids. The plant thus 
concerned in the formation of the tubercle he regarded as 
one of the low fungi whose parasitic habits had destroyed its 
power of producing spores.
 “In 1888 Beyerinck reached a different conclusion as 
to the nature of this organism. He extended the study from 
peas, on which most of the previous work had been done, 
to a large number of leguminous plants, and found that the 
formation of tubercles was very general in this family. He 
found further, that there were bacteria associated with all 
tubercles, and although the bacteria differed somewhat in 
the tubercles of different species of plants, still there were 
certain constant characteristics to be seen in them all. He 
therefore regarded the tubercles as the result of the action of 
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bacteria and gave to the organism producing the tubercles 
the name of Bacillus radicicola. Beyerinck regarded the 
so-called bacteroids of Woronin as degenerate forms of the 
bacteria–involution forms, which appeared only after the 
bacteria had lost their vigor. In a later investigation, after 
isolating the bacteria and keeping them in pure cultures for 
many mouths, he was able to produce the tubercles at will 
by inoculating soils in which his plants were grown with the 
pure cultures of the organisms.
 “In 1890 Prazmowski published a detailed account of 
an extended series of researches which he had been carrying 
on for several years. He confi rmed all of Hellriegel’s results, 
showing conclusively that if suffi cient precautious were 
taken to sterilize the soil in which leguminous plants were 
grown, no tubercles were ever produced; but that they could 
be produced at will by the addition of soil infusion as above 
described. He further showed that the tubercles grow in 
plants developing both in the light and in the dark, but are 
larger in plants growing in the light; that they only appear 
in healthy plants; that they are very few in plants growing 
in well-washed sand; that if plants growing in sterilized soil 
be watered with brook or river water, tubercles occasionally 
develop, but never in abundance; and that the infection of the 
roots occurs early in the germination of the plant and can not 
take place in the older roots. All of these results indicated, of 
course, that the tubercles were produced by certain micro-
organisms which are present in abundance in soils in which 
leguminous plants have grown, but are not very abundant 
elsewhere.
 “Turning to the study of the microscopic appearance, 
he found the hyphae abundant in the young tubercles, and 
the bacteroids in the older ones, as previous observers had 
done. Guided by the work of Beyerinck he found bacteria 
in abundance, and by causing them to grow under the 
microscope thought he could verify the connection between 
the bacteria and the bacteroids which had been described 
by Beyerinck. Prazmowski then isolated the bacterium and 
made a careful study of its characteristics. He prefers to call 
it Bacterium (instead of Bacillus) radicicola, since it always 
appears as a short rod and never in the fi rm of a slender 
thread. He found several varieties of the organism associated 
with different species of leguminous plants. In all of his 
artifi cial cultures the organism remained a typical bacterium, 
never assuming the bacteroid forms which appear in the 
tubercles. From this he concluded that the degeneration or 
involution forms appear only under the infl uence of the root 
cells of the host plant.” Continued. Address: Prof. of Biology, 
Wesleyan Univ., Middletown, Connecticut.

36. Conn, Herbert William. 1891. The nature of the root 
tubercles of leguminous plants–A review (Continued–
Document part II). Experiment Station Record (USDA) 
2(11):686-93. June. [13* ref]
• Summary: (Continued): “According to the investigations of 

Prazmowski the development and growth of the tubercles are 
as follows: Bacterium radicicola lives normally in the earth 
and collects in numbers on the outside of the roots of various 
legumes. Some of the organisms succeed in forcing their way 
into the tissues of the young roots, though they are not able 
to pierce the older roots. For awhile [sic] they may remain 
in the root as free bacteria, but the plant plasma seems to 
exert an injurious infl uence upon them, for very soon a thin 
membrane is formed around the bacteria masses, inclosing 
[sic] them like a pouch. Prazmowski thinks that this 
membrane is a product of the bacteria themselves, formed for 
the purpose of protecting them from the injurious action of 
the plant tissue. The bacteria which do not succeed in getting 
into one of these pouches soon cease to grow and degenerate 
into irregular forms like the bacteroids which appear later in 
greater numbers. The bulk of the bacteria, however, become 
inclosed in the membrane, after which they continue their 
growth with much vigor. The pouches begin to grow into 
thread-like masses, and these make their way among the cells 
of the root. The thread branches more or less as it lengthens 
and its various fi laments grow through and between the cells, 
soon permeating the root with a fi ne, branching fi lament, 
which looks much like the mycelium of a mold. It was 
this bacteria pouch which was fi rst seen by Erickson, and 
which previous observers regarded as the hypha of some 
low fungus. Instead of being a mycelium growth of a mold 
the thread is nothing more than a large, branching colony of 
bacteria inclosed in a thin membrane.
 “The growth of this colony of bacteria among the cells 
of the root stimulates these cells to an unusual growth. They 
multiply more rapidly than usual, and thus soon produce a 
swelling on the root which is the beginning of the tubercle. 
While this rapid multiplication of root cells is going on, 
the bacteria pouch continues to grow, and swells out into 
rounded vesicles within the cells which lie at the center of 
the forming tubercle until most of them become fi lled with 
these expanded portions of the bacteria thread. Meantime 
the root cells of the plant have been rapidly growing, and 
form around the cells containing the bacteria several layers 
of smaller cells, which develop into a hard, corky covering 
forming a coat around the tubercle. This seems to be 
impervious to the bacteria thread, and confi nes the bacteria 
within its limits.
 “The bacteria colony now undergoes a change. Although 
Prazmowski has not been able to follow the details of the 
process, it is thought that the vesicles in the central cells 
swell until the membrane covering the bacteria is so thin that 
it bursts, and the bacteria are themselves extruded into the 
plasma of the root cells. At all events the vesicles disappear 
and there appears in their place what is called the bacteroid 
tissue. His interpretation of this is that the vesicles burst and 
the bacteria coming into the cell plasma are immediately 
checked in their growth by the injurious infl uence of this 
plasma and begin to undergo involution changes. Instead 
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of multiplying in the normal manner, they assume various 
abnormal forms which have no further power of growth. 
They become, in short, the bacteroids which have been found 
by so many observers, fi lling the central cells of the tubercle. 
The bacteria retain their power of growth only so long as 
they remain in the protecting covering of the membrane.
 “The tubercle by this time is pretty well formed. The 
outer cells have undergone quite an extended growth and 
differentiation, so that the tubercle is really a structure of a 
rather high grade of plant tissue. The tubercle itself is thus 
really a growth of the root cells of the plant and not a growth 
of bacteria. But in the center of this mass of plant tissue are 
a large number of cells, which are completely fi lled with the 
so-called bacteroids. These bacteroids give to the tubercle 
at this stage a fl esh-red color. Some of these central cells 
are so completely fi lled with them that nothing else can be 
seen, while others may show the nucleus. In others spaces 
begin to appear in the body of the cell. The appearance of the 
spaces marks a new stage in the history of the tubercle, and 
indicates that the bacteroids are beginning to be absorbed by 
the plant. The cell plasma soon assumes a network structure, 
and from this time the bacteroids entirely cease their 
activities and begin to disappear rapidly. After a little they 
are completely absorbed by the substance of the plant and 
the tubercles are left as empty pouches. The tubercles have 
now changed their appearance again and assume a somewhat 
grayish green color.
 “This practically ends the history of the tubercle. In 
most cases some of the bacteria seem to remain within 
their original membrane, and therefore are still capable of 
growing. These may now set up a secondary growth, but 
it amounts to little, for by this time the plant has usually 
blossomed, ripened its seeds, and the root is beginning to 
die. The tubercle is immediately attacked by the putrefactive 
bacteria in the soil and becomes decomposed.
 “Frank has also published an extended series of 
observations upon the same subject (1888, 1890). While he 
differs from Prazmowski in some important particulars, his 
later results are, on the whole, a good confi rmation of those 
of the latter writer. He, too, fi nds the tubercles produced as 
infections by some organisms in the soil, and the organism 
to which he attributes them is described by him as a 
micrococcus or short rod, and is very probably the same as 
that studied by Prazmowski. His explanation of the hyphae 
and the bacteroids is different from the one just noticed. The 
hyphae he fi nds fi lled with bacteria, as does Prazmowski, but 
he regards the membrane that surrounds them as a product 
of the root cells rather than of the bacteria. He thinks that 
the root cells produce these peculiar threadlike forms in 
which the bacteria multiply, and that by means of the threads 
the bacteria are conducted into the inner cells of the root 
to produce the infections there. He therefore calls them 
‘infection threads.’
 “The fi rst essential point in which his theory differs 

from that of Prazmowski is, thus, in regarding the fi laments 
as products of the root cells instead of the bacteria. He 
thinks that in some cases the infection occurs without the 
development of the fi laments. After the infection the cells 
of the root are stimulated into growth to form the tubercle, 
as already described, and bacteroids appear in the central 
cells. Frank, however, regards the bacteroids as peculiar 
formations of the plant tissue and not as distinct organisms 
or degenerate bacteria. According to him the presence of 
the bacteria produces abnormal changes in the plasma of 
the root cells, causing it to become separated into numerous 
irregular masses which contain the bacteria inside of them. 
These masses are the bacteroids which fi ll the central cells. 
They are subsequently absorbed by the plant in the manner 
described by Prazmowski. The most recent work on the 
subject is that of Laurent (1891). In a series of experiments 
performed at the Pasteur Institute in Paris he made new 
observations as to the relation of the tubercles to organisms 
in the soil. In his experiments he successfully made use 
of water cultures, and succeeded in obtaining tubercles in 
abundance by direct inoculation. His method of inoculation 
was a new one. He stuck the end of a needle into the tubercle 
of a leguminous plant and then pricked the young root of 
the plant growing in his water culture with the needle. This 
sort of inoculation was in all cases followed by the growth 
of a tubercle at the point of inoculation. The effect was not 
wholly confi ned to this point, however, but was commonly 
somewhat diffuse, a fact easily explained by the diffusion 
of the organism through the water. Laurent found that he 
could produce the tubercles on the root of the pea plant by 
inoculating it from tubercles in any one of thirty-six different 
species of leguminous plants, although not all species 
would produce them in equal numbers. These and further 
observations convinced him that there are a large number 
of varieties of the organisms associated with the different 
leguminous plants, and that these varieties may live side by 
side in the soil. They are not, however, present in soil in great 
abundance unless leguminous plants have been previously 
growing there. Laurent shows that the ordinary soil bacteria 
have no power to produce tubercles” (Continued). Address: 
Prof. of Biology, Wesleyan Univ., Middletown, Connecticut.

37. Conn, Herbert William. 1891. The nature of the root 
tubercles of leguminous plants–A review (Continued–
Document part III). Experiment Station Record (USDA) 
2(11):686-93. June. [13* ref]
• Summary: (Continued):
 “In these results the work of Laurent confi rms that of 
Prazmowski and Frank; but in his study of the organism 
itself Laurent reaches a different conclusion. In his studies of 
pure cultures of the tubercle organism he fi nds that in gelatin 
the organisms spontaneously assume, by a sort of budding, 
the irregular forms which have been called bacteroids. 
The bacteroids are therefore not a degenerate form of the 
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bacteria, resulting from the deleterious action of the plant 
tissue, nor are they aggregations of the root plasma, but 
they are normal forms of the organism. He further asserts 
that the bacteroids found in the tissue of the tubercles arise, 
not by a degeneration, but by a normal process of budding 
from the hyphae. The hyphae themselves he looks upon as 
fi lamentous growths of the organism, and not as pouches 
fi lled with bacteria nor as products of the root cells. Now, 
since bacteria always multiply by division and never by 
budding, it is plain that if these observations of Laurent are 
correct, the organisms in question can not be called bacteria. 
Laurent, therefore, like Ward and other earlier investigators, 
affi rms that the organism is really a low fungus, that the 
hypha is a sort of mycelium of some low fungoid plant, and 
that the bacteroids are buds from it. It seems to be related 
to the yeasts in its method of growth, and Laurent regards 
it as intermediate between the yeasts and the fi lamentous 
fungi. He accepts the name formerly suggested by Frank, 
Rhizobium leguminosarum.
 “Comparison of views.–Summary.–The three views 
thus outlined give in substance our present knowledge of 
the origin and structure of these tubercles. It may seem 
strange that there should be such a difference of opinion on 
mere matters of fact, but the differences are explained by 
the diffi culties of observation. The tubercles grow naturally 
under ground, Laurent alone having had much success 
with water culture. They are opaque, and can therefore 
only be studied by tearing them to pieces or by cutting 
sections of them. The organisms which produce changes are 
microscopic, and it is therefore impossible to watch their 
action on the root cells. The only method of observation is 
by examining a large number of tubercles in different stages 
of growth, and in this way important points are sure to be 
missed. Differences in results of observation as wide as 
above sketched are, therefore, not surprising.
 “Taking all of these observations together we may 
conclude that our present knowledge of the nature of these 
tubercles is somewhat as follows: They are not normal 
products of the plant, but are in all cases produced by 
infection from some organisms which exist in the soil and 
attach themselves to the young root. Their presence in the 
root tissue stimulates the root cells to active growth and a 
mass of new tissue is formed around the growing organisms. 
This tissue forms the tubercle and confi nes the infectious 
action within narrow limits. The tubercle is thus a sort of 
gall. The study of the development of this gall shows three 
somewhat distinct stages. First there appears a branching 
fi lament which grows among the cells of the root and which 
soon stimulates an active growth of the root cells. A little 
later, after the tubercle is formed, the central cells become 
fi lled with the bodies called bacteroids. Lastly the bacteroids 
of the central cells are absorbed by the plant and the tubercle 
becomes empty. These facts are agreed upon by all.
 “In regard to the signifi cance of these facts there are 

three distinct opinions. The fi rst is that of Prazmowski, 
who calls the organism which produces the infection a 
bacterium, and claims that the branching fi laments are 
simply colonies of bacteria inclosed in a membrane of their 
own manufacture, for their protection against the injurious 
action of the plant tissue. The fi laments swell with the 
multiplication of the bacteria until they burst. The bacteria 
then coming into contact with the plant tissue and no longer 
being able to grow, owing to an injurious infl uence of the 
plant plasma upon them, degenerate into the bacteroids. They 
are subsequently absorbed by the plant and incorporated into 
the substance, serving therefore as food.
 “The view held by Frank differs from this essentially in 
its explanation of the fi laments and bacteroids. The fi laments 
are said to be a mixture of plant protoplasm and bacteria. 
They are produced by the plant and serve to conduct the 
infectious matter into the midst of the root. The bacteroids 
are also products of the plant plasma, and not distinct 
organisms. Their absorption does not, therefore, especially 
help the plant.
 “The third view, that of Ward and Laurent, regards the 
infecting organism not as a bacterium, but as a low fungus, 
somewhat closely related to the yeasts. The fi lament is 
really a mycelial growth of the organism, and the bacteroids 
arise from it by budding. The bacteroids are thus distinct 
organisms–not degenerate forms, but normal growths. None 
of these views would regard the tubercle organisms as true 
parasites on the plant since the plant is not injured by them, 
but is probably directly benefi ted. The association is rather 
to be regarded as an instance of symbiosis, an association 
of two organisms together in such a way that each receives 
benefi t from the other. The plant is probably benefi ted in 
gaining nitrogen, and the infecting organism is benefi ted in 
gaining a brood pouch for its development.”
 Note: This is the earliest document seen (Sept. 2018) 
that contains the word “symbiosis” in connection with 
nitrogen fi xation and soybeans. Address: Prof. of Biology, 
Wesleyan Univ., Middletown, Connecticut.

38. F. 1891. The capture of nitrogen. Cultivator & Country 
Gentleman 56(2026):951, cols. 3-4. Nov. 26.
• Summary: “That by proper culture and rotation of crops 
we can capture nitrogen in a soil full of carbonaceous 
matter is doubtless true, but that in the fi rst processes of soil 
improvement it will never pay to apply artifi cial nitrogen 
is far from being the case. In fact, we can more speedily 
get that ‘proper soil,’ by the use of a little nitrogen in some 
combination than otherwise.”
 “When once we can get a good growth of clover or 
other good leguminous crop on the land, we have secured 
the ‘proper soil’ and can then go on, with our phosphatic 
fertilizers, with its improvement without any need for buying 
nitrogen, or any need for hauling charcoal on it, for the 
leguminous crops such as clover, fi eld peas or soja beans will 
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gather it for us.”
 “I fully believe that the time is not far distant when 
intelligent farmers will have their lands in such condition 
that they will abandon the purchase of nitrogen, but will 
capture it by the use of leguminous crops.” Address: Raleigh, 
North Carolina.

39. Atwater, W.O. 1891. Root tubercles and the acquisition 
of nitrogen by legumes. Inoculation experiments in fi eld 
culture. Hellriegel and Willfarth. Experiment Station Record 
(USDA) 3(5):334-36. Dec.
• Summary: “In the account given in the present volume of 
the Experiment Station Record, p. 207, of the meetings of the 
section for agricultural chemistry of the German Association 
for the advancement of science at Halle, in September, 
1891, mention was made of a somewhat informal report by 
Professor Hellriegel, director of the experiment station at 
Bernburg, on the continuation of his investigations upon root 
tubercles and the fi xation of atmospheric nitrogen by plants.
 “It will be remembered that the experiments of 
Professor Hellriegel have been made mostly by the method 
of sand culture, which he has developed by many years 
of experimental inquiry, and that although the acquisition 
of large quantities of atmospheric nitrogen by leguminous 
plants had been demonstrated before Hellriegel’s work 
at Bernburg on this subject was undertaken, yet it was 
through those investigations that the connection between 
root tubercles, bacteria, and the fi xation of nitrogen was fi rst 
found out. Few discoveries in biological and agricultural 
chemistry have brought or promise to bring such an 
important train of results as this. The development of the 
subject by various experiments has been recorded from time 
to time in the Record (vols, I, p. 104; II, p. 686, and III, 
pp. 56, 116). Through the courtesy of Professor Hellriegel 
and of Dr. Wilfarth, who has been associated with him in 
these investigations, the, following resume of their latest 
results, preceded by a brief recapitulation of the earlier work 
at Bernburg, has been furnished by the latter gentleman 
for publication in the Record: Previous investigations had 
shown that while the leguminous plants can avail themselves 
of the free nitrogen of the air, they can do this only when 
certain kinds of bacteria have entered them and caused the 
production of the root tubercles characteristic of the legumes. 
Leguminous plants which are cultivated in sterilized media 
and kept free from bacteria during their growth, so as to 
prevent this symbiosis, and which in consequence have 
no tubercles, do not acquire nitrogen from the air. Thus 
cultivated they behave like the non-leguminous plants, 
which, as experiments have repeatedly shown, can not 
assimilate free nitrogen.
 “During the last few years a series of experiments has 
been going on at Bernburg with legumes which have been 
kept under conditions of sterility. These experiments have 
brought out the fact that the legumes thus kept sterile not 

only failed to fi x nitrogen, as just stated, but also when they 
were well supplied with other food and deprived of nitrogen 
compounds in the medium in which they grew, remained in 
a starved condition, though they grew well when nitrogen 
compounds were supplied. The later experiments have 
shown still further that the sterilized legumes develop exactly 
in proportion to the amount of nitrogen furnished in the 
soil and that if enough nitrogen is thus supplied the plants 
grow luxuriantly and show a perfectly normal development 
of seeds. Of course a very abundant supply of nitrogen is 
necessary. The experiments have shown that it must be 
applied in a form best suited to the plants. It was found that 
ammonium nitrate is the most appropriate form for supplying 
leguminous plants with nitrogen. Other compounds, such 
as calcium nitrate, do not agree so well with them. Lupines 
fed with the latter compound become sickly and their 
development is imperfect.
 “The statements just made refer to plants cultivated in 
pure sand by Hellriegel’s method. By this method healthy 
plants and especially a normal development of seeds, can be 
obtained. This is illustrated by trials with lupine plants in two 
pots of equal size, one containing natural soil with bacteria, 
the other sterilized sand. Two plants were grown in each pot. 
The weights of the plants produced (stems, leaves, and fruit, 
but not the roots) were, (1) in a natural soil with symbiosis, 
41.08 grams of dry substance, of which the seeds were 25.7 
per cent; (2) in sterilized sand with ammonium nitrate, 40.79 
grams of dry substance, of which 20.7 per cent were seeds.
 “A number of experiments were made in pots with 
natural soil. Whenever the soil was not sterilized the 
leguminous plants had tubercles on the roots and a notable 
acquisition of nitrogen was found. When they were kept 
sterile the plants grew only in proportion to the nitrogen 
contained in the soil, but when nitrogenous fertilizing 
material was added to the sterilized cultures, the amount 
of plant growth increased in proportion to the amount of 
nitrogen supplied. The roots had no tubercles and there was 
no evidence of acquisition of atmospheric nitrogen. In this 
way the same principle is found to apply to culture in soil 
containing humus, as in pure sand. The view of Frank, who 
claims especial effects in humus soils, is thus refuted.
 “Besides these pot experiments a series of fi eld trials 
were made with lupine and serradella to study the effects of 
inoculating with bacteria.
 “The experiments at Bernburg bring out the fact (which 
has been confi rmed by other observations, e.g., those of 
Nobbe, described in the present number of the Record, 
page 336) that different leguminous plants do not avail 
themselves of the same kind of bacteria, but rather that a 
given species may require a special form for the symbiosis 
by which the free nitrogen is fi xed. Thus, for instance, the 
root tubercle bacteria of peas do not produce tubercles in 
lupines and serradella, and therefore do not enable them to 
acquire nitrogen from the air. Now these different forms of 
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bacteria are not found in all arable soils. Thus the cultivated 
soils in the vicinity of Bernburg contain an abundance of pea 
bacteria, but none or very few of the lupine bacteria, because 
lupines have never been cultivated in this region. On the 
other hand, in regions where the cultivation of these plants 
has been carried on for many years the soil is full of lupine 
bacteria.
 “In such a region a quantity of surface soil was procured 
from a fi eld where lupines had been raised, carried to 
Bernburg, and used for inoculation in the fi eld trials. For 
these latter a number of narrow strips of the experimental 
fi elds of the station were planted with yellow, blue, and white 
lupines. On some of these strips the lupine soil was applied 
in different quantities and plowed under to different depths, 
while other strips received none of the lupine soil. The 
quantities of inoculating soil used on the different strips were 
10, 25, 50, 100 and 200 Centner per hectare, or from 446 to 
8,925 pounds avoirdupois per acre. Similar experiments were 
made with serradella.
 “The fi eld was in pretty fair condition as to manuring, 
so that even the plants which were not inoculated could 
develop tolerably well by feeding on the nitrogen of the 
soil. Nevertheless the effect of the inoculation was plainly 
manifest on all the strips. At the time of blooming all 
plants which had been treated with lupine soil were easily 
distinguishable to the eye, even at a distance, by their greener 
color and better development. The differences in the plants 
with the different quantities of inoculating soil were likewise 
plainly visible, the effect increasing with the amount applied; 
indeed with the largest quantity the effect was excessive, so 
that in some places the plants lodged. The inoculation was 
equivalent in effect to the addition of nitrogenous manure.
 “In order to compare the plants, and especially the 
roots, pieces 1 square meter in size were dug out of the 
different strips. Here again the effect of the inoculating soil 
was plain. In strips without inoculation there were some 
plants, especially among the yellow lupines, which had root 
tubercles, but the tubercles were generally on the branch 
roots and not very well developed. The inoculated plants, 
however, had large, healthy tubercles on the main roots, and 
the number of tubercles increased with the increase in the 
quantity of soil used for inoculation. Upon the strips which 
had not been inoculated from 99 to 100 per cent of the plants 
of the blue and white lupines were found to be without 
tubercles, while on the inoculated strips from 74 to 100 per 
cent had tubercles, the number varying with the amount of 
inoculating soil. There is no doubt that when the quantitative 
yields of the plants are determined they will show notable 
increase with the inoculation.
 “These experiments of the last few years, taken 
altogether, completely confi rm the propositions set forth 
as the result of the earlier investigations by the station.–
[W.O.A.]”
 Note: This is the earliest English-language document 

seen (Aug. 2018) that uses the term “fi x nitrogen” (or “fi xing 
nitrogen”) in connection with the roots of plants; however 
soy is not mentioned.

40. Nobbe, F.; Schmid, E.; Hiltner, L.; Hotter, E. 1891. 
Experiments in the assimilation of nitrogen by leguminous 
plants Experiment Station Record (USDA) 3(5):336-42. Dec.
• Summary: (Landwirtschaftlichen Versuchs-Stationen, 39, 
pp. 327-359).–The experiments here reported were carried 
out during 1890 at the experiment station at Tharand, 
Saxony.
 “At the time the experiments were planned the 
investigations of Prazmowski had not been made public. 
The plants used were peas, yellow lupine, beans (Phaseolus 
vulgaris), common locust (Robinia pseudacacia), honey 
locust (Gleditschia triacanthos), and laburnum (Cytisus 
Laburnum), the object being (1) to test the fi xation of 
nitrogen by certain papilionaceous trees; (2) to study the 
effects of using for the inoculation of the plants of the 
different genera, (a) extracts of soils in which each of the 
above-mentioned plants have been previously grown, and 
(b) pure cultures of bacteria prepared from soil infusions and 
from root tubercles; and (3) to determine whether the same 
form of bacteria is capable of causing the growth of tubercles 
on leguminous plants of different genera, or whether a 
special form exists for each kind of plant, with which alone 
they are capable of living in symbiosis.
 “The experiments were carried out in glass vessels of 6.5 
liters capacity. Each vessel had three openings in the sides, 
just above the bottom. About a quart of pebbles was placed 
in the bottom of each jar, above this a layer of sterilized 
cotton batting, and then the soil, which was likewise covered 
with a layer of cotton. This artifi cial soil consisted of pure 
sterilized quartz sand, with 5 per cent by weight of peat* 
(previously treated to extract nitrogen). To this was added 
half a per cent of chemically pure calcium carbonate and 
a quantity of a nutritive solution. The materials were all 
sterilized before fi lling in the vessels, and each vessel and its 
contents were afterwards sterilized by heating to 95ºC. on 3 
separate days. Five plants were grown in each vessel.
 “The soil infusions were prepared by thoroughly shaking 
60 grams of soil with 300 grams of water and fi ltering, and 
were used without delay. A bacteriological examination of 
the various infusions showed that those of different origin 
differed not only with regard to the total number of bacteria 
they contained, but also with regard to the proportion of 
colonies of the form designated by Beyerinck (Botanische 
Zeitung, 46 (1888)) as Bacillus radicicola. The averages of 
numerous determinations of the number of bacteria per c.c. 
in the infusions of different soils were as follows:”
 A table shows the fi ve different infusions (Pea soil 
infusion, Lupine soil infusion, Robinia soil infusion, 
Gleditschia soil in fusion, and Laburnum soil infusion), the 
total number of microorganisms, and the number of Bacillus 
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radicicola
 “The lupine soil had been kept for several months before 
the infusions were made, and had become very dry. No 
Bacillus radicicola was found, and the bacteria present were 
all less active than those in the infusions of the other soils.
 Footnote: * “The peat proved unsatisfactory, as it 
decomposed, and in all experiments except the fi rst series 
only half of the above amount was used. In preparing the 
pure cultures of bacteria from tubercles the tubercles were 
fi rst washed with a weak solution of corrosive sublimate to 
destroy any germs on the surface, cut open with a sterilized 
knife, and a small amount of the tissue taken out with a 
platinum wire. At fi rst only young tubercles were used, but 
later full- grown ones were employed with equally good 
results. In the inoculation the soil immediately surrounding 
each plant received 7 c.c. of the decoction.”
 Next comes a long description of the “First series of 
experiments” (p. 338-39) followed by a long description of 
the “Second series of experiments” (p. 339-41), and then by 
“Other experiments” (p. 341-42).
 Note: This is the earliest document seen (Aug. 2018) 
that contains the Latin name Bacillus radicicola.
 Soy is not mentioned.

41. Lawes, John B.; Gilbert, J.H. 1891. The sources of 
the nitrogen of our leguminous crops. J. of the Royal 
Agricultural Society of England 52:657-702. [2 ref]
• Summary: Contents: Introduction. Earlier experiments 
which did not show nitrogen fi xation. Recent experiments 
which do show fi xation of free nitrogen: The vegetation 
experiments in 1888, the vegetation experiments in 1889, 
1890, and 1891. Difference in the external character of 
leguminous root nodules. How is the fi xation of nitrogen 
to be explained? Of what importance to agriculture is the 
newly-recognised source of nitrogen to leguminous crops?
 “Introduction: It happens that the agricultural plants 
belonging to the great family of the Leguminosae are all 
included within the suborder Papilionaceae. But as the 
terms Leguminosae and leguminous are better known in 
agricultural discussions they will be adopted throughout 
this article. It will be seen farther on, however, that the 
limitation which the use of the terms Papilionaceae and 
papilionaceous would imply, may possibly in the course of 
future investigation prove to be more appropriate, especially 
when the subject of the sources of the nitrogen of the plants 
of the different sub-divisions is in question (see p. 687).”
 Page 663-65: Of all the recent results bearing upon 
the subject, those of Hellriegel and Wilfarth with certain 
leguminous plants seem to us to be by far the most defi nite 
and signifi cant; pointing to the conclusion that, although the 
higher chlorophyllous plants may not directly utilise free 
nitrogen, some of them, at any rate, may acquire nitrogen 
brought into combination under the infl uence of lower 
organisms; the development of which is, apparently, in some 

cases a coincident of the growth of the higher plant whose 
nutrition they are to serve.
 “It was in the Agricultural Chemistry Section of the 
Naturforscher Versammlung held in Berlin, in 1886, when 
one of ourselves happened to be presiding, that Professor 
Hellriegel fi rst announced his new results. Quite consistently, 
not only with common experience in agriculture, but also 
with the direct experimental results of ourselves and others, 
Hellriegel found, in his experiments, that plants of the 
gramineous, the chenopodiaceous, the polygonaceous, and 
the cruciferous families depended on combined nitrogen 
supplied within the soil. On the other hand, he found that 
leguminous plants did not depend entirely on such supplies. 
His results were, indeed, not only very defi nite, but it is seen 
that they had a special bearing on the admittedly unsolved 
problem of the source of the whole of the nitrogen of 
leguminous crops.
 “Hellriegel’s experiments and results may be 
briefl y described as follows:–In 1883 he commenced a 
comprehensive series of vegetation experiments in pots, 
in which he grew agricultural plants of various families in 
washed quartz sand. To all the pots nutritive solutions, but 
containing no nitrogen, were added. To one series nothing 
else was supplied; to a second a fi xed quantity of nitrogen 
as sodium-nitrate was added; to a third twice as much; and 
to a fourth, four times as much. The result was that, in the 
case of the Gramineae, and some other plants, the growth 
was largely proportional to the combined nitrogen supplied, 
whilst in that of the Leguminosae it was not so. In the case 
of these plants–that of peas, for example–it was observed 
that, in a series of pots to which no nitrogen was added, 
most of the plants were apparently limited in their growth by 
the amount of nitrogen which the seed supplied. Here and 
there, however, a plant growing under ostensibly the same 
conditions grew very luxuriantly; and, on examination, it was 
found that whilst no nodules were developed on the roots of 
the plants of limited growth, they were abundant on those of 
the luxuriantly grown plants.
 “In view of this result, Hellriegel, with his colleague, 
Dr. Wilfarth, instituted experiments to determine whether, 
by the infection of the soil with appropriate organisms, the 
formation of the root-nodules and luxuriant growth could be 
induced; and whether, by the exclusion of such infection, the 
result could be prevented. To this end, they added to some 
of a series of experimental pots, 25 cubic centimetres, or 
sometimes 50 cubic centimetres, of the turbid watery extract 
of a fertile soil, made by shaking a given quantity of it with 
fi ve times its weight of distilled water, and then allowing 
the solid matter to subside. In some cases, however, the 
extract was sterilised. In those in which it was not sterilised, 
there was almost always luxuriant growth, and abundant 
formation of root-nodules; but with sterilisation there was 
no such result. Consistent results were obtained with peas, 
vetches, and some other Leguminosae; but the application 
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of the same soil-extract had little or no effect, in the case of 
lupins, serradella, and some other plants of the family, which 
are known to grow more naturally on sandy than on loamy 
or rich humus soils. Accordingly, they made a similar extract 
from a diluvial sandy soil, where lupins were growing well, 
in which it might be supposed that the organism peculiar 
to such a soil would be present; and, on the application of 
this to a nitrogen-free soil, lupins grew in it luxuriantly, and 
nodules were abundantly developed on their roots.
 “Further particulars of the experiments of Hellriegel 
and Wilfarth, and also of the results and conclusions of 
Berthelot, Dehérain, Joulie, Dietzell, Frank, Emil von Wolff, 
and Atwater, as well as of some of the later experiments of 
Boussingault which have a bearing on the present aspect of 
the question, will be found in our paper in the Philosophical 
Transactions, Vol. 180 (1889), B. A short account is also 
given of the experiments of Bréal, confi rming the results 
of Hellriegel, in our paper in the “Proceedings of the Royal 
Society,” Vol. 47, 1890.
 “Thus, then, not only did Hellriegel and Wilfarth 
get negative results with plants of other families than the 
Leguminosae, as all experience would lead us to expect, 
but they obtained positive results with the Leguminosae, in 
regard to the source of the whole of the nitrogen of which 
experience showed that there was a ‘missing link.’ Such 
results were obviously of fundamental and of far-reaching 
importance; and it seemed desirable that the subject should 
be further investigated with a view to their confi rmation 
or otherwise. Accordingly, it was decided to take it up at 
Rothamsted, and it was hoped to commence experiments in 
1887, but it was not possible to do so until 1888. In that year, 
a preliminary series was undertaken; the investigation was 
continued in 1889 and 1890, and is, in fact, still in progress. 
It is proposed to give in the following pages some account of 
the conditions and of the results of these recent experiments 
made at Rothamsted, which do show a fi xation of free 
nitrogen. But, before doing so, it will be well to call attention 
to those of the earlier experiments, which did not indicate 
any fi xation; as the well-defi ned difference in the conditions 
under which such different results were obtained will bring 
clearly to view what are the conditions under which fi xation 
does, and what are those under which it does not, take place. 
We shall thus, too, be the better able to form some judgment 
as to the practical bearing of the recent results.” Address: 
Rothamsted, England.

42. Morck, D. 1891. Ueber die Formen der Bakterioiden 
bei den einzelnen Species der Leguminosen [The forms of 
bacterioids in various species of legumes]. Thesis (Inaug.-
Diss.), Leipzig University. See p. 30. [Ger]*
• Summary: Kirchner (1895, p. 213): Morck explicitly 
indicated the lack of root nodules on the plants that he 
investigated. Address: Germany.

43. Atwater, W.O.; Woods, Chas. D. 1891. The acquisition 
of atmospheric nitrogen by plants. Connecticut (Storrs) 
Agricultural Experiment Station, Annual Report 3:12-14. For 
the year 1890.
• Summary: “The Annual Report for the Station for 1889 
contained (pp. 11-51) a detailed account of the experiments 
undertaken up to December of that year upon the acquisition 
of nitrogen from the air by growing plants. With this was a 
summary of results of experiments conducted at Wesleyan 
University in 1881 and 1882, which brought the fi rst positive 
experimental evidence that plants can obtain large quantities 
of nitrogen from the air...”
 During the season of 1890, a number of sand culture 
experiments were performed, among them some on the 
soja bean. “The plants were grown in sea sand, washed and 
burned, so as to free it from all compounds of nitrogen. All 
of the plants were supplied with the necessary amount of 
plant food, with the exception of nitrogen, and to some of 
the plants, nitrogen was supplied in the form of calcium and 
potassium nitrates. Rather more than half of the plants were 
inoculated with infusions prepared by treating soil taken 
from near the roots of growing plants of the same or allied 
species... Few of the plants developed root tubercles, and the 
tubercles that were formed were for the most part few and 
small. Of the inoculated plants, about one-third had no root 
tubercles; most of the other two-thirds had a very few small 
tubercles. A few plants, both inoculated and not inoculated, 
had a fair number of root tubercles, and these were the only 
ones that showed gain in nitrogen of any amount.” These 
experiments “confi rm the observation by Hellriegel of the 
connection between root tubercles and the acquisition of 
nitrogen.”
 Note 1. This is the earliest document seen (Aug. 2018) 
concerning inoculation of the soybean in the United States.
 Note 2. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “inoculated” (or any of 
its cognates) in connection with acquisition of atmospheric 
nitrogen by plants.
 Note 3. This is the earliest English-language document 
seen (Nov. 2016) that uses the word “tubercles” (or 
“tubercle,” so spelled) in connection with soybeans to refer 
to (what was later called) the nodules on their roots.
 A portrait photo shows Wilbur Olin Atwater. Address: 1. 
Director of the Station; 2. Chemist.

44. Laurent, Emile. 1891. Recherches sur les nodosités 
radicales des légumineuses [Research on legume root 
nodules]. Annales de l’Institut Pasteur (Paris) 5(2):105-39. 
[36 ref. Fre]
• Summary: H.W. Conn (1891, p. 691-93) summarizes 
this article: “The most recent work on the subject is that of 
Laurent. In a series of experiments performed at the Pasteur 
Institute in Paris he made new observations as to the relation 
of the tubercles to organisms in the soil. In his experiments 
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he successfully made use of water cultures, and succeeded 
in obtaining tubercles in abundance by direct inoculation. 
His method of inoculation was a new one. He stuck the end 
of a needle into the tubercle of a leguminous plant and then 
pricked the young root of the plant growing in his water 
culture with the needle. This sort of inoculation was in all 
cases followed by the growth of a tubercle at the point of 
inoculation. The effect was not wholly confi ned to this point, 
however, but was commonly somewhat diffuse, a fact easily 
explained by the diffusion of the organism through the water. 
Laurent found that he could produce the tubercles on the root 
of the pea plant by inoculating it from tubercles in any one 
of thirty-six different species of leguminous plants, although 
not all species would produce them in equal numbers. These 
and further observations convinced him that there are a large 
number of varieties of the organisms associated with the 
different leguminous plants, and that these varieties may live 
side by side in the soil. They are not, however, present in 
soil in great abundance unless leguminous plants have been 
previously growing there. Laurent shows that the ordinary 
soil bacteria have no power to produce tubercles.
 “In these results the work of Laurent confi rms that of 
Prazmowski and Frank; but in his study of the organism 
itself Laurent reaches a different conclusion. In his studies of 
pure cultures of the tubercle organism he fi nds that in gelatin 
the organisms spontaneously assume, by a sort of budding, 
the irregular forms which have been called bacteroids. 
The bacteroids are therefore not a degenerate form of the 
bacteria, resulting from the deleterious action of the plant 
tissue, nor are they aggregations of the root plasma, but 
they are normal forms of the organism. He further asserts 
that the bacteroids found in the tissue of the tubercles arise, 
not by a degeneration, but by a normal process of budding 
from the hyphae. The hyphae themselves he looks upon as 
fi lamentous growths of the organism, and not as pouches 
fi lled with bacteria nor as products of the root cells. Now, 
since bacteria always multiply by division and never by 
budding, it is plain that if these observations of Laurent, are 
correct, the organisms in question can not be called bacteria. 
Laurent, therefore, like Ward and other earlier investigators, 
affi rms that the organism is really a low fungus, that the 
hypha is a sort of mycelium of some low fungoid plant, and 
that the bacteroids are buds from it. It seems to be related 
to the yeasts in its method of growth, and Laurent regards 
it as intermediate between the yeasts and the fi lamentous 
fungi. He accepts the name formerly suggested by Frank, 
Rhizobium leguminosarum.”
 With 14 illustrations. References are at the bottom of 
each page. Address: Institut Pasteur.

45. Menudier, Adolphe. 1891. Les Sojas ou pois oléagineux 
de Chine et le pain des diabétiques. Troisième édition 
[Soybeans or oil peas of China and bread for diabetics. 3rd 
ed.]. Saintes, France: Imprimerie A. Gay éditeur. 15 p. [Fre]

• Summary: This booklet is basically the same as the 
article apparently fi rst published in April 1891 in the 
Bulletin de la Societe d’Accimatation. It is the same, 
paragraph for paragraph, up to page 13, although set in 
a much larger typeface (15 pages vs. 5 pages), and there 
are small differences in format (see table p. 6-7), use of 
italics, capitalization, a few changed words, and writing of 
numerals (see p. 11). From page 13 on there are several new 
paragraphs and a new table; the last paragraph of the April 
1891 article is omitted.
 The author is a physician. His expanded credentials / 
resume are given on the title page. “Chevalier de la Légion 
d’honneur.
 “Membre de la Commission Supérieure du Phylloxéra.
 “1er Vice-Président du Comité Central d’Études et de-
Vigilance de la Charente-Inférieure.
 “Membre correspondant de la Société Nationale 
d’Agriculture de France.
 “Président du Syndicat général des Comices Agricoles 
de six arrondissements du département de la Charente-
Inférieure.
 “Président du Comice Syndical Agricole de 
l’arrondissement de Saintes.
 “Médaille d’honneur de 1re classe (ministère de 
l’Intérieur).
 “Lauréat du Premier prix cultural de la première 
catégorie. 2000 fr. et objet d’art de 500fr. au Concours 
régional de la Charente-Inférieure en 1875.
 “Objet d’art décerné par le Ministre au Concours 
régional de la Charente Inférieure en 1883.” Address: 
President of the general syndicate of agricultural shows of 
the Dep. of Charente-Inferieure.

46. Nobbe, F.; Schmid, E.; Hiltner, L.; Hotter, E. 1891. 
Versuche ueber die Stickstoff-Assimilationen der 
Leguminosen [Experiments in the assimilation of nitrogen by 
leguminous plants]. Landwirtschaftlichen Versuchs-Stationen 
39:327-59. With 9 photos of roots of Robina and pea plants. 
[13 ref. Ger]
• Summary: For a complete English-Language summary see 
Experiment Station Record (USDA). 1891. 3(5):336-42. Dec.
 The plants on which the experiments were conducted 
are: Peas, yellow lupins, common beans (Phaseolus), 
Robina pseudacacia, Gleditschia triakanthos, and Cytisus 
Laburnum.
 In this original German-language publication the words 
Bakteroiden and Knöllchen are widely used.
 Soy is not mentioned. Address: Mitteilungen aus der 
pfl anzenphysiologischen Versuchs-Station zu Tharand.

47. Practical Farmer. 1892. Agricultural notes. Hampshire 
Advertiser (Southampton, Hampshire, England). Jan. 23. p. 
3, col. 1. [1 ref]
• Summary: The section titled “Leguminous crops and 
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nitrogen fi xation” states: “I have already referred to the 
new discovery regarding the assimilation of nitrogen by 
leguminous plants, and now it may be advantageous that I 
should give some details of the natural process by which it is 
accomplished, to the great benefi t of the existing crop, and to 
the future fertility of the soil on which it is grown...”
 “A few years back Hellriegel and Wilfarth had reason 
to suggest the connection between the existence of nodules 
containing organisms and the assimilation of nitrogen as the 
result of some experiments. Since 1887 Sir John Lawes and 
Dr. Gilbert have repeatedly experimented to test this theory, 
and they have found, that, if small quantities of soil from 
a plot on which a similar crop has been grown are added 
to sterilized soil, root nodules are formed and nitrogen is 
gained. They now declare in their contribution to the new 
volume of the Royal Agricultural Society’s Journal [Journal 
of the Royal Agricultural Society of England, 1891, p. 
690] that, ‘The fi xation of the free nitrogen in the growth 
of leguminosae under the infl uence of suitable microbe 
infection of the soil, and of the resulting nodule formation in 
the roots, may be considered as fully established.’ This is an 
important declaration...”

48. Speth, G. 1892. Irish potatoes, sweet potatoes, tomatoes, 
forage plants. Georgia Agricultural Experiment Station, 
Bulletin No. 17. p. 163-98. March. See p. 190-91, 196-98.
• Summary: The section on “Forage plants” (p. 190+) begins 
with a long subsection on cow peas, which is considered 
the “most valuable” forage plant in the Southern States. The 
subjection titled “Soja bean” (p. 196-98) begins: “Although 
known in the Southern States for a long time, it has never 
been fully appreciated, but promises in time to become a 
great rival to the cow pea; it produces a great amount of 
forage, which seems to cure easier than the cow peavines and 
proves more productive of peas.
 “It is of as easy culture as our cow peas, yielding a 
forage which is greatly relished by farm stock, and which 
compares favorably with cow pea vines. The beans which 
possess most highly nutritive qualities, being rich in protein 
and fat, which are the most expensive elements in all feeding 
stuffs, resembling in composition, good beef. In its home, 
Japan, where it is extensively cultivated, it takes that place 
which meat takes here.”
 Professor Atwater has stated in an article in the Century: 
“In the most economical feeding of animals it takes a number 
of pounds of hay, corn and other feeding stuff to make a 
pound of beef or pork.” The Bulletin continues: “If a pound 
of vegetable protein costs 2½ cents as we fi nd it to cost in the 
Soja beans, a pound of animal protein must cost considerable 
[sic] more if produced by the aid of protein obtained from 
corn at a cost of double that amount.”
 A long discussion, comparing the effect of soja beans 
and corn on soil fertility, notes that “leguminous plants are 
not dependent on nitrogenous fertilizers; they gather their 

supply from the atmosphere...”
 There follow fi ve related tables: (18) Yield of forage and 
seed of cow peas, soja beans, varieties of corn and peanut 
vines.” For each crop it gives the amount of forage per acre 
(green, and dry), and seed per acre. Soja beans yield 9,730 lb 
per acre of green forage or 2,940 lb per acre of dry forage or 
1,307 lb per acre of seed.
 (19) Composition of cow peas, soja beans and corn. (20) 
Composition of cow pea vines, soja bean vines, corn forage, 
and peanut vines (cured). (21) Yield of crude nutrients of one 
acre of (vines and forage). (22) Yield of crude nutrients of 
one acre of (seeds and grains).
 The article ends: “The results evidence the exceptionally 
high value of the Soja beans as a feeding stuff, far greater 
than that of corn or cow peas, the superiority of the vines for 
forage, which in composition are equal to the cow peas and 
greatly surpass the corn forage.”
 Note 1. This is the earliest English-language document 
seen (Dec. 2017) that contains the term “vegetable protein” 
(or “vegetable-protein” or “vegetable proteins”).
 Note 2. This is the earliest English-language document 
seen (Dec. 2017) that contains the term “animal protein” 
(or “animal-protein” or “animal proteins”). Address: 
Horticulturist, Experiment, Georgia.

49. Brooks, William P. 1892. Division of Agriculture. 
Massachusetts (Hatch) Agricultural Experiment Station, 
Bulletin No. 18. p. 41-104. April.
• Summary: The section titled “Report on trial of 
miscellaneous crops” (p. 97-104) includes many varieties 
imported from Japan: Oats (3 varieties). Millet, Panicum 
crus-galli. Millet, Panicum miliaceum. Hemp. Flax. Wheats. 
Japanese varieties of beans.
 All the beans “belong to two distinct classes, known to 
the Japanese respectively as ‘Adzuki’ or ‘Shodzu,’ the latter 
name meaning ‘small bean’ and ‘Omame’ or ‘Daidzu,’ both 
the latter names meaning ‘large bean.’ The beans of the fi rst 
class are a distinct species, Phaseolus radiatus and are used 
by the Japanese almost entirely in confections. They are 
characterized by a remarkably thin skin, and are generally 
boiled, put through a sieve, and variously sweetened and 
colored although also prepared in other ways. An enormous 
quantity of these confections is eaten by persons of all ages 
and classes.
 “The beans belonging to this class have been sometimes 
incorrectly designated Soja beans by American writers.” 
It grows fairly well but is “much poorer in albuminoids 
[proteins] and fat than the soja bean.”
 A table compares the nutritional composition of a red 
adzuki bean raised in Massachusetts in 1890 with a kidney 
bean (Phaseolus vulgaris).
 “Whether the beans of this class [adzuki] will prove 
valuable here may be doubtful. They are certainly unusually 
attractive in appearance; but it is not likely that the Japanese 
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bean confections, which nearly all foreigners in Japan regard 
as decidedly fl at and insipid, will ever come into favor here.”
 “The beans of the second class (‘Daidzu’), belong to 
a distinct genus and by some authorities are named Soja 
hispida, whence the common designation soja (sometimes 
soya) bean; by other authorities, the species is named 
Glycine hispida which name, probably, has the claim of 
priority. The name ‘soja’ or ‘soya’ has undoubtedly been 
taken from the name ‘soy’ given to a sauce (used extensively 
as a condiment), in the manufacture of which this bean is 
largely used. The name given to the Japanese variety of this 
sauce is ‘shoyu.’ This bean is also extensively used in many 
ways in Japan as human food, and is also largely employed 
as food for horses and cattle.
 “It has been said that this bean is the richest known 
vegetable substance. ‘In point of nutriment the soy bean is of 
all vegetables nearest to meat,’ says Rein [1886]. A sample 
of beans grown here in 1890 has been submitted to analysis, 
with results shown below:”
 A table titled “Soya Bean. Glycine hispida. shows: Dry 
matter: 11.53%. Crude protein: 34.49%. Crude fat 16.45%. 
Nitrogen free extract 26.29%. Crude fi bre: 4.40%. Ash: 
6.55%.
 Several of the varieties which I have had under 
cultivation, having been taken from northern Japan 
(Sapporo), ripen seed here with as great certainty as the 
kinds of corn under cultivation. It is believed that some of 
these varieties will prove valuable grain crops. The yield, it 
is true, cannot be expected to equal that of corn; but the grain 
is far richer, and because of the high percentage of protein it 
contains it is fi tted to take the place of bran, cotton-seed meal 
and linseed meal for which our dairymen yearly pay out so 
much money.
 “It should further be remembered that if the results 
of modern investigations on this point are not misleading, 
this plant must be able to take most of its nitrogen from the 
air which must vitally affect the question of its economy 
as a farm crop. Most of our crops are nitrogen consumers. 
This, being a nitrogen gatherer, should enable the farmer 
to dispense in large measure with purchased nitrogenous 
fertilizers.”
 Details of cultivation of red and white adzuki beans are 
given. The red yielded at the rate of 27.3 bushels per acre 
and the white yielded at the rate of 21.7 bushels per acre. 
“We have invariably found the red varieties superior to the 
white in productive capacity, and in beauty of appearance. 
The seed of these varieties was kindly sent us by Prof. 
Georgeson of the Kansas Experiment Station, as our original 
stock had been destroyed by fi re. The seed was planted May 
14th, the crop pulled Oct. 3rd. and threshed Oct. 23d.”
 Six varieties of soya beans were also tested (p. 103-04): 
Eda [sic, Eda Mame] (8.37 bu/acre), Kuiske [Kiyusuke] 
(14.26), Medium Early White (23.25). Medium Black (22.8), 
Medium White (19.5), Medium Green (30.2). The fi rst two 

were sent by Prof. Georgeson, the last four imported from 
Sapporo, Hokkaido [Japan], by Brooks. The yields in bushels 
per acre are given after each variety name in parentheses. 
Medium Early White had previously yielded as high as 35 
bushels per acre. “I believe that crops of about 30 bushels 
per acre of this variety [Medium Early White] may be safely 
anticipated.”
 Note 1. This is the earliest English-language document 
seen (Aug. 2013) that mentions the soybean varieties 
Medium Black, Medium Early White, or Medium White.
 Concerning the variety Eda [sic, Eda Mame] (p. 103): 
“Seed received from Prof. Georgeson, planted May 14th, 
crop pulled Oct. 3d., and threshed Oct. 23d. The area 
occupied by this variety was 20.3 square rods; the yield was 
1.06 bushels, or at the rate of 8.37 bushels per acre. This is 
one of the poorest varieties we have under cultivation.”
 Note 2. An analysis of “Georgeson” plus “Eda” shows 
clearly that Georgeson et al. named this variety “Eda Mame.” 
Address: Agriculturist.

50. Berthelot, -. 1892. Nouvelles recherches sur la fi xation 
de l’azote atmospherique par les microbes [Recent 
investigations on the fi xation of atmospheric nitrogen by 
microbes]. Comptes Rendus des Seances de l’Academie des 
Sciences (Paris) 115:569-74. Meeting of Oct. 24. [1 ref. Fre]
• Summary: For a long and detailed English-language 
summary of this document, see Experiment Station Record 
IV, p. 502-04. Dec.
 Soy is not mentioned. Address: France.

51. Rural New-Yorker. 1892. Notes from the Rural Grounds: 
Japan beans. 51(2232):721. Nov. 5. Oversize.
• Summary:  “A dozen years ago or thereabouts The Rural 
New-Yorker raised one variety of the Soy or Soja Bean 
from Japan. The report was that our cattle and horses 
preferred green clover to green Soy leaves; that the plants 
were diffi cult to cure, because the leaves became black and 
papery before the tough, succulent stems could be dried. Last 
year Prof. C.C. Georgeson, now of the Kansas Agricultural 
College, but recently from Japan, was kind enough to send 
us three varieties of the Soy Bean and two other Japan 
beans, called respectively, Black and White Podded Adzuki–
Phaseolus radiatus, botanically. All were planted May 3.
 “Prof. Georgeson wrote, at the time of sending the 
beans, that the Japanese boil the Black Podded Adzuki when 
ripe and eat them with rice. ‘Even the raw beans,’ he said, 
‘have a pleasant taste.’
 “The Soy Beans are used both ripe and green, in the 
latter case ‘boiled in the pods when nearly full grown and 
shelled and eaten at the meal.’
 “July 19, we fed the Soy leaves and stems to two horses. 
One seemed to relish them, eating the stems as readily as the 
leaves, with relish. The other did not care for either stems or 
leaves.
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 “July 28, a lot of each kind was cut and partly cured in 
the sun. Both horses seemed to relish all kinds and ate the 
stems which were tough and woody. The stems were still 
green, the leaves somewhat blackened.
 “September 1, both the Soys and Phaseolus were boiled. 
The latter were inferior to most beans; the Soys were hard 
and worthless.
 “Description:
 “No. 1. Phaseolus radiatus–Black Podded Adzuki. 
Yellow fl ower. Resembles cow peas. July 28, plants two feet 
high and bushy. General appearance that of the Soys. Not yet 
in bloom. August 28. Cut this date. Leaves just beginning to 
turn yellow. A few of the beans ripening. They are borne in 
small clusters of one, two and three or more–usually about 
three. They are about four or fi ve inches long and less than a 
half inch in diameter, holding about 10 seeds which entirely 
fi ll the pod in a most uniform and regular manner. The seed 
is a dark, dull crimson. The pods are perfectly smooth and 
shell out as readily as snap beans.
 “The beans grow–as do the cow ‘peas’–upon petioles of 
varying length, from two or three to six inches in length.
 “No. 2, Phaseolus radiatus–White Podded Adzuki. 
Bright yellow fl owers. July 28, plants not so tall as No. 1. 
Cut August 28, leaves just beginning to turn yellow as on 
No. 1. A few of the beans ripening. The beans are borne in 
small clusters as in No. 1. and of the same size and color.
 “No. 3. Glycine hispida. Yellow Soja Beans. July 25, 

height three feet, bushy. Hairy stems and leaves; leaves 
four inches in length, widely ovate, some heart-shaped. The 
largest petal (vexillum) is purple; the others (wings and keel) 
small and white.
 “No. 4. Glycine hispida–Soja Beans–Kyusuke Daidzu. 
The seeds are much the same as those of No. 3. Height of 
plant, three feet four inches. Does not bloom as early as the 
other Sojas. Bushy plants.
 “No. 5. Glycine hispida–Soja Beans, Edamane [sic, 
Edamame]. Flowers small and white. Seeds larger than those 
of either No. 3 or 4; as large as early smooth peas, rather 
longer one way than the other and light green in color; oval, 
hard and smooth. Leaves not quite so heavy as those of No. 
3. Same size.
 “No. 6. Glycine hispida, Soja Beans. Yamagata Cha-
Daidzu. The seeds are brown in color and as large as late 
wrinkled peas, but oval and smooth. The plants bear more 
leaves and they are larger than those of Nos. 4 or 5. Blooms 
somewhat later.
 “The Soja pods bristle with hairs and the skin is rough. 
There are two seeds to a pod about the size of a Sieva. The 
pods do not open readily when green. The plants are very 
prolifi c, far more so than the Phaseolus radiatus (No’s. 1 
and 2). The Sojas bear two to fi ve beans at every joint, or 
upon short petioles growing out of the axils, as shown in our 
illustration from nature. Fig. 278, see page 722, is a photo-
illustration of the Phaseolus radiatus, life size.
 “As to the future of the Soja Bean, we need not 
speculate. Other writers who have raised it and studied it, 
favor us with their views in this number, and from these an 
idea of its possible, if not its probable, economical value 
as compared with other legumes may be gleaned. It will be 
noted that Prof. Emery mentions that nodules form on the 
roots of Soja plants as they do on those of clover.”
 On the center of the page is a large photo of many soy 
bean pods on the stems of one plant.

52. Rural New-Yorker. 1892. True value of the soja bean. 
North, east, west, south. Will it come into general use? 
(Continued–Document part II). 51(2232):721-22. Nov. 5. 
Oversize.
• Summary: (Continued): “Later Mr. Emery sends this note: 
Inclosed fi nd root of Soja Bean grown on poor red clay 
soil, showing tubercles. The long branch was “pulled” out, 
and may have had tubercles farther out, but they seem to be 
clustered at the base of the stalk.
 Rural N.-Y.–The tubercles are plainly visible. Our 
readers will remember that the latest scientifi c theory is 
that these tubercles, or little warts, are active agents in 
the assimilation of nitrogen by the leguminous plants. 
This would indicate the value of the Soja Bean as a green 
manuring crop.
 “Clover Needs a Nurse, Soja Bean Doesn’t: 1. I 
unhesitatingly recommend our farmers to experiment with it.
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 “2. It will produce more feed to the acre here than 
clover, and do it in half the time required for the latter. We 
cannot start clover with any other crop; when the so-called 
‘nurse crop’ is harvested the young clover is killed by the 
scorching sun. This is so generally the case that but few 
experienced farmers in central Kansas and westward ever 
attempt sowing clover with wheat or oats, or any other crop. 
And the fi rst year, even when seeded by itself, it seldom 
affords much hay, and it is unwise to pasture it for fear of 
killing it. The Soja Beans we have yield a full crop of feed 
during three months of the summer. They are harvested and 
the ground can be put in fall wheat, by the time the clover 
crop is fairly established. Moreover, the Soja Bean can be 
grown where clover cannot get a foothold on account of the 
heat and drought.
 “3. So far as tried, I have found it best to grow it in 
rows about 30 inches or a little more apart, and let the plants 
average one to every two inches in the row. I cultivate them 
until shortly before the blossoms appear. I have so far had no 
diffi culty in curing them as I would a heavy crop of clover. 
Whether it is better to cure it as hay or to put it in the silo is 
yet to be determined by experiment.
 “4. I see many reasons why it can be made a profi table 
crop throughout this State, and throughout the West, but 
especially in the region where the corn crop and tame grasses 
are uncertain.
 “[Prof.] C.C. Georgeson. Kansas Agricultural College.”
 A large illustration (p. 722) shows a “White podded 
adzuki bean. Fig. 278.”

53. Berthelot, -. 1892. Recent researches on the fi xation 
of atmospheric nitrogen by microbes. Experiment Station 
Record (USDA) 4(5):502-04. Dec.
• Summary: Berthelot (Compt. rend., 115 (1892), pp. 569-
574).–The fi xation of atmospheric nitrogen by the agency 
of microbes in the soil has been established, but it has not 
been determined whether the substances enriched with the 
nitrogen constitute permanent components of the tissues 
of the microbes or whether they pass through these tissues 
and are thereby modifi ed in their composition, as is at 
present held with reference to the fi xation of oxygen by the 
mycoderms of acetic fermentation. The question may be 
asked whether the microbes must exist in symbiosis with 
green plants, on the theory developed by Hellriegel and 
Wilfarth in their investigations on Leguminosae, or whether 
the microbes have a separate existence, after the manner 
of a parasite, simply fi nding in the leguminous plant the 
conditions and the medium by which they are enabled to fi x 
nitrogen in their peculiar tissues and to form the nitrogenous 
substances to be ultimately utilized in an independent way 
for the nutrition of the leguminous plants which serve for 
their momentary support.
 To get some light which might aid in the solution 
of these interesting and complex problems, the author 

determined to provide the microbes with some nourishment 
more simple and better understood than vegetable mold. 
The materials chosen were a natural and an artifi cial humic 
acid. The former was obtained from a soil at Meudon which 
possessed the property of fi xing nitrogen; the latter was 
prepared from sugar. The natural humic acid contained 3.61 
per cent of nitrogen; the artifi cial acid was almost entirely 
without nitrogen or ash.
 “About 5 grams of the natural humic acid was put into 
a 6-liter fl ask fi lled with air. Then there was poured into the 
fl ask 5 c.c. of distilled water and 2 c.c. of water containing 
in suspension green plants of low orders developed at the 
bottom of a fl ask in ordinary water by exposure to a feeble 
light. The quantity of organic matter thus introduced was 
almost imponderable, but the liquid contained the germs of 
manifold living organisms, among which were certain forms 
capable of assimilating nitrogen. The fl ask was hermetically 
closed with a stopper of emery coated with vaseline. A 
second fl ask was prepared in a similar manner, except that 
100 c.c. of the distilled water was used.
 “Into a third fl ask was put 5 grams of artifi cial humic 
acid, 15 c.c. of distilled water, and 2 c.c. of the liquid 
containing the germs. A fourth fl ask was prepared in a 
similar manner, except that 100 c.c. of the distilled water was 
used.
 “The four fl asks were then exposed to diffused light 
without at any time receiving the direct rays of the sun. The 
experiment continued from June 30 to October 22, 1892, or 
about four months, at the temperature of the surrounding air.
 “In the four fl asks there developed whitish microscopic 
plants of many species; at the same time there was formed 
a notable amount of carbonic acid, due to the action of the 
oxygen on the humic acid, partly from purely inorganic 
infl uences, as previously shown by the author, and partly, 
without doubt, through the agency of microbes. This 
formation of carbonic acid merits attention, for it is probably 
the intermediary by which the carbon was transferred from 
the humic acid to the plants developed in the fl ask.
 “The weight of the material in the fi rst fl ask decreased 
from 4.725 to 4.081 grams. The difference was due to 
losses of carbonic acid and water, compensated in part by 
the oxygen fi xed and also by the diffi culty of recovering 
absolutely all of the material put into the fl ask. The gain 
of nitrogen is therefore estimated somewhat too low. The 
humic acid at the outset contained 0.1805 gram of nitrogen, 
but the amount of combined nitrogen found at the end of the 
experiment was 0.1900 gram, showing a gain of 0.0104 gram 
or 0 per cent.
 “In the second fl ask the material decreased in weight 
from 4.725 to 4.018 grains. The weight of the nitrogen at 
the beginning of the experiment was 0.1805 gram, and at its 
close 0.1001, showing a gain of 0.0150 gram or 0 per cent. In 
both cases, then, there was a gain of nitrogen after the humic 
material had served as food for microbes.
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 “On treating with water a portion of the material left 
at the close of the experiment, it appeared that the aqueous 
extract contained no trace of nitrate, and only 0.12 milligram 
of ammoniacal nitrogen.
 “These experiments had been preceded by another, 
conducted from the autumn of 1891 to June, 1892, on 
5 grams of this same natural humic acid kept in a moist 
condition in a large fl ask through which was passed several 
times a current of unpurifi ed air containing dust from the 
neighboring soil. In this material there were developed 
mosses and various other kinds of plants, some green and 
others white. On analysis the total material was found to 
be 4.867 grams, the initial nitrogen 0.1805 gram, the fi nal 
nitrogen 0.2350 gram–a gain in nitrogen of 0.0545 gram or 
30.3 per cent. This larger gain than in the fi rst-mentioned 
experiments was due either to the longer duration of the 
trial or to the more active nature of the numerous species of 
microbes which caused the fi xation of the nitrogen.
 “Turning now to the experiments with the artifi cial 
humic acid, we fi nd that in the third fl ask the total material 
recovered was 4.9735 grains, the initial nitrogen 0.001 gram, 
the fi nal nitrogen 0.0030 gram–a gain of 0.0026 gram; in the 
fourth fl ask the total material recovered was 4.94 grams, the 
initial nitrogen 0.001 gram, the fi nal nitrogen 0.0034 gram–a 
gain of 0.0024 gram. In both cases there had been fi xation of 
nitrogen, which was very feeble, because without doubt the 
humic acid, devoid of nitrogen and ash, furnishes insuffi cient 
nutriment to the microbes.
 “Repeated analyses of the artifi cial humic acid showed 
that there was no fi xation of nitrogen when the acid was 
simply exposed to chemical oxidation under the infl uence 
of air and light, thus confi rming the testimony of the 
above described experiments that the action of microbes is 
necessary to the fi xation of nitrogen.
 “We are thus enabled to see that one of the organic 
substances in vegetable mold furnishes nourishment for 
microbes, and have advanced one step in the analysis of the 
phenomena associated with the fi xation of nitrogen.–A.C.T.”
 Soy is not mentioned.

54. Frank, B. 1892. Die Assimilation freien Stickstoffs bei 
den Pfl anzen in ihrer Abhangigkeit von Species, Ernaehrungs 
Verhaltnissen und von Bodenarten [The assimilation of free 
atmospheric nitrogen by plants in its relation to species, 
supply of plant food, and soil types]. Landwirtschaftliche 
Jahrbuecher 21:1-44. [23 ref. Ger]
• Summary: For a long English-language summary, see 
Munson (1898, p. 119). Also summarized by Conn (1891) 
and in Experiment Station Record 3:732. Soy is not 
mentioned. Address: [Germany].

55. Brooks, William P. 1893. The Agricultural Division. 
Massachusetts (Hatch) Agricultural Experiment Station, 
Annual Report 5:151-56. Jan. See p. 152.

• Summary: “Three varieties of soya beans have been 
under cultivation. These have given yields of from about 
22 to 28 bushels per acre. It is signifi cant that the yield 
has been greatest where the tubercles which are connected 
with the assimilation of atmospheric nitrogen were most 
abundant. The cause for the wide differences in the number 
of tubercles upon the roots in different fi elds will be studied 
in another season. At present we are unable to determine 
whether these differences are due to variety of bean, or 
to location; though it is believed that the fact that soya 
beans had previously been grown where the tubercles were 
this year most abundant is a suffi cient explanation of the 
phenomena noticed, for this would mean a greater number of 
germs in the soil, as the certain consequence of the previous 
cultivation of the crop upon which the tubercle bacilli 
develop.”
 Note 1. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “bacilli” (or “bacillus”) 
or the term “tubercle bacilli” in connection with soybean root 
bacteria.
 Note 2. This same exact information appears in the 
Massachusetts Agricultural College, 13th Annual Report 
(Jan. 1893, p. 18), by H.H. Goodell (Director). Address: 
B.Sc., Agriculturist, Amherst, Massachusetts.

56. Sessions, Wm. R. 1893. Massachusetts State Board of 
Agriculture, Annual Report of the Secretary 40:xxi+467 p. 
For the year 1892. Public Document No. 4. See p. 51, 206-
07, 218, 395-96.
• Summary: In the section titled “Cattle foods” Dr. 
Goessmann, director of the station, states (p. 51): “The 
introduction of annual leguminous plants, like peas, vetch, 
Scotch tares, soja bean, etc., on a more extensive scale, is 
in my opinion a step in the right direction to cheapen the 
production of milk and meat by increasing the production of 
home-raised cheap and valuable coarse fodder articles.”
 In the section titled “Work of college and station” we 
read (p. 206): “The testing of varieties of crops new to this 
section has occupied considerable time... Of the beans, 
several varieties of the species commonly known as the soja 
bean prove well adapted to our climate. They ripen their seed 
with as great certainty as corn, and may prove of use as grain 
crops. These beans are the richest known vegetable food, and 
are readily ground into meal.”
 Page 207: “A fourth experiment was for the comparison 
of soja bean meal and cotton-seed meal. But a small quantity 
of the bean meal was available for this experiment, and 
it was tried with only two animals, and during but twelve 
weeks. One of these animals gave a result decisively in 
favor of one food, and the other for the opposite food. I am 
justifi ed simply in judging that the two must be of about 
equal value. Should this conclusion prove well founded, we 
have in early varieties of the soja bean a crop by means of 
which the farmer may escape the necessity under which he 
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now lies of buying largely of bran and cotton seed or similar 
feeds.” The soja bean is mentioned twice on p. 218.
 In the section titled “German experiment stations,” 
subsection “C. The Experiment at Bernburg” (where Prof. 
H. Hellriegel is director and Dr. Wilfarth is his assistant) 
discusses their work proving that leguminous plants can 
assimilate free nitrogen from the air. We read (p. 395-96): 
“Experiments made by Professor Goessmann at the State 
Experiment Station this year were quite instructive. On 
plats of one-tenth of an acre each, that had received a liberal 
dressing with nitrogen, as well as potash and phosphoric 
acid, 2,000 pounds of green soja beans were raised; while 
on an equal area, with land in the same condition, where no 
nitrogen was used, the yield was but 1,400 pounds. So far 
as the writer noticed by an examination of the roots of the 
bean, the nodules were but comparatively few in number; 
and this result, according to his individual opinion, might 
be attributed to a scarcity of the soja bean bacteria in the 
soil. We have yet many experiments to make before a fuller 
knowledge can be obtained.”
 Note 1. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “nodules” (or “nodule”) 
in connection with the roots of soybeans.
 Note 2. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “bacteria” (or 
“bacterium”) in connection with the roots of soybeans.
 Gluten is mentioned on the following pages: 26 (“gluten 
meal”), 31 (“Chicago gluten meal”), 215 (“Chicago gluten 
meal”), and 217 (“Buffalo gluten feed”). Address: Secretary 
of the Board.

57. Atkinson, Geo. F. 1893. Contribution to the biology 
of the organism causing leguminous tubercules. Botanical 
Gazette 18(5):157-66 (May); 18(6):226-37 (June); 
18(7):257-66 (July). [125 ref]
• Summary: This early bibliography, which does not mention 
soy, contains an excellent bibliography of early references. 
Address: Cornell Univ. [Ithaca, New York].

58. Clos, M.D. 1893. Revision des tubercules des plantes et 
des tuberculoïdes des légumineuses [Review of root nodules 
and the bacteria that infect them on legumes]. Memoires de 
l’Academie des Sciences... de Toulouse 5:381-405. Ninth 
Series. http://gallica.bnf.fr/ark:/12148/bpt6k57203023/f399.
image [50+ ref. Fre]
• Summary: A footnote on the fi rst page states that this paper 
was read in the meeting of 16 March 1893. The paper is 
divided into two chapters. The fi rst chapter begins: The study 
of the underground organs of plants, long neglected, has 
become during the past half-century the subject of in-depth 
research, starting with the morphology of the tubercules (des 
tubercules).
 There is a good history of research on tubercules in 
legumes

 Chapter II, titled Les Tuberculoïdes des Legumineuseses 
(page 387) states that the French word tuberculoïdes refers to 
the bacteria that invade the root nodules of legumes.
 Soy is mentioned in passing on page 403: (Some species 
of these two genera mentioned above appear completely 
lacking, and so is Soja hispida, Amphicarpoea monoica and 
Ervilia sativa). Address: [Toulouse, France].

59. Fesca, Max. 1893. Beitraege zur Kenntniss 
der japanischen Landwirtschaft. II. Specieller theil 
[Contributions to an understanding of Japanese agriculture. 
II. Special part]. Berlin: Paul Parey. ix + 929 p. See 187-203, 
872-73. Also published as vol. 2 of 2 volumes bound in one 
(Paul Parey, 1893). [7 ref. Ger]
• Summary: The chapter on the legumes (Die 
Huelsenfruechte, p. 187-203) is partly a review of the 
literature, with emphasis on soybeans (Daizu, Omame, 
Sojabohne). He begins by noting that for a nation like 
Japanese, where the people live predominantly on plant 
foods (Pfl anzenkost = vegan diet), legumes are of major 
importance for the nutrition of the people, in that they offer 
a substitute for meat. They also supply important nitrogen 
to the soil. A table (p. 188) shows soybean production and 
yield in Japan from 1879 to 1887. The area increased from 
441,699 cho to 466,315. Note: 1 cho = 2.45 acres. Production 
increased from 2,280,135 koku to 3,253,790. Note: 1 koku 
= 180 liters or 47.6 gallons. Yield increased from 5.1 cho/
koku to 7.69. Soybeans like the climate of northeastern Yezzo 
[Hokkaido]. A table (p. 190) gives the date of planting, 
date of harvest, and days to maturity at Hakodate, Sapporo, 
and Nemuro (all on Hokkaido). Also discusses: Soy sauce 
(Shoyusauce; p. 190), dates for other locations, and fertilizer 
(Düngung) needs (p. 191-92, incl. phosphoric acid, potash, 
wood ashes, straw, and superphosphate). A table (p. 193) 
shows soybean area (in cho), production. and yield in 1887 
in 6 parts of Japan (Yezzo, northern Japan, central Japan 
[which had by far the greatest planted area and production], 
western Japan, Shikoku, Kyushu).
 Also discusses: The extraordinarily high nutritional 
value of the soybean (p. 196), yellow lupins (p. 196), 
defatted soybean cake (Daizukasu, p. 196), shoyu or soy 
sauce, Shoyubohne, and koji (p. 197-99), tofu, Bohnenkäse, 
and Tofumame (p. 199), Kori-Tofu and E. Kinch (p. 199).
 His analysis of shoyu presscake (Shoyukasu) and okara 
(Tofukasu) showed that they contained respectively: Water 
53.6 and 85.7%. Ash: 6.7 and 0.5%. Crude protein: 12.6 and 
3.8%. Crude fat: 13.7 and 1.4%. Nitrogen-free extract: 6.7% 
and 5.4%. Crude fi ber (Rohfaser): 6.7 and 3.2%. Tofukasu 
is a rather good livestock feed, and it is also eaten by poor 
people. The shoyu presscake, although richer in nutrients 
than okara, is used, at most, only in small amounts in feeds 
and then it must be cooked. Living yeast cells in the koji 
can easily cause stomach diseases and problems, and the 
presscake also has a high salt content. Note: This is the 
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earliest German-language document seen (June 2013) that 
uses the term Tofukasu to refer to okara.
 Miso (4 types; p. 200-02): (1) White miso (Shiro-Miso: 
Low salt content and short shelf life; keeps for 10 days); 
made with rice koji. Fermented for 3-4 days. (2) Edo Miso 
(Yedo-Miso): Higher salt content, shelf 5-4 months up to 1 
year. Made with rice koji. Fermented for 10 days in summer, 
30 days in winter. (3) Farmhouse miso (Inaka-Miso): Very 
high salt content. Shelf life: About a year; made with barley 
koji. Fermented for about 11-12 months. (4) Sendai miso, 
also known as Red miso (Sendai-miso: auch Aka-Miso 
genannt): Red color and high salt content. Shelf life: several 
years. Made mostly with barley koji. Fermented for 1½ to 2 
years.
 Azuki (Phaseolus radiatus, with planted area, 
production and yield for 1883 and 1884, p. 203).
 A table (p. 873) shows a valuation of Japan’s 
agricultural production for about 17 major crops (Source: 
Japan’s Volkswirtschaft und Staatshaushalt). For each crop, 
the annual production (in koku), the worth per unit, and the 
value of the total crop in yen are given. The most valuable 
crops are: Rice: 40 million koku, 200 million yen. Dehulled 
barley (beschalte Gerste): 7 million koku, 14 million yen. 
Naked barley (nakte Gerste): 5 million koku, 12.5 million 
yen. Soybeans (Sojabohnen): 3 million koku, 12 million yen. 
Wheat (Weizen): 3 million koku, 12 million yen. Address: 
Prof., Dr., Germany.

60. Flagg, Chas. O.; Towar, J.D. 1893. Agricultural Division. 
Rhode Island Agricultural Experiment Station, Annual 
Report 5:129-62. For the year 1892. See p. 149-52, 156-57. 
[4 ref]
• Summary: The section titled “Forage Plants” (p. 149-62) 
states: “From Dr. O.C. Wiggin of Keysville, Va. [Virginia], 
was received a small package of Soja beans and two varieties 
of cowpeas... six varieties of Japanese beans [including two 
soja bean varieties, Yamagata Cha daidzu, and Kiyusuke 
daidzu, see p. 157] were received from the Kansas 
Experiment Station.”
 “Soja or Soya Bean. (Soja hispida, natural order 
Leguminosæ).” According to Henderson’s Hand-book of 
Plants (p. 417) “’This is a climbing annual plant allied to 
(Dolichos) (“cow-pea”). It is much cultivated in tropical Asia 
on account of its beans, which are used for preparing a well-
known brown and slightly salt [sic] sauce (Soy) used both in 
Asia and Europe for fl avoring certain dishes, especially beef, 
and supposed to favor digestion.’
 “We believe this plant worthy of trial by those who 
desire a variety of crops for soiling and especially as, 
in common with all the Leguminous plants, it is rich in 
nitrogenous elements. It could easily be cut and stored as 
ensilage...
 “During the early winter a variety of this bean was 
extensively advertised by a party in Missouri as ‘Cole’s 

Domestic Coffee Berry,’ and offered for sale at the 
extravagant price of $3.50 per pound. Its wonderful merit 
as a substitute for coffee was set forth in a ‘dodger’ with 
‘testimonials’ attached. The seed can be purchased of J.M. 
Thorburn & Co., No. 15 John St., New York, or other large 
seed dealers, in small quantities, at 15 cents (15 cts.) per 
pound.”
 A table (p. 151) gives the composition of soja beans, 
red clover, and cowpea plants. Values for the soja bean plant 
are based on three analyses, two grown at the Massachusetts 
Experiment Station in 1889 and cut August 20th and August 
30th, the third grown at the South Carolina Experiment 
Station and cut in full bloom August 5th 1889.”
 Another small table (p. 152) gives the fertilizer 
constituents of the above soja bean plant cut in full 
bloom: Moisture 7.05%. Nitrogen 2.37%. Potash 1.315%. 
Phosphoric acid 0.58%. The crop from one acre of soja 
beans cut and weighed green (27,769.5 lb) has the following 
fertilizing values, based on the value of each constituent: 
Vines $34.54. Roots $4.99. Total: $39.53.
 “For many years the idea has been prevalent among 
the farmers of southern New England that it does not pay 
to sow clover... This condition of things is unfortunate for 
our agriculture in the light of the discovery within recent 
years that the leguminous plants are able to use the nitrogen 
of the atmosphere for their growth through the medium of 
bacteria infesting a nodular growth upon the their roots. All 
the clovers, peas, beans, lupines, vetches, spurry, serradella, 
and sainfoin belong to this class and are generally cultivated 
for their seeds, for fodder or for green manuring. None other 
of our ordinary fi eld and garden plants, grasses, cereals, 
root crops, vines, etc., have yet been shown to posses any 
such ability to assimilate atmospheric nitrogen, hence are 
dependent for their growth upon the supply of nitrogen 
within the soil and rain water, or supplied by the farmer 
in manure or fertilizers. When purchased, nitrogen is the 
most expensive element, costing more than three times as 
much per pound as potash and more than twice as much 
as phosphoric acid, hence true economy should direct the 
prudent farmer to invest his money in phosphoric acid, 
potash and the seeds of leguminous plants in so far as he 
can use such crops for market, for feeding or for green 
manuring” (p. 155).
 A table titled “Summary of analyses of leguminous 
crops” (p. 157) compares the composition of soja beans, 
cowpeas, and three types of “Japanese beans” (Yamagata 
Cha daidzu, Kiyusuke daidzu, and Black Podded Adzuki). 
The two “daidzu” beans are actually types of soja beans.
 Note 1. This is the earliest document seen (May 2016) 
concerning soybeans in Rhode Island, or the cultivation 
of soybeans in Rhode Island. This document contains the 
earliest date seen for soybeans in Rhode Island, or the 
cultivation of soybeans in Rhode Island (1892). The source 
of these soybeans was Dr. O.C. Wiggin (of Keysville, 
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Virginia), and the Kansas Agricultural Experiment Station.
 Note 2. This is the earliest English-language document 
seen (June 2007) that uses the word “nodular” or the word 
“bacteria” (or “bacterium”) in connection with root nodules.
 Note 3. The authors apparently do not realize that 
Yamagata Cha-daidzu and Kiyusuke daidzu are the names 
of soja bean varieties (see table p. 157). Address: 1. B.Sc., 
Director of the Station, Agriculturist, and President of the 
Board; 2. B.Sc., Asst. Agriculturist. Both: Providence, Rhode 
Island.

61. Emery, F.E.; Kilgore, B.W. 1894. Digestion experiments: 
With soy bean hay, cat-tail millet, Johnson grass hay, 
sorghum fodder and bagasse, peanut-vine hay, cotton-seed 
meal, cotton-seed hulls, crimson clover hay, corn meal, corn-
and-cob meal, and corn silage. North Carolina Agricultural 
Experiment Station, Bulletin No. 97. p. 85-102. Jan. 30. See 
p. 90-91, 95-96, 101-02.
• Summary: In February and March 1893 a black goat and a 
spotted grade Jersey heifer (a cow named “Spot”) were fed 
soy (soja) bean hay for 14 days. The section titled “Summary 
of results” (p. 91) states that the results of two investigations, 
this year and last, show both soy bean silage and hay “to be 
most valuable and highly nutritious fodders. As the soy bean 
is a leguminous, or nitrogen gathering plant, it is hoped that 
its cultivation and use will greatly increase.”
 Tables show: (A) Composition of foods used in 
experiments (p. 95), including soy bean hay. (B) Coeffi cients 
of digestibility and nutritive ratios (p. 96). Based on 2 
determinations, soy bean hay has a nutritive ratio of 3.55; 
71.08% of the protein is digested, and 54.18% of the 
albuminoids. (I) Composition of soy bean hay, waste, and 
solid excrement (p. 102). (II) Nutrients consumed and 
excreted in ounces, with percentages digested (for the black 
goat and Jersey cow separately) (p. 102).
 An illustration (facing page 101) shows two goats, 
one black and one white, standing side by side in separate 
wooden stalls.
 Note 1. This is the earliest U.S. agricultural experiment 
station publication or Bulletin seen (June 2014) with the 
word “soy” in the title or subtitle; it is in the subtitle.
 Note 2. This is the earliest document seen (June 2010) 
with the term “soy bean hay” in the title or subtitle. Address: 
1. Agriculturist; 2. Asst. Chemist. Both: Raleigh, North 
Carolina.

62. Brooks, William P. 1894. The Agricultural Division. 
Massachusetts (Hatch) Agricultural Experiment Station, 
Annual Report 6:9-14. Jan.
• Summary: This section begins: “The experimental work 
of the past season has been more extensive than in any 
previous year; but, owing to the early date at which this 
report is made, it is impossible to present many results in a 
satisfactory manner. Our corn, soya bean and millet crops 

are not yet harvested; our silo, though fi lled, cannot be 
opened;...”
 “The millets, Panicum crus galli and miliaceum, have 
had more extended trial this season as crops for green fodder 
and ensilage... They were put into the silo September 18 and 
19, in alternate layers with soya beans.
 “We have cultivated in small amounts some twenty 
varieties of soya and other Japanese beans the past season, 
but these are not yet all harvested. It is thought that the early 
white and the medium green and black [i.e., medium black] 
varieties fi rst cultivated here will prove as valuable as any. 
The fi rst gives a fi ne yield of seed. The others have ripened 
perfectly for the last 5 years, but are a little late for this 
section. They appear to be valuable varieties for fodder or for 
ensilage.
 “The appearance of tubercles which are known to be 
connected with the assimilation of atmospheric nitrogen 
upon the roots of some varieties under the cultivation last 
year and not upon others led us to undertake investigations 
to determine the causes of this difference. A crop with these 
tubercles upon its roots can take free nitrogen from the air, 
but without them it is powerless to do so; hence the interest 
of the inquiry.”
 Soya-bean meal (ground soya beans) is compared with 
cotton-seed meal in feeding two lots of dairy cows during 
two periods of three weeks each. The yields of milk and 
butter for the two lots of cows were practically the same 
although “The cows on the soya-bean meal gave rather the 
most milk.” Chemical analyses showed the cream from the 
cows fed soya-bean meal to be the richer, containing 17.83 
per cent butter fat compared with 17.09 per cent for cows 
fed cotton-seed meal. The butter made from the cows that 
were fed cotton-seed meal was fi ner in texture but appeared 
greasy, while that from the cows fed soya bean meal was 
thought to have a more agreeable texture and fl avor. Soya 
beans of the “early white variety” were sold at cost to 
farmers in the state.
 Note 1. This report describes the fi rst feeding test 
conducted in the USA on milch cows (Wiggans 1934, p. 9); 
A very early use of ground soya beans (not defatted meal) for 
livestock feed.
 Note 2. This is the earliest document seen (Aug. 1999) 
that uses the term “medium black” (although written in 
lowercase letters) in connection with soybeans (one of two 
documents).

63. McCarthy, Gerald; Emery, F.E. 1894. Some leguminous 
crops and their economic value. North Carolina Agricultural 
Experiment Station, Bulletin No. 98. p. 133-54. March 1.
• Summary: This bulletin contains three parts, the fi rst two 
of which discuss soy beans. It is not clear where these soy 
beans came from.
 Part I, titled “Legumines as improvers of the soil,” by G. 
McCarthy, states: “Among the natural orders or families of 
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plants, none hold a higher place in relation to human welfare 
than the Leguminoseæ or Pulse family. This family includes 
every variety of bean, pea, clover, medic, vetch, and many 
useful and poisonous drugs, besides a number of the fi nest 
ornamental and timber trees. The legumines were among 
the fi rst vegetables cultivated by mankind, and have ever 
been among those most esteemed. Nearly all of this family 
of plants have a peculiarly-shaped butterfl y-like fl ower, and 
the seeds are enclosed in pods, which are often arranged in 
one-seeded joints. Both the stems and the seeds of all the 
legumines are very rich in albuminoids–the food which goes 
to form the muscular or lean-meat portion of fl esh, and are 
therefore especially valuable for a young and growing stock 
and for working animals.
 “In North Carolina, the most valuable and generally 
used forage and fertilizing plants of this family are the true 
clovers, medics [such as black medic (Medicago lupulina) 
and burr clover (Medicago denticulata)], Japan clover, 
vetches, cow-peas, and Japan peas... It is well know that 
most or all of this family of plants have a property possessed 
by no other family of plants–that of harboring in their roots 
a species or class of yet unnamed microbes which fi x the 
free-nitrogen of the air which is then absorbed and utilized 
by the plant in its growth and fruition. We can therefore, by 
stimulating a luxuriant growth of legumines obtain at slight 
expense the nitrogen required by other nitrogen-consuming 
crops.”
 On p. 242 we read: “Japanese peas–Glycine hispida.–
The Japanese or Mongolian pea is more commonly called 
‘soja’ and ‘soy’ bean, but it is not a bean. Recently there have 
been introduced several new varieties of this pea. All the 
following varieties were sown May 20 [1893] and received 
the same treatment:

“The common Soja Bean or Soy Pea.–Seed round, 
yellow. Vigorous growing, hairy, bushy plant attaining a 
height of 20 to 25 inches. Stems become woody soon after 
fl owering. A very prolifi c bearer of round yellow seeds, 
which are sometimes used as a substitute for coffee. The 
peas, when properly cooked, are edible and palatable. The 
edible qualities of the soy bean are so highly esteemed in 
Japan that it is there rarely fed to stock. 
 “The following directions [recipe] for cooking the ‘soy’ 
pea are given by Dr. J.H. Mills, of the Baptist Orphanage at 
Thomasville, N.C. [North Carolina]: Soak the peas till the 
skins come off. Then stir the peas in the water until the skins 
rise to the surface and skim them off. Boil the peas with 
bacon until soft. Add pepper and butter to suit and serve hot. 
If the peas are green the preliminary soaking may be omitted. 
This makes a most palatable dish, well liked by children.

“Japan Pea No. 9.–A vigorous, bushy plant resembling 
the ‘soy,’ but smoother and has larger dark-colored seeds. 
This is the best of the new varieties.

“Japanese Pea No. 7.–A small, slender, bushy plant 
bearing a fair crop of small cream-colored peas–inferior to 

the soy and No. 9.
 “Japanese Beans–Phaseolus radiatus [Adzuki beans]–
Japanese Bean No. 5.–A low and slender-growing plant 
bearing numerous pods well fi lled with a small red bean 
which makes excellent soup.

“Japanese Bean No. 6.–A plant scarcely distinguished 
from No. 5 and of about the same value. Both these beans are 
for table use only and not for forage.”
 An illustration (p. 142, non-original) by “VAC” or “VC” 
shows the “Japanese or Soy Pea” plus several enlarged pods 
in the lower right corner.
 In Part III, titled “The fungous and insect enemies 
of legumines,” by Gerald McCarthy, Section C, “Insect 
enemies,” discusses the following insects that damage 
leguminous forage plants in North Carolina: (1) The pea 
weevil, Bruchus pisi, is the larger of the two common 
weevils. But “Bruchus fabæ [the bean weevil] is our most 
destructive weevil and is the species which infests cow-peas 
and table beans [including soy beans] in store [storage].” 
This weevil is the smaller of the two, “is light yellow in 
color and quite hairy.” As soon as this bean weevil matures 
in stored beans or cow-peas, it immediately “lays eggs on 
the hard seeds and these soon hatch into devouring grubs, 
which, after eating their fi ll, again produce the winged form 
to lay more eggs, and so on while the food supply lasts. A 
few weevils in the stock of beans put into the bin in the fall 
may increase to millions by the spring and ruin a thousand 
bushels of beans or cow-peas.
 Remedies: If the presence of weevils is suspected, the 
seeds of beans or peas “should be plunged into water nearly 
scalding hot–140ºF for fi ve minutes before sowing. As soon 
as the seed is threshed out and before bagging for storage, 
it should be placed in a tight bin, or hogshead, or piled in a 
conical heap on the fl oor of a tight room and subjected to the 
fumes of carbon bisulphide.”
 (2) The clover-seed midge, a two-winged fl y, is “a sister 
species of the notorious Hessian fl y, Cecidomyia destructor. 
Also mentions the clover root borer and the clover hay 
worm.
 Note 1. This is the earliest English-language document 
seen (May 2012) that uses the term “Japanese Pea” or 
“Mongolian pea” or “Japanese Pea No. 7” to refer to the 
soy bean. Since “Japanese Pea” is mentioned in only one 
other document (Soule 1907, p. 280-81, from Virginia) we 
conclude that this is not the name of a new soy bean variety.
 Note 2. This is an early reference to the soybean in 
connection with Mongolia.
 Note 3. This article contains one of the earliest American 
recipes for cooking whole soybeans.
 Note 4. In the late 1800s, the adzuki bean was 
sometimes given the scientifi c name Phaseolus radiatus. In 
the U.S., Georgeson of Kansas gave it this name in 1890 and 
1892. Later the name was used for the mung bean.
 Note 5. This is the earliest English-language document 
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seen (Aug. 2014) that contains the word “entomologist” in 
connection with soybeans.
 Note 6. This is the earliest English-language document 
seen (March 2007) that uses the word “medic” to refer to a 
leguminous plant, probably alfalfa (Medicago sativa). It is 
also the earliest English-language document seen (March 
2007) that uses the word “medics” to refer to members of 
this plant family.
 Note 7. This is the earliest English-language document 
seen (Feb. 2007) that uses the word “legumines” to refer to 
legumes.
 Part II of this article (p. 147-50), titled “The cultivation 
of leguminous plants for forage,” by F.E. Emery, notes that 
the soy bean was one of the most common “legumines” used 
for hay, soiling, and silage. “The cow-pea and the soy bean 
will give better satisfaction for soiling or silage than for 
hay, unless sown broadcast...” For soiling: “Soy beans grow 
upright and may be planted alternately with corn in the same 
row and cut at the same time with it.” Address: 1. Botanist 
and entomologist; 2. Agriculturist. Both: Raleigh, North 
Carolina.

64. Ward, H. Marshall. 1894. Recent investigations and 
ideas on the fi xation of nitrogen by plants. Nature (London) 
49(1274):511-14. March 29.
• Summary: “Three totally different, though convergent, 
scientifi c controversies have arisen during the latter half 
of the present century concerning the rôle played in nature 
by nitrogen, as met with in the air, rain, and soil, free 
or combined, in connection with the ordinary plants of 
agriculture and forestry; and, quite apart from their real 
relations to one another, these three controversies have at 
times been somewhat confused in their issues.
 “One of these controversies turned on the question of 
the transformations of combined nitrogen, as met with in 
the forms of ammonia, nitrites, and nitrates, and as organic 
compounds of nitrogen resulting from the decomposition 
of the remains of living beings–plants and animals–in the 
soil. The outcome has been the proof that oxidations and de-
oxidations of these compounds are intimately bound up with 
the physiological activities of living organisms, especially 
bacteria, in the soil; the investigations of Giltay and Aberson, 
and Winogradsky’s brilliant researches especially, have 
brought what had long been regarded as purely chemical 
problems into the domain of biology. ‘Nitrifi cation’ and 
“denitrifi cation,’ to use the current terms, are phenomena 
incorporated with those of fermentation, respiration, &c., and 
therefore involve biological science for their elucidation.
 “Another of these controversies turned on the question 
whether the free nitrogen which forms so large a proportion 
of that huge gaseous ocean, the atmosphere, can be again 
directly employed by green leaves, and built up as combined 
nitrogen in plants; or whether, once having been disengaged 
from organic and other compounds, and passed into the 

air as gaseous nitrogen, it is for ever lost, except in so far 
as electric discharges and other energetic physical and 
chemical processes force this relatively inert element into 
combinations, which the rain then brings down as inorganic 
salts, and so help to restore the balance of nitrogenous 
substances in the soil.
 “This controversy, a long and involved one, started and 
for some time continued as a peculiarly chemical question, 
has passed through various phases and branched out into 
several subsidiary controversies, if we may so term them.
 “Thus the alleged ‘fi xation’ in the soil, especially 
investigated by Berthelot and André, became a scientifi c 
question apparently on defi nite lines of its own, and (so far 
as any such question can be independent) independent of the 
question whether ordinary green-leafed plants, such as peas, 
lucerne, wheat, &c. can assimilate the free nitrogen of the 
atmosphere by processes more or less comparable to those by 
which they are known to assimilate the carbon they wrench 
from the carbon-dioxide of that gaseous environment.
 “The latter question, again, became a divided one, 
chiefl y owing to assertions that green leaves could directly 
assimilate the ammonia, if not the free nitrogen, of the air, 
and some time was occupied in arriving at the conclusion 
that ordinary green plants do not directly assimilate or 
fi x either the gaseous ammonia or the free nitrogen of the 
atmosphere. This conclusion, in opposition to that arrived 
at by Ville, was regarded as so thoroughly established by 
the experiments of Boussingault and of Lawes, Gilbert, and 
Pugh, that it has been defi nitely accepted and taught for 
many years–and rightly so, from the evidence to hand.
 “The third of the three controversies referred to at 
the outset, is the more recent one concerned with the 
question whether certain of the higher green-leafed plants, 
particularly those known as leguminous plants (such as 
peas, beans, clovers, vetches, lupins, robinia, &c.), when 
living as they normally do in symbiotic association with 
certain microscopic and essentially parasitic fungoid 
organisms which invade their roots, are differently placed 
from other green plants as regards the power of ‘fi xing,’ and 
assimilating, the free nitrogen of the atmosphere.
 “The present position of opinions on this last and most 
remarkable controversy is the subject of this article, so far as 
it can be done justice to in the short space at disposal.
 “It is now well known that leguminous plants are 
normally found to have certain nodosities or swellings 
on their roots, and that these swelllngs are caused by the 
activity of certain minute organisms which, as the writer 
of this article fi rst proved, invade the roots from outside, 
after the manner of a parasitic fungus. The controversy as 
to the exact nature of these organisms–bacteria, according 
to Prazmowski, Beyerinck, and others, degraded allies of 
the Ustilagineæ, or some lower fungus, according to my 
observations, and the confi rmatory evidence of Laurent–in 
no way affects the truth that these organisms do not kill 
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the plants attacked, or even make them diseased, but incite 
them to more active life for a time. The evidence on which 
these organisms (termed ‘bacteroids’) have been taken to be 
bacteria–their growth in gelatinc tubes, staining, and their 
minute size–is equally in favour of their being lower fungi, 
and is not suffi ciently conclusive. Eventually the nutritious 
contents of these nodules, with the symbiotic ‘bacteroids,’ 
are absorbed, in whole or in part, by the leguminous plant, 
and their rich stores of nitrogenous material assimilated by 
the latter.
 “The experiments of Hellriegel and Wilfarth, of Lawes 
and Gilbert, and of others and myself, placed it beyond 
reasonable doubt that, taking the leguminous plant and 
its symbiotic organisms together with the pot of soil in 
which it is grown as a closed system, this system contains 
more nitrogen at the end of several weeks than can be 
accounted for by the nitrogen in the soil and the seed at 
the commencement of the experiment; and this was true in 
cases where careful precautions were taken to prevent the 
addition of any nitrogen further than the free nitrogen of the 
air. The only legitimate conclusion was that somewhere, and 
somehow, the system fi xes free nitrogen from the air.
 “This matter has been since carried further, however, 
by Laurent and Schloesing, who, by growing various plants 
in an air-tight apparatus under such perfect control that they 
could analyse the quantity of nitrogen both in the plant and 
soil, and in the purifi ed air, showed that the gain of nitrogen 
in the former during the progress of the experiments, is 
balanced by a corresponding loss in the latter. They further 
showed that only two kinds of plants could thus ‘fi x’ the 
nitrogen of the air. These are leguminous plants, and certain 
lower algae (perhaps mixed with bacteria) or allied forms. 
This fi xation only occurs under certain defi nite conditions, 
moreover. The leguminous plants must be infected with the 
symbiotic ‘bacteroids,’ and the algae must be exposed freely 
to the air and light in the apparatus: even a thin layer of the 
sterilised sand employed suffi ced to stop the action of the 
algae.
 “Laurent and Schloesing found no fi xation in the case of 
artichoke, oats, tobacco, mustard, cress, or any other plants 
experimented with; and their experiments, taken as crowning 
the edifi ce of evidence accumulated by them and numerous 
other observers, have been fairly regarded as proving that 
leguminous plants, at any rate, and perhaps certain lower 
algae, do somehow ‘fi x’ the free nitrogen of the atmosphere 
and assimilate it.
 “Koch and Kossowitsch have recently claimed to 
confi rm the above results of Laurent and Schloesing with 
algae, and it should be mentioned that Frank had previously 
stated that such fi xation by lower cryptogams occurs. 
Unfortunately we are as yet uninformed what species of 
algae are exactly concerned here, and no one has cultivated 
them pure and confi rmed the results.
 “It will be noticed that, so far, all that is established 

is that the infected leguminous plants, and the algae of 
sorts, plus the known soil (usually sterilised sand to which 
known additions are made), somewhere and somehow 
gain in nitrogen at the expense of the free nitrogen of the 
atmosphere.
 “Now come the other aspects of the controversy, which 
is raging chiefl y around the question as to exactly where and 
how this gaseous nitrogen is fi xed” (Continued). Address: 
[England].

65. Ward, H. Marshall. 1894. Recent investigations and ideas 
on the fi xation of nitrogen by plants (Continued–Document 
part II). Nature (London) 49(1274):511-14. March 29.
• Summary: (Continued): “Obviously several possibilities 
could be suggested. (1) The gaseous nitrogen could be 
conceived as directly fi xed by the plant which gains in 
nitrogen–as absorbed by the protoplasm of the living 
cells exposed to the air–e.g. the cells of the leaves of the 
leguminous plant, or those of the algae on the surface of the 
soil. This view is actively maintained by Frank and a few 
supporters, who go as far as is possible in this direction, 
and really again raise the old question which originated 
with De Saussure, and was rightly regarded as refuted by 
Boussingault and Lawes and Gilbert.
 “(2) The gaseous nitrogen could be conceived to be 
fi xed in the soil by means of bacteria or lower algae (we 
have seen these are left indefi nite), and, when it has been 
converted into nitrogenous compounds of some kind in the 
soil, eventually absorbed by the roots of the leguminous or 
other higher green plant in the ordinary course of events. 
The principal champion of this view is Berthelot, who 
claims to have proved that certain soil-bacteria, and also the 
organisms of the leguminous root-nodules, have the power 
of fi xing the free nitrogen of the air, and so enriching the soil 
in nitrogenous compounds. In this connection, of course, the 
whole question of nitrifi cation and de-nitrifi cation in the soil 
will no doubt be involved with the question of the fi xation of 
free nitrogen from the atmosphere.
 “(3) The fi xation of the atmospheric nitrogen could 
be conceived of as a powerful act of the machinery of the 
leguminous plant, urged to the necessary expenditure of 
energy by the stimulating action of the symbiotic organism 
in its roots. This view, held especially by Hellriegel, 
Prazmowski, and others, is also shared by Frank, who 
believes that it is only in their being thus stimulated to 
greater activity that the leguminosae differ from many other 
plants, which, he says, also fi x the atmospheric nitrogen 
directly, but to so much less an extent that the experimental 
proof of their power to do it is far more diffi cult.
 “(4) Another possible view is that the root-organisms act 
merely as accumulators of nitrogenous material, which has 
been derived from atmospheric nitrogen fi xed and combined 
in the soil, by physical or chemical processes, or in the open 
ground by the action of soil-organisms; and the leguminous 
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plant benefi ts by devouring (if we may employ this word) 
the bacteroids eventually, and profi ting by their stores of 
nitrogenous material.
 “Let us now take these four possibilities in order, and 
examine them a little more in detail.
 “The fi rst view rests almost entirely on the statements 
of Frank, of Berlin, who brings forward a number of 
experiments which in his opinion show that many higher 
plants, in addition to the leguminosae, are capable of 
directly assimilating the free nitrogen of the atmosphere. For 
instance, Frank gives results showing that oats, buckbeans, 
spurrey, turnips, mustard, potatoes, and Norway maple are all 
capable of fi xing atmospheric nitrogen.
 “Most of Frank’s experiments were made in the open 
air, the pots of plants being simply sheltered from rain; but 
in some cases, he affi rms that he got positive increase of 
nitrogen with mustard-plants under bell-jars, properly shut 
off from the outer air, and through which purifi ed air was 
drawn.
 “Apart from these latter, and in spite of Frank’s assertion 
that the quantities of combined nitrogen in the air are so 
immeasurably small that they may be neglected, it seems fair 
to object that, in the present state of science, we cannot trust 
experiments in the open air to decide such a point; while, 
with regard to the experiments with mustard, it must not be 
forgotten that not only the old results of Boussingault and 
Lawes and Gilbert are entirely and emphatically opposed 
to them, but the exceedingly careful recent experiments of 
Schloesing and Laurent, made with all modern appliances 
and methods, showed the contrary–no signs of fi xation of 
nitrogen could be obtained in oats, tobacco, cress, mustard, 
cabbage, spurrey, and potato, the very plants Frank used.
 “Frank replies that completely normal plants cannot 
be grown under such closely covered glass vessels as these 
experimenters use, but he accepts their positive results in 
all cases. Frank’s contention is that the plant must be very 
vigorous, and near its maturing point, before it has power to 
energetically seize and ‘fi x’ the atmospheric nitrogen; but 
(without denying that it is possible that the utmost vigour 
may not be as yet attainable under the conditions necessary 
for culture in closed glass receptacles of limited capacity) it 
is impossible to overlook the danger that in experiments in 
the open air, the time which must necessarily elapse before 
Frank’s critical period of maturity on the part of the plant is 
reached, is long enough for all sorts of disturbing infl uences 
to come in, especially if any kind of ‘fi xation’ in the soil, 
such as Berthelot asserts, really occurs: the root-hairs would 
take up, and the plant absorb, nitrogenous bodies as fast as 
they were formed in the soil around them, while there would 
be ample time for the development of many generations of 
micro-organisms in the medium.
 “In view of the tenacity with which the belief in a direct 
absorption of atmospheric nitrogen is cherished by many 
foresters and agriculturists, it seems imperative that critical 

experiments should be persevered in; as matters stand, we 
cannot accept Frank’s position as proved, or even as rendered 
probable.
 “The possibility mentioned above as an explanation of 
the danger of accepting Frank’s results would be rendered a 
certainty if the recent researches of Laurent and Schloesing, 
Koch and Kossowitsch, and Berthelot, in part supporting 
earlier statements by Frank himself, turn out to have been 
properly interpreted.
 “Laurent and Schloesing–and their results are confi rmed 
by Koch and Kossowitsch–declare that sterilised sand, 
devoid of nitrogenous material, when covered with a growth 
of certain green and blue-green algae, probably mixed, 
however, really does ‘fi x’ the atmospheric nitrogen, and 
gains in nitrogen-compounds, but only if the algal growth 
is freely exposed to the atmosphere in the closed chambers 
employed. These statements confi rm earlier, but less 
defi nite, experimental results by Frank; and the latter has 
recently expressly stated that certain fungi–e.g. Penicillium 
cladosporioides–can fl ourish in a medium to which no 
nitrogen but that of the atmosphere has access.
 “Berthelot goes further, and claims to have established 
that several species of soil-bacteria and fungi, including the 
fungoid organism of the leguminous tubercles cultivated 
separately, can ‘fi x’ free nitrogen; and if the analyses of 
the small quantities of materials in his fl asks survive the 
criticism of the chemists, it seems diffi cult to refuse credence 
to the views he puts forward; but, as in most of these cases, it 
is the enormous diffi culties of analyses which lie at the root 
of the matter.
 “Moreover, different observers differ considerably on 
this question. Beyerinck, while regarding it as probable that 
the nodule-organisms ‘fi x’ atmospheric nitrogen, admits that 
he does not prove it; and in Laurent’s special investigation 
into this question, he left it also uncertain; while Immendorf 
failed to satisfy himself that these organisms can fl ourish 
without organic compounds of nitrogen; and Frank insists 
that they do not thrive at all without organic nitrogenous 
food-materials. Moreover, it must not be overlooked that 
other observers, e.g. Gautier and Drouin, have given 
evidence pointing to possible phenomena of ‘fi xation’ of 
nitrogen by compounds of iron and other substances clinging 
to particles of the sand employed, which may interfere with 
the accuracy of conclusions drawn from experiments where 
sterilised soil in the open air is concerned.
 “When we refl ect how very minute these organisms 
are, and what excessively small quantities of nitrogen they 
need for their life-purposes, we cannot be surprised at the 
diffi culties met with in these investigations. But, however far 
from proved we may regard the question of fi xation of free 
nitrogen by soil organisms, it is perfectly clear that here is a 
most pressing question for further experimental research, and 
agricultural and forest practice are alike keenly interested in 
having the question defi nitely answered.
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 “The third possible view–that the leguminosae are 
able to force free nitrogen into combination with other 
elements, owing to the energetic action of their protoplasmic 
machinery stimulated by the symbiotic fungoid organism–
deserves more consideration than may at fi rst sight appear, 
especially to those who are not familiarised with the 
remarkable phenomena of symbiosis generally” (Continued). 
Address: [England].

66. Ward, H. Marshall. 1894. Recent investigations and ideas 
on the fi xation of nitrogen by plants (Continued–Document 
part III). Nature (London) 49(1274):511-14. March 29.
• Summary: (Continued): “In the fi rst place, the fact that 
leguminous plants amply provided with the root-nodules do 
‘fi x’ the atmospheric nitrogen, under conditions in which 
the same plants devoid of the nodules fail to increase their 
supplies of nitrogen, is far better established than any of the 
other cases discussed, and must now be accepted as proved 
by the experiments of Frank, Hellriegel, myself, Lawes and 
Gilbert, and especially by the recent splendid investigations 
of Laurent and Schloesing.
 “It is true that Frank says the symbiosis is not absolutely 
necessary for the fi xation to proceed, but even he declares 
that the leguminosae are stimulated to greater powers of 
nitrogen-fi xation by the nodule-organisms.
 “A curious and signifi cant confi rmation of the symbiosis 
theory comes from the experiments of Nobbe, Schmid, 
Hiltner, and Hotter, who fi nd that Elaeagnus plants, the 
roots of which develop nodules due to the invasion of a 
fungus totally different from the one causing the leguminous 
nodules, also ‘fi x’ and assimilate the free nitrogen of the 
atmosphere, as shown by their growing and fl ourishing much 
better and more rapidly than Elaeagnus plants side by side 
with them, but not infected with the root organism. It will 
be interesting to see if further research shows similar results 
with any of the physiologically similar root-outgrowths, due 
to very different fungi, met with in Taxodium, Podocarpus, 
Alnus, Funcus, and many other plants, including some 
vascular Cryptogams.
 “Now comes the question, in what part of the 
leguminous plant does the actual ‘fi xation’ of the free 
nitrogen occur? Frank stands practically alone in claiming 
the leaves to be the organs concerned. Nearly all other 
observers regard the roots as the region, and the nodules 
themselves as the actual seat of fi xation.
 “Kossowitsch has even attempted the heroic task of 
deciding between leaves and roots, by enclosing the former 
or the latter respectively in air-tight receptacles, shut off from 
the non-enclosed parts, in which gases devoid of nitrogen 
were circulated. He could not always keep the apparatus 
perfectly gas-tight, however, and this and other failures met 
with in these exceedingly diffi cult experiments, undoubtedly 
weakens the force of his conclusions that it is in the roots 
and not in the leaves that the process occurs, though it does 

look as if the balance of evidence obtained fairly support his 
conclusion so far as it goes.
 “There are facts, however, to be gathered from the 
microscopic analyses of the root-nodules, as furnished by 
myself and others, which have been in great part overlooked 
in the discussions on this subject, and which, although not 
conclusive, seem to support the view that the seat of fi xation 
may be in the nodules themselves. For instance, the nodules 
are supplied with a regular system of conducting vascular 
bundles, communicating with those of the roots; then their 
cells, during the period of incubation of the symbiotic 
organism, are abundantly supplied with starch; further, the 
cells in which the fungoid organism is vigorously fl ourishing 
are evidently exceedingly active, as may be deduced from 
their large size, brilliant nuclei, protoplasm, and sap-vacuole, 
all of which show signs of intense metabolic activity, lasting 
for considerable periods. The fact that the sap expressed 
from these active tissues is alkaline, has been interpreted 
as in accordance with Loew’s suggestion that the living 
protoplasm, in presence of an alkali and free nitrogen, can 
build up ammonium nitrite, or some similar body. Be this 
as it may, there can be no question as regards the infected 
nodule-cells being centres where intense physiological 
activity is going on; and it seems impossible to avoid the 
conclusion that the vascular supplies from the roots into the 
nodules bring to these cells water in which various salts, 
carbo-hydrates, &c. are dissolved, and carry off from them 
the soluble products of metabolism.
 “Presumably these products of metabolism include 
nitrogenous bodies.
 “In the ordinary course of events, theory teaches that 
these nitrogenous bodies–e.g. amides, preceded by simpler 
compounds–are built up by the machinery of the ordinary 
living cell-protoplasm from carbo-hydrates and nitrates, the 
energy necessary for the metabolism being derived chiefl y 
(if not entirely) by the oxidation of part of the carbo-hydrates 
supplied.
 “This constructive metabolic work of the protoplasm 
is an act which we cannot explain in detail. We can only 
dimly perceive that it must be due to some remarkable power 
the protoplasm possesses–and in virtue of which it is an 
illimitable machine much more economical in its actions 
than any apparatus we can construct–of so placing the atoms 
and molecules of the nitrate, carbo-hydrate, water, &c. with 
which it works, that they are enabled to undergo movements 
into which we cannot as yet force them in the laboratory.
 “The whole matter seems to depend on some peculiar 
mode of presentment of the atoms and molecules concerned; 
and we can see no further than that this can be done in the 
living cell, because the protoplasm is a suitable engine for 
thus bringing the combining elements into the necessary 
positions in space.
 “Now, if this is so, there seems no exclusion of the 
possibility, at any rate, that the cell-machinery may be so 
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stimulated into greater activity that it can even force the 
notoriously inert nitrogen molecules, properly presented, 
into combinations with other molecules, resulting in the 
production of nitrites, amides, or similar bodies in ascending 
order.
 “The whole matter no doubt resolves itself into some 
such question of a properly adapted engine suffi ciently 
supplied with energy. The matter seems capable of 
explanation, in some degree, if we remember that carbo-
hydrates and oxygen are present in abundance; the real 
diffi culty is with the machinery, for we cannot as yet picture 
the exact construction or working of such an engine, as 
physiology nevertheless impels us to suppose the cell-
protoplasm must be.
 “It may be remarked, by the way, that the likeness of the 
living protoplasm to an engine, in the sense implied, may 
hold good whether the former is an ‘emulsion,’ in the sense 
of the defenders of that hypothesis, or a ‘structure,’ in the 
sense of those who refuse the emulsion hypothesis.
 “The fourth of the possible views as to the means by 
which free nitrogen becomes available to the leguminous 
plant, however, reminds us that, although the evidence points 
to the stimulated leguminous plant as the best established 
example of one capable of doing this work, there are other 
possibilities.
 “Berthelot’s recent insistence that certain soil-bacteria 
can fi x free nitrogen, taken with Frank’s, Laurent and 
Schloesing’s, and Koch and Kossowitsch’s experiments, 
make it impossible to deny that the above hypothesis as 
to the powers of the protoplasmic machinery may apply 
to the cells of some lower organisms, without symbiosis 
coming into play at all. The remarkable facts brought 
to light regarding sulphur-bacteria and iron-bacteria by 
Winogradsky, and the still more unexpected results this 
observer obtained with nitrifying organisms, show that the 
machinery of the cell can avail itself of sources of energy 
undreamt of by earlier observers. If, by the oxidation 
of sulphur or sulphuretted hydrogen, or of lower iron-
compounds, or of ammonia, certain of these organisms can 
obtain the energy necessary to set going machinery capable 
of so presenting other molecules of the elements they take 
up to one another that organic compounds result, it is by no 
means inconceivable that, at the cost of carbon-compounds 
which they oxidise powerfully, the necessary energy can be 
obtained to force even free nitrogen into combinations.
 “It is equally conceivable that in the case of the 
leguminosae, the symbiotic organism is really more of a 
parasite (it is necessarily a parasite in some degree) than is 
assumed in the third view, and that, at the expense of the 
carbo-hydrates so richly furnished to it by the host plant, the 
fungoid organism alone supplies the machinery for forcing 
the nitrogen into combination, and that when it has stored 
up relatively large quantities, owing to its activity in the 
incubators–the root-nodules–provided for it by its host-plant, 

and is diminishing in resisting power, the latter at length 
turns round and absorbs the stores.
 “The chief objection to this view is that the gains in total 
nitrogen seem to be greater than would be thus explained, 
unless the organisms in the soil outside the roots are also 
fi xing free nitrogen.
 “Such then, put too shortly as regards the numerous 
experimental facts, are some of the chief ideas agitating the 
scientifi c world on this question, a question which, be it 
emphatically stated, promises to be of more importance to 
agriculture in the future than any legislation as to prices, &c. 
that we can conceive; for if it turns out that the acquisition of 
free nitrogen by the land, or, what amounts to the same thing, 
the plants growing on it, can be economically promoted, 
the farmer and forester may have the control of sources of 
real wealth not yet dreamt of. Unquestionably there is an 
enormous amount of careful and very diffi cult experimental 
work to be done before we arrive at the solution of the 
various vital questions raised; but the astounding results 
obtained during the last decade by a few earnest workers 
promise brilliant results in the future.” Address: [England].

67. American Agriculturist. 1894. Nitrogenous crops for 
stock. 54(3):65. Sept. 15.
• Summary: “The nitrogen or [sic, of] the air is the cheapest 
source of nitrogen for plants, and the leguminous plants 
which secure it are the cheapest source of nitrogenous 
protein for animals, according to E.W. Allen, of the U.S. 
Department of Agriculture (F.B. 16). Hay from leguminous 
crops is about twice as rich in proteid materials as hay from 
grasses.”
 “Ripe cowpeas and soja beans furnish an extremely rich 
concentrated food, which may be ground for feeding in place 
of expensive commercial feeds. The rich straw may be used 
for coarse fodder. Leguminous crops are best utilized when 
fed on the farm, and the manure carefully saved and applied 
to the soil. The greatest profi t is thus secured, and nearly the 
same fertility is maintained, as with green manuring.”

68. True, A.C. 1894. Report of the Director of the Offi ce of 
Experiment Stations. Report of the Secretary of Agriculture. 
p. 417-64. For the year 1893. See p. 439-40.
• Summary: In the section on “Practical experiments at 
the Agricultural Experiment Stations” (p. 365+), there is 
a long subsection titled “Soja beans” (p. 439-40) which 
states: “These beans are also known as soya and soy beans. 
Two distinct species have been called by these names. The 
small bean (Phaseolus radiatus) is largely used in Japanese 
confections, but is of no special value as a forage plant.
 “The large bean (Soja hispida or Glycine hispida) is 
the true soja bean, and has been found by the stations in a 
number of States to be a valuable forage plant. In Japan this 
bean is largely used as food for man and animals.
 “The soja bean is an animal leguminous plant 
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resembling the bunch or upright varieties of cowpeas. The 
growth is erect and from 3 to 4.5 feet high. The short pods 
are borne thickly on the stocky, bushy plant. Stems, leaves, 
and pods are densely covered with short hairs.
 “The soja bean can not be said to be a new plant in 
the United States but was introduced from Japan before 
the organization of the experiment stations in 1888. 
However, the varieties fi rst introduced were too late in 
maturing for localities in which early autumn frosts occur. 
The Massachusetts State Station and the Kansas Station 
introduced from Japan early varieties of soja beans, Repeated 
experiments at these stations indicated that these matured 
in Massachusetts with the same certainty as the common 
varieties of corn, and that they ripened in Kansas in any 
season. The varieties which experiments have shown to be 
early enough for Kansas are Eda mané [sic, Eda-mame; see 
Popenoe, Mason, and Marlatt 1891], Yellow Soy, Yamagata 
Cha-daidzu [brown], and Kiyusuké Daidzu. In Kansas soja 
beans have shown considerable ability to resist drought.
 “The seed should be planted only after the ground is 
warm in the spring. In Kansas the latter part of May is the 
preferred season. The beans, at the rate of 5 to 10 per foot, 
are planted in drills from 2.5 to 3 feet apart. The cultivation 
is similar to that given the bunch varieties of the cowpea and 
should not occur while the leaves are wet with dew or rain. 
The vines are cut when the beans begin to ripen, cured in 
small, high piles, and threshed when dry.
 “At the South Carolina Station the yield of beans was 
from 10 to 15 bushels per acre. At the Georgia Station soja 
beans yielded 1,307 pounds of beans per acre, while the yield 
of cowpeas on an adjacent plat was only 840 pounds. The 
weight of dry forage from the former was also greater than 
that of the hay from cowpeas. At the Massachusetts Hatch 
Station the variety Medium Early White soja bean yielded at 
the rate of 35 bushels per acre. The variety Black Medium 
made a ranker growth of vine than most of the other sorts. 
At the Massachusetts State Station soja beans yielded 5,949 
pounds of dry matter per acre. The red varieties [probably 
azuki beans] have been found superior to the white in 
productiveness and in beauty of appearance. At the Georgia 
Station soja-bean forage was relished by stock and was 
more easily cured than cowpea vines. The yield of soja bean 
forage, exclusive of beans, was at the rate of 2,940 pounds 
of dry matter per acre, containing 88.2 pounds of crude fat, 
438.06 pounds of crude protein, 730.29 pounds of fi ber, 
1,143.36 pounds of nitrogen-free extract and 186.39 pounds 
of ash. Analysis showed the beans to be much richer than 
cowpeas in protein and fat but poorer in starchy matters. One 
hundred pounds of air-dry beans contained 25.86 pounds 
of nitrogen-free extract. The nutritive ratio is very narrow. 
This very high percentage of fat and protein makes soja 
beans a suitable substitute for cotton-seed meal and linseed 
meal and other concentrated and costly feeding stuffs which 
dairymen often fi nd it necessary to purchase. Soja bean meal 

without any admixture was relished by milk cows at the 
Massachusetts Hatch Station.
 “The soja-bean plant has been advantageously used for 
hay, for soiling, and for silage, and is believed to have, in 
common with most cultivated leguminous plants, the power 
of obtaining some of its nitrogen from the air, and hence 
acting as a soil renovator.”
 Note: This is the earliest English-language document 
seen (Oct. 2006) that contains the term “cowpea vines” 
(or “cowpea vine”). Address: Director of the Offi ce of 
Experiment Stations [USDA, Washington, DC].

69. Brooks, William P. 1895. The Agricultural Division. 
Massachusetts (Hatch) Agricultural Experiment Station, 
Annual Report 7:7-16. Jan. See p. 13-14.
• Summary: A table (p. 13) compares the composition of 
“American average of corn silage” with “Millet and soya 
bean silage.” The author concludes: “It will be noted that the 
millet and soya bean silage is considerably richer than the 
corn silage in protein, which is the most valuable portion of a 
fodder,–the nitrogenous portion.” The two fodders contained 
11.25% vs. 8.0% crude protein on a dry matter basis.
 The section titled “Soya beans” (p. 13) states: “We have 
continued to experiment with a number of varieties of this 
crop. We fi nd three of value, and these we call ‘Early White,’ 
‘Medium Green’ and Medium Black.’ The seed of all was 
originally brought from Japan [by Brooks in late 1889; See 
Brooks 1890, p. 14, 16]. The fi rst is the most reliable for 
seed production in this vicinity, though neither of the others 
has failed to ripen every season during the last 6 years. 
The ‘Medium Green’ appears to be the most valuable for 
ensilage. This has given a yield of rather over eight tons per 
acre when ready for the silo...
 “Pot experiments in the culture of three varieties of the 
soya bean, employing for each soil from our own grounds 
and soil from a locality where this crop had never been 
grown, were carried out in 1893. The pots were variously 
fertilized in two parallel series for each kind of soil. To the 
soil of every pot in one series for each kind of soil a little 
dust from the fl oor where soya beans had been thrashed was 
added. The object aimed at was to determine whether the 
addition of this dust, which, it was known, must contain in 
abundance the germs of the tubercle bacillus peculiar to soya 
bean roots,–the bacillus which gives the plant the power to 
fi x atmospheric nitrogen,–would affect the development of 
root tubercles and the growth and yield of the plants. The 
results were striking. From a very early stage, the plants in 
the pots to which a pinch of dust from the threshing fl oor 
had been added were of a markedly greener color and more 
vigorous. The weight of both vine and seed from such 
pots was larger. Upon examination after harvest the roots 
were found to have a far greater number of tubercles. The 
important point here is, that the tubercle development is 
coincident with greater vigor.
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 “Out-of-door experiments of a similar nature upon a 
large scale have been tried in the fi eld this year. Upon ½ of 
a number of areas similarly fertilized throughout, a small 
quantity of earth from a fi eld where soya beans had been 
cultivated for several years was scattered; the result in every 
instance was a marked increase in crop.
 “Soya beans, as well as other leguminous crops, 
sometimes fail to assimilate atmospheric nitrogen to any 
great extent when fi rst cultivated in a neighborhood. This is 
frequently, no doubt, because the appropriate tubercle bacilli 
are not present in suffi cient numbers. They will usually 
increase from year to year, and when they become abundant, 
success will be more certain. It may sometimes pay to import 
a small quantity of earth from a locality where the crop does 
well, for the purpose of securing a supply of the needed 
bacilli.”
 Note 1: In “Soybeans: The Success Story,” (1990) 
Prof. T. Hymowitz describes this inoculation experiment 
in its historical perspective as follows: “In 1893... Brooks 
then conducted what is considered a classic experiment. He 
placed never before cropped soil into pots and planted seed 
from three soybean cultivars originally from Japan. In one 
series of pots he added a pinch of dust collected from the 
fl oor where soybeans had been thrashed and the other series 
of pots were his control. The results were striking. In the 
pots receiving a pinch of dust, the plants were greener, more 
vigorous, and the seed yields much larger than the controls. 
In addition, the roots of the plants that received the pinch 
of dust were found to contain nodules. Soil from Brook’s 
experiment was sent to New Jersey and Kansas stations and 
his results were confi rmed.”
 Note 2. It is not absolutely clear how the tubercle bacilli 
that Brooks used in his pioneering experiments arrived in 
America. They may well have arrived on the seeds that 
Brooks imported from Japan in 1889. These may have been 
the fi rst soybean bacilli in America. In 1897 David Fairchild 
“wrote to Japan and imported several pounds of soil from a 
soybean fi eld” (Fairchild 1948, p. 14).
 “A considerable number of miscellaneous crops have 
been under trial on a small scale. The more important of 
these are the following: mummy pea, Canada fi eld pea, 
blue-stem wheat, naked black barley, Japanese naked barley, 
Japanese barley, Japanese clover, dwarf Essex rape, spurry, 
fl at pea (Lathyrus sylvestris), and alfalfa.” Details are given 
on four of these.
 “Soya bean meal [probably ground whole soybeans] 
compared with gluten meal” (p. 16). The two were tested as 
“part of a ration for milch cows. The results do not indicate 
any considerable difference. Cream separated by the Cooley 
submerged system is more perfect in the milk from cows 
receiving the bean meal. The line of demarcation is far more 
distinct, and the cream is thicker and richer in fat.”

70. Farmers’ Review (The) (Illinois). 1895. Planting soy 

beans. June 5. p. 256, col. 1.
• Summary: “The North Carolina experiment station says: 
Do not sow soy beans broadcast, but plant in hills or drills 
2½ or 3½ feet apart, according to the richness of soil. If in 
hills, 15 to 24 inches is far enough apart in the row. They 
will doubtlessly grow on any soil suitable for corn. and 
may be planted at the same time as corn, which gives a long 
season from March to July. It is a good plan to plant in the 
corn between the hills or stalks of corn. If corn is grown for 
silage, the beans can be cut with the corn and will add greatly 
to its value. The upright growth of soy beans leaves room for 
cultivation, and this should be accorded to check the growth 
of weeds. As food for stock the soy bean is one of the richest 
legumes that can be grown. In chemical composition the dry 
matter of silage and black pea vine hay differ more in fat and 
other carbohydrates than protein. The roots bear numerous 
tubercles, which aid it by gathering nitrogen from the air the 
same as those of the pea vine or clover roots.
 “There are no spreading by running vines to shade 
the ground, which is one of the potent factors in soil 
improvement, hence soy beans must be planted near enough 
for shade. On poor soil there should be one plant every 2 x 
1 feet and from that up to 2 x 3½ feet. It is usual to plant 2 
to 4 beans in a hill, as it makes the stems fi ner, and they are 
hard and woody at best. To save the seed the stalks should 
be pulled or cut and stacked up loosely as soon as leaves and 
pods have changed from green to a golden hue, and when dry 
threshed out. The pods should not be hand picked, because 
there are too many and with only one to three beans in a pod 
it will not pay. They will beat out very easily when ripe and 
dry, as he who leaves them too long will learn to his cost, for 
the pods will open and the beans scatter upon the ground. 
This is a most desirable plant to raise for stock. It is also a 
good table bean, but requires a long time in cooking, and 
most people have to learn to like its fl avor.”

71. Atkinson, Edward. 1895. Improvement of cotton. New 
England Cotton Manufacturers’ Association, Transactions 
No. 59. p. 110-48. Morning session, 24 Oct. 1895.
• Summary: “In the course of my studies I observed that in 
India and China, the chief cotton producing countries outside 
our own, the principal food of the working people consisted 
of rice and beans or peas; in Mexico of corn and beans; in 
Japan of rice or barley and beans; in Egypt of millet and 
lentils, and so on, each race having discovered by a process 
of natural selection that where meat is scarce or as in India 
forbidden to many races, the source of muscular energy 
had been found in some variety of the leguminous plants 
which supply the nitrogenous element of food to which 
the physiologists impute the greatest source of muscular 
energy. Now it appears that in the order of nature and in 
the conservation of energy these legumes give homes to 
the bacteria by whom the nitrogen of the atmosphere is 
dissociated and is thus converted to the nutrition of soil, 
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plant and beast, and fi nally of mankind.
 “There are in India and Japan many varieties of upland 
rice which require no irrigation; there are many varieties of 
legumes of which we know little. I imported from China for 
your exhibition of 1881 two or three bushels of soya beans 
which were there distributed; that variety has become one 
of your most valuable forage plants.” Address: President, 
Boston Manufacturers’ Mutual Fire Insurance Co., Boston, 
Massachusetts.

72. Nature (London). 1895. Hermann Hellriegel. 
53(1358):11. Nov. 7. [1 ref]
• Summary: Hellriegel’s obituary in English. “Prof. Hermann 
Hellriegel, whose death took place at Bemburg, Anhalt, on 
September 24 last, was born at Pegau, Saxony, on October 
21, 1831, so that he was within a month of completing his 
sixty-fourth year. His life, on the whole, was uneventful, 
for he devoted himself with studious zeal almost entirely 
to investigations, both chemical and physiological, into the 
phenomena of plant nutrition. One of his earliest offi cial 
posts was that of Director of the Agricultural Experiment 
Station at Dahme, in Brandenburg, which was founded 
in 1857 by an association of agriculturists in Jüterbog-
Rückenwalder. During his tenure of this post he studied 
experimentally the alimentary needs of certain plants which 
are cultivated as fi eld crops, notably cereals, potatoes, and 
sugar-beet, his method involving the use of sterilised soil, 
both by itself and with the addition of various chemical salts. 
His physiological inquiries embraced observations on the 
growth and development of roots, on the quantity of water 
used in the growth and maturation of fi eld crops, and on the 
minimum amounts of nitrogen, phosphoric acid, potash, 
and other ingredients required by plants. Supplemented 
by observations on crops grown in the open fi eld, these 
investigations led Hellriegel to conclusions of great practical 
importance, notably in connection with sugar-beet, a crop 
which Germany grows more extensively than any other 
European country, its annual average area for the last twelve 
years having been 800,000 acres, or more than one-fourth of 
the entire European acreage.
 “It was with no little regret that in 1873 Hellriegel 
gave up his directorship at Dahme, though for a post with 
greater emoluments. But his capacity as an investigator 
had made its mark, and when in 1882 the Verein für 
Zucker-Industrie, in co-operation with the Government of 
the Duchy of Anhalt, established an experimental station 
at Bernburg, for the special investigation of problems 
bearing upon the cultivation of sugar-beet, it was felt that 
Hellriegel possessed special and peculiar claims to the 
directorship, which was accordingly offered to him. He 
accepted with avidity a post which enabled him again to 
devote his time and energy solely to those investigations 
into plant-life, which had previously exercised upon him so 
strong a fascination. The station at Bernburg is admirably 

equipped, and Hellriegel found himself in a position to at 
once resume his inquiries into the nutrition of leguminous 
plants, a subject that had previously received his attention 
at Dahme. It was here that after a dozen years’ work 
he, in collaboration with Dr. Wilfarth, made the great 
discovery with which his name will ever be inseparably 
associated, namely, the capacity of leguminous (or at least of 
papilionaceous) plants to take up, or fi x, through the agency 
of the micro-organisms of their root-nodules, the free or 
uncombined nitrogen of the atmosphere. The intimation–the 
revolutionary announcement–of this startling discovery 
was made on September 20, 1886, in a communication to 
the Naturforscher Versammlung, held at Berlin, and over 
the agricultural chemistry section of which Dr. (now Sir 
Henry) Gilbert happened to be presiding–a coincidence of 
exceptional interest in view of the circumstance that Sir 
Henry Gilbert was one of the joint authors of the celebrated 
memoir by Lawes, Gilbert, and Pugh, ‘On the sources of the 
nitrogen of vegetation, with special reference to the question 
whether plants assimilate free or uncombined nitrogen’ (Phil. 
Trans. 1861), which, at the time of its appearance, and for 
long after, was regarded as setting at rest the question as to 
the capacity of plants to assimilate the free nitrogen of the 
atmosphere, and of confi rming upon this point the negative 
results previously obtained by Boussingault. Hellriegel’s 
momentous discovery furnished an explanation of the 
long-known fact that a clover-crop leaves the soil richer in 
nitrogen than it fi nds it, and is therefore a suitable crop to 
precede the wheat–crop in a rotation, clover being–as we 
now understand through Hellriegel’s discovery–a nitrogen-
accumulating plant, and wheat a nitrogen-consuming one. 
Indeed, the fact itself is a very old one, for it was observed 
by the farmers of the Roman Republic that beans, lupins, 
vetches, and other plants belonging to the sub-order 
Papilionaceæ, as now defi ned, rendered the soil ‘more 
fruitful, for the crops that followed. But nearly 2000 years 
elapsed from the time when Varro recorded this, to that when 
Hellriegel, a brief nine years ago, supplied the explanation. 
It in no way detracts from the value and signifi cance of the 
discovery that Hellriegel and Wilfarth should have happened 
upon it in the course of investigations which were really 
directed to quite a different object. Those who devote their 
lives to research are not unaware that gems, hitherto unseen, 
may sometimes be picked up on the wayside.
 “We have spoken of Hellriegel’s discovery as 
revolutionary, and it certainly upset a long-cherished 
belief. The opposition which his announcement received at 
the outset was a testimony to its importance. Subsequent 
research, both in Europe and in North America, has, 
however, only strengthened the position which Hellriegel 
took up, whilst it has suggested new lines of investigation 
for which there will probably be no lack of workers. 
Bréal, Frank, Hiltner, Lawes and Gilbert, Schloesing fi ls 
and Laurent, are but a few of the investigators who have 
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proved the accuracy of the discovery–made at Bernburg. In 
recognition of his work, Hellriegel was elected an honorary 
member of the Royal Agricultural Society of England, a 
rare distinction, which he enjoyed in common with such 
continental workers as Pasteur, Fleischmann, and Chauveau. 
In France his merits were recognised by his election as a 
foreign associate of the Société nationale d’Agriculture, and 
as a Correspondant of the Academy of Sciences.”
 Soy is not mentioned.

73. Caron, A. 1895. Landwirtschaftlich-bakteriologische 
Probleme [Problems concerning agricultural bacteria]. 
Landwirtschaftlichen Versuchs-Stationen 45:401-18. [5 ref. 
Ger]
• Summary: Soy is not mentioned. Address: 
Rittergutsbesitzer, Ellenbach.

74. Gilbert, Joseph Henry. 1895. Agricultural investigations 
at Rothamsted, England, during a period of fi fty years: 
Six lectures delivered under the provisions of the Lawes 
Agricultural Trust. USDA Offi ce of Experiment Stations, 
Bulletin No. 22. 316 p. [20 ref]
• Summary: Contents: 1. The experiments with root 
crops grown continuously; Barnfi eld, Rothamsted. 2. The 
experiments with barley grown continuously; Hoosfi eld, 
Rothamsted. 3. The results at experiments at Rothamsted 
on the growth of various leguminous crops for many years 
in succession of the same land; also consideration of the 
question of the fi xation of free nitrogen. 4. The experiments 
on the growth of wheat, for fi fty years in succession on the 
same land, Broadbalk fi eld, Rothamsted. 5. The experiments 
at Rothamsted on rotation of crops. 6. Experiments at 
Rothamsted on the feeding of animals for the production of 
meat, milk, and manure, and for the exercise of force.
 Page 9: “Thus the more systematic experiments at 
Rothamstead were commenced in 1843,...”
 A good illustration (frontispiece, portrait, facing the title 
page) shows the author, Sir J.H. Gilbert, who was born on 1 
Aug. 1817 at Hull, England. Soy is not mentioned. Address: 
Sir, Rothamsted, England.

75. Hellriegel, Hermann. 1895. Methods of sterilized sand 
cultures employed at the Bernburg Experiment Station. 
Experiment Station Record (USDA) 5(9):835-54.
• Summary: Contents: Introduction. Nitrogen as food of 
the legumes. Watering the sterilized cultures. Study of 
the acquisition of nitrogen by legumes: Mixed cultures, 
cultures in confi ned air in glass vessels... Phosphoric acid 
experiments.
 “The Bernburg Experiment Station is of especial interest 
to all students of agricultural science from the fact that here 
Prof. Hellriegel and his associates discovered the relation 
between microörganisms and the acquisition of atmospheric 
nitrogen by plants... The present paper describes the methods 

employed at the Bernburg Station when it is necessary 
to exclude bacteria and other microörganisms from the 
cultures.” The Bernberg experiments were conducted from 
1886 to 1888.
 The behavior of legumes “undergoes a marked change 
if certain microörganisms are added to the soil. When 
this is done the legumes thrive in sand free from nitrogen 
compounds and produce a normal yield. The entire amount 
of nitrogen required by the plant, exclusive of that in the 
sand, is supplied by the atmosphere. On examination the 
roots of these plants are found to be covered with the small 
knotty protuberances known as root tubercles. The roots of 
plants from which microörganisms have been excluded are 
found to be free from tubercles.”
 The author made observations of the factors infl uencing 
nodule production. “The best development and largest 
number of tubercles are attained in soils quite free of 
nitrogen, and if the soil contains very much nitrogen the 
formation of tubercles may be altogether suppressed even 
when the fungus necessary to produce them is present.” 
Seeds of various plants were tested, including Avena sativa 
[oats], Brassica rapa annua, Cannabis sativa [hemp], Vicia 
sativa and Lupinus luteus. Soy is not mentioned. Address: 
Prof., Bernburg Experiment Station [on Saale River, Halle 
Dist., eastern Germany].

76. Kirchner, O. 1895. Die Wurzelknoellchen der Sojabohne 
[The root tubercles of the soja bean]. Beitraege zur Biologie 
der Pfl anzen 7(2):213-23. [20 ref. Ger]
• Summary: Contents: Introduction: Review of the literature, 
creation of root nodules by inoculation with soil. Trials with 
potted plants: Introduction, trials with fodder-soybeans, trials 
with yellow soybeans. Trials in open land / fi elds: Review 
of the literature, form and structure of the root nodules, 
the nodule bacteria (Knöllchenbacterien), infl uence of the 
nodules on the development of the soybean plant. Summary 
and conclusion.
 This article begins: For several years I occasionally 
made the repeated observation in the Hohenheim Botanical 
Garden of the roots of soybean plants. Several varieties 
have been cultivated there in various spots for 10 years, yet 
I have never seen them to possess any root nodules, even 
though about 100 different types of papilionaceous legumes 
(Papilionaceen) which have been planted nearby all exhibit 
the normal root nodules. And one must assume that the same 
organisms which produce the nodules in the Papilionaceen 
in general, are widely distributed throughout the soil of the 
garden.
 In the literature at my disposal, I could fi nd no indication 
or evidence of the existence of root nodules on Soja hispida. 
Rather, the absence of these nodules is expressly indicated 
by Morck (1891) for the plants that were studied by him. 
Frank only observed the root galls (Wurzelgallen) occurring 
on the plant that were produced by Heterodera radicicola 
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[nematode]. Prof. [Alexander] Tschirch, on the other hand, 
wrote to me that he studied root nodules of Soja which he 
received from Egypt but has not published anything about it.
 Note: The previous sentence strongly implies that 
soybeans were in Egypt at about this time, and may have 
been cultivated in Egypt. They were fi rst introduced to Egypt 
in 1858, but no details about their cultivation have yet been 
given.
 Since as a result of the numerous new studies about 
the root nodules of Papilionaceae, the view is confi rmed 
again and again that those organs are not missing with any 
species of the cited family, even if from time to time single 
individuals do not possess them (footnote), I thus presumed 
that the absence of the nodules with Soja that I have 
observed in this botanical garden here is perhaps associated 
with a not completely normal development of the plants 
outside of their original natural habitat and in less favorable 
climatic conditions, and in the autumn of 1891, I turned to 
the Court Counselor Prof. O. Kellner, at that time Professor 
of Agriculture.
 Concerning names of the nodule bacteria (p. 220-21): 
Beyerinck named the organism Bacillus radicicola and 
Prazmowski named it Bacterium radicicola. Frank chose 
the name Rhizobium Leguminosarum; Kirchner believed the 
generic name Rhizobium to be invalid, so he proposed the 
new generic name Rhizobacterium.
 It is just that then, technical reservations have to be 
asserted about the name Rhizobium which was chosen by 
Frank in that earlier on, a genus of aphids received the name 
Rhizobius from Burmeister (1839) which up until now has 
remained valid. This circumstance leads me to the proposal 
to replace the Franconian name with the more indicative 
Rhizobacterium (footnote), a genus which encompasses more 
numerous species than that which was called Rhizobium 
leguminosarum by Frank and Bacillus radicicola by 
Beyerinck, which possesses too broad of a scope. For the 
species that I have observed and described, which I call 
Bacterium (Rhizobacterium) japonicum n. sp., the following 
diagnosis results: cells rod-shaped, mostly slightly curved, 
3.2 to 3.6 microns long, 0.8 microns thick, with granular 
content that emerges when stained with aniline dye stain, 
without the power of movement; colonies on nutrient gelatin 
growing slowly; forming small, raised, round droplets that 
do not liquefy the gelatin of a translucent, whitish color 
and paraffi n-like appearance. Lives in the soil in Japan and 
produces the root nodules in Soja hispida Mnch.
 He then gives a detailed taxonomic description of the 
organism. Note: This is the earliest document seen (Aug. 
2018) that uses the species name japonicum for the soybean 
nodule bacterium.
 The Journal of the Royal Microscopical Society (Great 
Britain, for the year 1896, p. 204) summarizes this article as 
follows: “Having noticed that the roots of Soja hispida, when 
grown in Europe, do not produce tubercles, while they do in 

their native country of Japan, Prof. O. Kirchner devised the 
expedient of infecting them by growing them in soil obtained 
from that country. The device succeeded, and they produced 
abundant tubercles, thus showing that these must be caused 
by a microbe present in the soil. In anatomical structure the 
root-tubercles of Soja present the greatest resemblance to 
those of Phaseolus; the special microbe which produces 
them the author proposes to call Rhizobacterium japonicum, 
substituting this generic name for Frank’s Rhizobium.”
 Leonard (1923, p. 277) states: “Kirchner (1895) in 
observations made at Hohenheim, Germany, during a number 
of years failed to fi nd nodules on the soybean... On the other 
hand, Kirchner (in a footnote) refers to Cohn’s work at 
Breslau when he found nodules on the roots of plants of soy 
beans growing in soil to which no inoculating material of any 
kind had ever been applied.”
 Baldwin and Fred (1929, p. 144) state: “Kirchner, 
in 1895, studied the organism from soybean nodules and 
concluded that this organism is distinct from the others. The 
name Rhizobium japonicum was applied to it.” Hence, as 
late as 1970 the name of the soybean bacterium was given as 
Rhizobium japonicum (Kirchner)
 Allen and Allen (1981, p. 304) state: “The causal 
organism of soybean nodules was fi rst isolated and described 
by Kirchner (1895). He was probably also the fi rst Westerner 
to use soil for the inoculation of soybeans.” Address: Prof., 
Dr., Hohenheim [Württemberg, Germany].

77. Nobbe, F.; Hiltner, L.; Schmid, E. 1895. Versuche 
ueber die Biologie der Knoellchenbakterien der 
Leguminosen, insbesondere ueber die Frage der Arteinheit 
derselben [Studies on the biology of the root bacteria of 
legumes, especially on the question of their basic types]. 
Landwirtschaftlichen Versuchs-Stationen 45:1-27. [18 ref. 
Ger]
• Summary: The researchers studied the adaptability of 
strains of legume bacteria from different genera of plants; 
they concluded that the bacteria in the nodules of all legumes 
were strains of the same species.

78. Brooks, William P. 1896. Report of the Agriculturist. 
Massachusetts (Hatch) Agricultural Experiment Station, 
Annual Report 8:11-42. Jan. See p. 34-36.
• Summary: The section titled “Soja beans” lists three 
varieties grown at the station: (1) Early White. Yield: 18.25 
bu/acre of seed. Ripens well but the yield is rather small. 
(2) Medium Black. 14 bu/acre of seed or 12,922 pounds per 
acre of forage for silage. “It is better for fodder than the early 
white, but appears to be much inferior to the medium green 
variety for that use.” (3) Medium Green. Yield: 14 bu/acre of 
seeds and 20,644 pounds per acre of fodder. “A very valuable 
fodder variety, either for feeding green or for the silo. It is a 
rich nitrogenous feed, and (or great importance) it can take 
much of its nitrogen from the air. Its roots here are very 
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thickly covered with tubercles containing the bacilli which 
give it this power.”
 One table (p. 35) compares the composition of “Medium 
green soja bean” with that of “Longfellow corn fodder” as 
follows: Dry matter: 30.16 vs. 27.81%. Protein 19.35 vs. 
9.79%. Fat: 3.87 vs. 3.25%. Cellulose 23.51 vs. 18.27%. 
Carbohydrates 40.30 vs. 63.11%.
 “The protein is classed as a fl esh former, the other 
substances above named are fat and heat producers. The fl esh 
formers and the fat of fodder are the most valuable of these 
constituents... On the farm here our average yield of corn 
fodder is about 16 tons per acre, while the green soja bean 
gave this year a little over 10 tons.” A second table gives 
“Food constituents per acre (pounds)” for “Green soja beans” 
vs. “Longfellow corn”: Flesh formers: 1,167 vs. 871. Crude 
fat: 233.4 vs. 290.1. Fibre: 1,1418.1 vs. 1,626.0. Fat and heat 
producers: 2,430.9 vs. 5,616.8.
 “Silage made from either barn-yard millet or corn and 
medium green soja bean, in the proportion by weight of 
about two parts of either of the two former to one of the 
latter, makes a perfectly balanced ration for milch cows, 
without grain or other feed of any kind.”
 At the beginning of this report we fi nd: “It is proper, 
in making this fi rst report of the Hatch Experiment Station 
since its consolidation with the State Experiment Station, 
that its history and organization should be briefl y outlined 
and made a matter of permanent record. The State station 
was established by act of the Legislature in 1882, with Prof. 
Charles A. Goessmann as director. Though located on the 
college grounds and making use of its land for purposes 
of experiment, it had no direct connection with it, but was 
governed by its own board of control. Up to the time of 
consolidation twelve annual reports had been issued and 
fi fty-seven bulletins...
 “The Hatch Experiment Station was established 
under act of Congress, Public No. 112, Feb. 25, 1887... 
In 1894 an act was passed by the General Court, chapter 
143, to consolidate the Massachusetts Agricultural 
Experiment Station with the Experiment Department of the 
Massachusetts Agricultural College.” Address: Amherst, 
Massachusetts.

79. Goessmann, Charles A. 1896. Report of the Chemist. 
Department of fertilizers and fertilizer materials. Part 
I. Report of fi eld experiments. Massachusetts (Hatch) 
Agricultural Experiment Station, Annual Report 8:111-46. 
Jan. For the year ending June 30, 1895.
• Summary: A late maturing variety of soja bean was fi rst 
raised in 1892 in order to answer the question: “To what 
extent does the cultivation of soja bean, a clover-like plant, 
benefi t the resources of available nitrogen plant food of the 
soil after the removal of the crop at the close of the season 
(for ensilage)?...
 “It appeared from the results that the introduction of a 

leguminous crop [soja bean] into our rotation had somewhat 
reduced the difference in yield between the plats receiving 
no nitrogen and those receiving it, yet had not entirely 
obliterated it. It was decided to continue the observation by 
repeating the raising of soja beans in 1894 and oats in 1895.”
 Soja beans were also raised in 1894 and 1895. The fi nal 
conclusion was: “The conditions of the different plats are 
apparently materially the same to-day as they were two years 
ago. The raising of soja beans has not changed the results for 
the better. It remains to be seen whether the ploughing under 
of a leguminous crop, serving as green manure, will affect 
the results.” Address: Ph.D., LL.D., Amherst, Director of the 
Station.

80. Saechsische Landwirtschaftliche Zeitschrift. 1896. 
Bodenimpfung fuer Anbau von Leguminosen [Inoculation of 
soils for culture of legumes]. 44(9):90-92. Feb. 29. [Ger]
• Summary: Discusses the work of Hellriegel, Prof. F. Nobbe 
and L. Hiltner. Soy is not mentioned.

81. Standard (The) (London, England). 1896. Agriculture at 
home and abroad. May 12. p. 2, col. 3.
• Summary: “Some experiments in the use of the new 
inoculating material, ‘Nitragin,’ for promoting the growth 
of leguminous crops by enabling them to utilise the nitrogen 
of the atmosphere, are to be carried out by the Royal 
Agricultural Society on the experimental farm at Woburn, 
and on a larger scale on the estates of two or three members 
of the Council. This inoculating material contains some of 
the microbes which have been discovered as the agents by 
which free nitrogen is converted into combinations suited to 
assimilation by plants.”
 Note: This is the earliest document (and the earliest 
British newspaper) seen (Oct. 2018) that mentions 
“Nitragin.”

82. Trimble, Henry. 1896. Recent literature on the soja bean. 
American J. of Pharmacy 68:309-13. June. [12 ref]
• Summary: One of the best early reviews of the literature, 
especially the Japanese and European literature, published 
in the United States. This paper introduced several new 
soyfoods (such as natto and kori-dofu) to the United States 
Contents: Introduction. Nutritional composition of the soja 
bean based on analyses of 5 samples from China, Hungary, 
France, and Japan. Diastatic enzyme / ferment “present in the 
soja beans to a greater extent than in many other leguminous 
seeds (see Güssmann 1890). Composition of etiolated soja 
shoots [sprouts]. The oil [of the soja bean]. Starch content. 
Sugar content. Use of soybeans as food in Japan. Miso. 
Natto. Tofu. Kori-dofu. Introduction of the soja bean to the 
United States in about 1888. Ability to obtain nitrogen from 
the air.
 Note. This is the earliest English-language document 
seen (Jan. 2013) that uses the term “etiolated soja shoots” to 
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refer to soy sprouts.
 “The immediate excuse for the appearance of this paper 
is the fact that a number of contributions have recently 
appeared on the soja bean, notably from the College of 
Agriculture, Imperial University of Japan.”
 “The oil may be extracted by pressure or by means 
of solvents [in the laboratory]; it is said to possess some 
laxative properties, is of a yellowish brown color, and 
has a slightly aromatic odor; it is intermediate between 
the drying and non-drying oils.” The following constants, 
based on Stingl and Morawski (Chemiker Zeitung, 1886, 
p. 140) are given: “Specifi c gravity at 15ºC: 0.924. Point 
of solidifi cation: 8-15ºC. Fusing point of the fatty acids: 
27-29ºC. Point of solidifi cation of fatty acids: 23-25ºC. 
Temperature rise: 59ºC. Iodine number: 121.3. Iodine 
number of the fatty acids: 122. Saponifi cation number: 
192.5. Note: Trimble actually got these constants from J. of 
the Society of Chemical Industry, 31 May 1893, p. 453-54, 
which summarised an Italian-language article by De Negris 
and Fabris (1891), whose values confi rmed those obtained by 
Stingl and Morawski.
 Trimble (p. 311-12) gives a good, detailed description 
of natto based entirely on Yabe (1894). Parts of his 
summary perceptive: “Yabe found in this substance four 
kinds of microbes present, and he believes the chemical 
decomposition of the proteids to be due to one or more of 
these microbes... A chemical investigation by the author just 
mentioned [Yabe] revealed tyrosine, peptone, guanine, leucin 
and xanthine. The total proteids amounted to considerably 
more in the natto, when allowance is made for moisture, than 
existed in the original bean, and the artifi cial product is also 
considered to be much more digestible.”
 Concerning tofu and soymilk: “A still more interesting 
preparation of the soja bean than either of the preceding 
[miso and natto] is tofu. This has been described and 
investigated by M. Inouye (Bulletin Imp. College of 
Agriculture, Vol. 2, No. 4 [1895]). The beans are fi rst soaked 
for about twelve hours in water, and then crushed between 
two millstones until a uniform pulpy mass is obtained. This 
is then boiled with about three times its weight of water, and 
fi ltered through cloth. The liquid fi ltrate is white and opaque, 
very closely resembling cow’s milk, while the odor and taste 
remind one of fresh malt. On standing, the liquid becomes 
sour from the formation of lactic acid, and a coagulation of 
the casein takes place. The freshly boiled and fi ltered liquid 
is coagulated either by the addition of a portion of the sour 
liquid which has been set aside from a previous lot, or it is 
treated with about 2 per cent of a concentrated brine, such as 
is obtained as mother liquor from the preparation of sea salt.”
 “Somewhere about the year 1888 the soja bean was 
introduced into the United States. It has been tried in a 
number of State Experiment Stations, and is gradually 
working into favor in the Southern States. In Kansas the 
plant has been found to withstand considerable drought... 

The plant is valuable for forage or soiling. The beans have 
been produced in South Carolina to the amount of 10 to 
15 bushels per acre. On account of their richness in oil 
they have been used as a substitute for cotton-seed meal in 
feeding cattle, with very satisfactory results.
 “The plant is believed to have, in common with most 
leguminosæ, the power of obtaining some of its nitrogen 
from the air, and hence, of acting as a soil renovator.”
 Note 1. This is the earliest document seen (Aug. 2013), 
published in the USA, that contains the word tofu, or kori-
dofu [dried-frozen tofu], or that discusses soymilk.
 Note 2. This is the earliest English-language document 
seen (March 2008) that contains the term “iodine number” 
(regardless of hyphenation or capitalization).
 Note 3. This is the earliest English-language document 
seen (Sept. 2016) that contains the word “drying” in 
connection with soy oil and its iodine number, or that states 
that soy oil is intermediate between the drying and non-
drying oils. Address: USA.

83. Standard (The) (London, England). 1896. Agriculture at 
home and abroad. July 6. p. 3, col. 1.
• Summary: “It is not too much to say that a new and 
splendid hope for agriculture arises out of the efforts now 
being made to utilise in practical farming the discovery of 
the organisms which tap the unlimited supply of nitrogen 
in the atmosphere for the use of leguminous plants. 
The manner in which this is being done is described in 
two articles published in the new number of the Royal 
Agricultural Society’s Journal, the fi rst by Dr. N.H.J. Miller 
and the second by Dr. J. Augustus Voelcker. Dr. Miller 
gives the results of some fi eld trials carried out in Germany 
during the last few years, the method pursued being that 
of taking soil known to be rich in nitrogen-accumulating 
organisms, spreading it over land in which they are defi cient, 
and harrowing it before a leguminous crop is sown. It is 
considered necessary to use 16? [illegible] cwt. [1 cwt. or 
hundredweight = 100 kg] of the inoculating soil per acre: 
but probably a larger quantity would prove more benefi cial. 
The results of thus inoculating nearly barren land have been 
astonishing in some cases, the crops having been much more 
than twice as great as they were on the land not treated, and 
in one case over fi ve times as great. But the method is a 
cumbrous one, and it has the disadvantage of involving the 
robbing of one fi eld for the purpose of enriching another. 
Therefore, the trial this season of what may be described as 
concentrated inoculation, as described by Dr. Voelcker, is 
to be welcomed, in the hope that it will prove in all respects 
preferable to the other plan of operations. Dr. Nobbe, a 
well-known Professor of Chemistry, of Tharandt, Saxony, 
has produced a preparation which he has named ‘Nitragin,’ 
obtained by ‘pure cultivation’ of the bacteria found in the 
nodules of the roots of different kinds of leguminous plants, 
such as beans, peas, lupins, and the clovers. The preparation, 
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now a commercial product, consists of colonies of the 
bacteria on agar-gelatine, enclosed in sealed bottles, each of 
which contains organisms enough for half an acre of land, 
the price being half-a-crown [1 crown = 5 shillings]. There 
are two methods of applying the preparation. One is that 
of diluting it with a small quantity of water, and sprinkling 
the liquid over the seed of the crop to be sown. The other 
consists in the dilution of the ‘nitragin’ with a larger quantity 
of water, and moistening with the mixture about 56 lb. of 
soil, which is dried, and afterwards mixed with more soil, 
the whole being spread carefully over the land, and buried 
about three inches deep by cultivation. The latter method is 
deemed preferable, as more likely to bring the organisms into 
contact with the rootlets of the young plants produced by 
the seed. It is hoped that by either system of soil inoculation 
land now ‘clover sick’ will be rendered fertile for clover 
at shorter intervals than have been allowed at present. In 
Germany, clover and other leguminous crops, grown with the 
help of soil inoculation, are ploughed in when green, greatly 
enriching the land for succeeding crops...”

84. Cromwell Argus (New Zealand). 1896. Items. Oct. 6. p. 
3.
• Summary: “An American authority states that nitrogen 
from the air can be got without money and without price 
suffi ciently to manure grain crops. It is because alfalfa, 
clover, soy beans, and other leguminous plants have the 
power to take nitrogen from the air and also from the subsoil; 
that growing these crops in rotation with grain, especially 
wheat, oats, and rye, avoids the expense and necessity of 
applying nitrogen to the grain crops.”

85. Cultivator & Country Gentleman (The). 1896. Cow peas 
and soja beans. 61(2282):823. Oct. 22.
• Summary: “Mr. J.H. Hale of Connecticut sowed a great 
part of his vacant land this season with cow peas and soja 
beans for green manuring. Writing the last of August in the 
Hartford Courant, he said that peas sown the fi rst week in 
July and cultivated three times had a thick mass of plants 
2½ to 3 feet in height, and rows nearly as broad, while those 
planted the last of the month were scarcely six inches high. 
Sown side by side, the peas made double the growth of the 
beans. The root tubercles, necessary for the gathering and 
storing of the free nitrogen of the air, are more abundant and 
larger on the peas than on the beans–in fact, on many of the 
beans there were none, while abundant on the roots of peas 
only three feet away. Judging from this year’s experience 
alone, Mr. H. would not sow the beans again, but they 
have grown so luxuriantly in years past that there must be 
something in the season this year to account for their lack 
of vigor, while the peas are a sight to behold. The many 
acres covered with tons upon tons of dark foliage rich with 
nitrogen, indicate clearly that the old farm has been growing 
richer rapidly while we have been at other lines of work.”

86. Voelcker, J. Augustus. 1896. “Nitragin,” or the use of 
“pure cultivation” bacteria for leguminous crops. J. of the 
Royal Agricultural Society of England 7(26):253-64. Third 
Series.
• Summary: Begins with a detailed discussion of the 
development and commercialization (by Feb. 1896) of 
Nitragin, and the research of Messrs. Hellriegel, Wilfarth, 
and Prof. Nobbe of Tharland, Saxony.
 “How leguminous fi eld crops obtained their supplies 
of nitrogenous plant food, and enriched the soil in these 
constituents for the succeeding crop, while themselves 
seemingly independent of nitrogenous manuring, was, until 
the recent discovery of Hellriegel, a question that baffl ed 
scientifi c investigators. While the earlier experiments of 
Boussingault, confi rmed as they were by those of Lawes, 
Gilbert, and Pugh in 1857, led to the conclusion that plants 
could not assimilate the free nitrogen of the atmosphere, it 
remained a fact well known to practical men that a clover 
crop, under favourable conditions, grew well without any 
nitrogenous manuring whatever, and that nothing proved 
such a good preparatory crop and manuring for wheat–an 
essentially nitrogen-requiring crop–as did clover. As long 
ago as 1868 the late Dr. Voelcker, in a paper on ‘Clover 
as a Preparatory Crop for Wheat’ (Journal R.A.S.E. 1868, 
2nd Series, Vol. IV. p. 377), showed, as the result of direct 
experiments, that, during the growth of clover, nitrogenous 
organic matter was stored up in the soil; that this increase 
took place where root fi bres were most abundant; and 
that the nitrogenous matter gradually decayed and formed 
nitrates, in which state they were ready to be taken up by the 
succeeding corn crop. Moreover, he indicated his belief that, 
in some as yet unexplained way, the atmosphere contributed 
directly to the accumulation of nitrogen in the soil in the 
case of a clover crop. In 1886, however, Hellriegel, with 
his fellow-worker Wilfarth, supplied the true explanation, 
viz., that certain leguminous crops, amongst which are 
all those generally cultivated as fi eld crops, are able, by 
means of ‘nodules’ which form on their roots, to fi x the free 
nitrogen of the atmosphere. Further, the precise nature of the 
nodules was ascertained in 1888 by Beyerinck, who found 
that the nodules of even the most widely different kinds of 
leguminous plants contained bacteria, which agreed so nearly 
with one another in their external properties that he described 
them as belonging all to one species, to which he gave the 
name Bacillus radicicola.
 “Such a discovery as that of Hellriegel naturally turned 
the thoughts of investigators to the consideration of the 
bearing it would have upon the practice of agriculture, 
and how it might be utilised. The name of Dr. Nobbe, 
the distinguished professor of Tharand, Saxony (and 
himself–like Hellriegel–an honorary member of the Royal 
Agricultural Society of England), has been chiefl y associated 
with this development, more especially since Hellriegel’s 
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lamented death. If the conditions had been discovered 
under which leguminous crops could assimilate the free 
nitrogen of the atmosphere, was it not possible to ensure 
that these conditions should be always present, and that the 
atmosphere should be, as it were, laid under contribution to 
supply gratis, for the benefi t of crops, that nitrogen which it 
contains in such abundance, but which is practically sealed 
to all crops save those leguminous ones which possess, under 
the aforesaid conditions, the power of fi xing it? This was 
the question which Nobbe set himself to solve, and with the 
result that as recently as February 19 of the present year, at a 
meeting of the German Agricultural Society held in Berlin, 
Dr. H. Theil was able to make the interesting communication 
that Nobbe’s work had culminated in the production, on a 
commercial scale, of bacteria for agricultural purposes. It 
was further announced that arrangements had been entered 
into with the Farbenwerke (vormals Meister, Lucius, und 
Brüning), Höchst-on-the-Main, one of the largest fi rms 
of chemical manufacturers in Germany, whereby the 
preparation of special inoculating materials for particular 
leguminous crops was to be carried out at these works, and 
that in a short time the works would be able, as a matter 
of business, to supply the preparations to anyone who 
might apply. To the leguminous inoculating material the 
name ‘Nitragin’ was given, and the designation was duly 
registered. Though apparently so like the English word 
‘nitrogen,’ ‘nitragin’ must not be confounded with it,...”
 The product has just started to be made commercially 
by Höchst Farbenwerke in Höchst on the Main, Germany. 
The author went there in order to learn as much as possible 
about the new product and its development, and to bring 
back samples to England, which he has done. It is now being 
tested in Germany and England. Nobbe found that each 
type of plant needs its own type of bacteria. Today, bacteria 
are being made commercially for 17 different types of 
leguminous plants (which are listed on p. 259); the soy bean 
is not among these. They are: “1. Pea (Pisum sativum). 2. 
Field pea (Pisum arvense). 3. Vetches or tares (Vicia sativa). 
4. Field bean or horse bean (Vicia Faba or Faba vulgaris). 
5. White lupins (Lupinus albus). 6. Yellow lupins (Lupinus 
luteus). 7. Blue lupins (Lupinus angustifolius). 8. Red clover 
(Trifolium pratense). 9. White clover (Trifolium repens). 10. 
Alsike (Trifolium hybridum). 11. Trifolium or crimson clover 
(Trifolium incarnatum). 12. Cow-grass (Trifolium pratense 
perenne). 13. Trefoil, yellow or “hop” clover (Medicago 
lupulina). 14. Lucerne (Medicago sativa). 15. Sanfoin 
(Onobrychis sativa). 16. Serradella (Ornithopus sativus). 17. 
Lathyrus sylvestris.
 “Others will be shortly added to the list, e.g. Kidney 
vetch (Anthyllis vulneraria), Bokhara clover Melilotus alba.
 “Each bottle as sold bears a differently colored label, 
according to the kind of crop it is intended for, and also the 
German and botanical name of the plant. The contents of 
a single bottle are suffi cient for securing the inoculation of 

about half an acre of the land on which the crop is to be sown 
and the present cost of a single bottle is M. 2.50, or about 2s. 
6d. in English money.”
 “The two principal precautions that must be taken with 
the material are (1) not to let it experience a heat greater than 
the body temperature (about 98ºF); and (2) not to let it be 
exposed to a strong light. Either of these would destroy the 
vitality of the bacteria, but if they be guarded against, the 
effi cacy of the contents may be prolonged for an indefi nite 
time.
 “The German name for the material is Impfdünger 
Leguminosen, ‘Nitragin’ (inoculating manure for leguminous 
plants).”
 The method of using the “Nitragin” in practical 
agriculture is described. The two basic methods are (1) 
inoculating the seed directly, and (2) inoculating the soil.
 One “of Dr. Nobbe’s former assistants at Tharand–Dr. 
Gesell–who was associated with him in the inquiry, has 
now been established at the Höchst Farbenwerke, and it is 
under his direction that the various forms of ‘Nitragin’ are 
prepared.”
 “The production of ‘Nitragin’ on a commercial scale 
having been of such a recent date, there has been little time 
as yet, even in Germany, to make fi eld trials with it under 
ordinary agricultural conditions. Nevertheless I was able 
to see, in one or two instances, fi eld trials which had been 
instituted, though it was still too early to come to any defi nite 
conclusion as to the infl uence of the inoculating process.” 
Address: 13 Hanover Square, W [London].

87. Naudin, Charles Victor. 1896. Botanique agricole–
Nouvelles recherches sur les tubercules des Légumineuses 
[Agricultural botany–New research on the tubercles of 
legumes]. Comptes Rendus des Seances de l’Academie des 
Sciences (Paris) 123:666-71. Meeting of Monday, 2 Nov. 
1896. [Fre]
• Summary: After a discussion of the work of Boussingault, 
Georges Villet, Hellriegel, Wilfarth, and Nobbe and Hiltner, 
the author mentions Rhizobium and notes that he has 
inoculated and planted members of 21 different leguminous 
genera, including Soja (p. 669). They grew well. He then 
puts forward a new theory of nitrogen fi xation by legumes–
which did not withstand the test of time.

88. Kerpely, Kalman. 1896. Légenygyüjtö növények és 
a talajojtás [Plants that collect nitrogen (papilionaceae) 
and soil inoculation]. Koztelek (Common Ground) 6(103-
04):1839-42. Dec. [Hun]
• Summary: Farmers still do not dedicate the amount of 
attention to the cultivation of plants belonging to the legume 
family (including, among others, clover, alfalfa, sainfoin, 
vetch, pea, and lupine) that they rightfully deserve on 
account of their many-sided uses. They are not only excellent 
as livestock forage, fodder, and hay, but are also exceptional 
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options as green manure and soil enhancers.
 The soil enhancing effect of legumes is due to the 
fact that after they are harvested, they leave the soil in a 
mature state that is easy to work with, they help get rid of 
weeds, they loosen the soil with their roots that penetrate 
deep into the ground, and, by way of their nitrogen-fi xation 
capabilities, are capable of increasing the soil’s nitrogen 
content.
 This latter characteristic of legumes is exceptionally 
important, especially in our conditions. This is especially 
true for the conditions we work with because there is only 
a very small number of farms that are capable of providing 
the cultivated land with the amount of manure it requires. 
Manure is primarily used to provide the soil with humus and 
thereby with nitrogen, and, if we are unable to provide the 
amount required, both the productiveness and the ability to 
cultivate the land will decrease. Although it is possible to 
mitigate the situation to some extent (as regards productivity) 
with the use of fertilizers containing nitrogen, it should, 
considering the fact that these fertilizers are quite expensive, 
become a principal to make their purchase superfl uous in 
as much as possible and to maintain, and in fact increase, 
the soil’s nitrogen content with the widespread production 
of legumes. This will help attain two goals: it will increase 
soil productiveness and will also maintain its ability to be 
cultivated, which, in my opinion, is just as important as the 
fi rst.
 My aim is not in the least meant to discredit the value 
of using nitrogen fertilizers amongst farmers, as, when used 
justifi ably, their application can be profi table. However, I do 
feel that it is my obligation to emphasize that the nitrogen 
content of soils should, in addition to the use of manure, 
primarily be increased with the cultivation of legumes since, 
while expensive fertilizers serve only to increase yields, 
legumes both increase yield and improve the soil. Moreover, 
this is true for all cases in which they are used, whether 
they are harvested for fodder or used as green manure. If 
the legume is ploughed under as a green manure, the fi xated 
nitrogen will be applied directly to the soil; if it is used 
as fodder, it will be returned to the ground as manure in 
addition to the large amount of stubble left in the fi eld.
 The question arises: what do we mean by nitrogen 
fi xation? Almost 80% of the air is made up of free nitrogen. 
With the exception of legumes, the crops we cultivate are 
unable to utilize this free nitrogen (which is not bound in a 
compound). They are only able to meet their demand from 
the bound nitrogen sources found in the soil. However, 
legumes are capable of processing the free nitrogen found 
in the air and converting into organic (i.e. bound) nitrogen. 
This provides a limitless source of nitrogen that does not 
cost the farmer a single penny. This is where the exceptional 
economic signifi cance of legumes lies. This is also the key to 
why all crops planted after legumes do so well.
 Legumes owe their nitrogen-fi xation capabilities 

to certain bacteria (Bacterium radicicola), with which 
they form a symbiotic relationship. These bacteria live in 
cultivated soil and penetrate the roots of legumes, where 
they proliferate and their effects cause thick nodules, called 
root nodules, to grow. This is also where free nitrogen is 
processed. Thus, free nitrogen in the air is processed by the 
bacteria in this symbiotic relationship, which is then used by 
the farmer to the benefi t of the crop.
 This means that legumes are only able to utilize the free 
nitrogen available in the air if such nodules form on their 
roots or, in other words, if these bacteria are present in the 
soil. If they are not, legumes act just as any other crops, and 
are forced to rely only on the nitrogen found in the soil.
 The bacteria required by legumes can be found in all 
good quality soils that are properly cultivated and supplied 
with manure. However, they are generally missing from 
acidic, moist, peaty, and humic soils, as well as from soils 
that were never subjected to cultivation (such as pastures). 
Additionally, there are greater amounts of such bacteria 
in cropland where legumes have already been extensively 
cultivated and vice versa.
 Thus, soil inoculation has been assigned such 
importance considering the imperative nature of the presence 
of these bacteria, if the bacteria required for nitrogen fi xation 
are artifi cially introduced via inoculation to soils where 
legumes have not yet been cultivated. For the purpose, 
2-3 hundredweight [one hundredweight is equal to about 
112 pounds] of soil on which the legume in question has 
been successfully cultivated a number of times has to be 
distributed and ploughed under per every cadastral jugerum 
[equal to about 1.4 acres; 1 square km = about 173.772 
cadastsal jugerum]. The earth to be used for inoculation 
has to be distributed and ploughed under before it dries out. 
Considering the fact that this process is both diffi cult and 
often quite expensive, the inoculant called “Nitragin” has 
recently become popular for such purpose.
 “Nitragin” fi rst made its appearance over the course of 
the past year: its producers and inventors, Dr. Nobbe and 
Dr. Hiltner, are German university professors. Nitragin is 
sold in well-sealed phials and is basically nothing more than 
nitrogen fi xating bacteria artifi cially propagated on gelatin, 
for which the raw materials are obtained from the nodules of 
legume plants. The contents of each phial are suitable for an 
area of about ¼ hectares [0.62 acres]. It should be dissolved 
in water and used to either directly immerse the seeds to 
be sown or mixed with 20 kg of soil, which is then to be 
distributed and ploughed under.
 Now let’s examine whether soil inoculation is essential 
in all cases or not.
 According to my experiences gained thus far, 
inoculation is not necessary on properly cultivated and 
manured cropland. On good quality brown sandy soil 
where lupine, yellow sweet clover, hairy vetch, serradella, 
or crimson clover had not previously been grown, the root 
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nodules were present on the roots even in the fi rst year, 
as illustrated by Figures 267, 268, and 269, which show 
the roots of white lupine, hairy vetch, and broad bean, 
respectively, in the fourth week following germination. I 
found walnut-sized root nodules on blue lupine sown on 
the loose sand in the land of Gergely Csáky, Debrecen 
landowner, even though no legumes had been cultivated on 
the plots before. Figure 273 displays the lupine used for seed 
production, which yielded 10-12 hundredweight of seed per 
cadastral jugerum. (Continued). Address: Hungary.

89. Kerpely, Kalman. 1896. Légenygyüjtö növények és a 
talajojtás [Plants that collect nitrogen (papilionaceae) and 
soil inoculation (Continued–Document part II)]. Koztelek 
(Common Ground) 6(103-04):1839-42. Dec. [Hun]
• Summary: Continued: When I sowed the above plants in 
soil where these plants had previously been grown, the root 
nodules were present not only in greater number, but also 
enveloped the roots at an even earlier stage. This means that 
the nitrogen fi xating nodules could be found on the legume 
roots even in the fi rst year of cultivation, and their number 
multiplies exponentially under repeated cultivation.
 Due to the reasons stated above, I do not consider 
soil inoculation to be necessary under regular conditions. 
However, it is a requirement if legumes are to be grown 
on soil where the bacteria necessary for nitrogen fi xation 
are missing or are present in only very small quantities. 
Such types of soil include loamy types of soils, on which, 
for example, soil inoculation provided excellent results in 
Germany. In addition, soil inoculation may also be justifi ed 
if a legume is to be forced to grow on a type of soil that does 
not meet its natural requirements, such as growing lupine 
or serradella on hard soil or peas on loose sand. In these 
cases, soil inoculation does have the result of promoting 
development and faster growth.
 Despite of the relatively good results achieved even by 
foregoing soil inoculation, I conducted experiments during 
the year with Nitragin on lupine, serradella, alfalfa, pea, and 
vetch. Since the delivery of the inoculant was late, I did not 
use it as recommended, but dissolved it in water and used it 
to water the germinated–but young–plants and had it hoed 
into the ground; however, I used it on vetch as prescribed. 
There was absolutely no apparent difference between 
the development of the plots where Nitragin was applied 
and where it wasn’t. Parallel to these experiments, I used 
Nitragin to treat lupine, broad bean, and serradella planted 
in very loose, yellow sand and in better quality brown sand 
in large containers. The application took place exactly as 
instructed, with the difference that I used the inoculant in 
large quantities. These containers were properly irrigated, 
and they did show a certain degree of difference, as visible 
in Figures 270, 271, and 272. However, considering the large 
amount of inoculant used, the difference is so small that it 
does not justify the use of Nitragin; the root nodules were 

present on the un- inoculated plants, as well. I will continue 
my experiments with Nitragin next year, as the results of 
only one year’s worth of experiments cannot be considered 
representative. However, I can safely say even now that 
under regular circumstances, the inoculation of the soil is not 
as important as originally thought.
 Figures: (267): The roots of white lupine with root 
nodules without soil inoculation, in the fourth week of 
development.
 (268): The roots of hairy vetch and “Victoria” pea with 
root nodules without soil inoculation, in the fourth week of 
development (vetch roots are to the left and pea roots are to 
the right).
 (269): The roots of broad bean with root nodules without 
soil inoculation, in the fourth week of development (the 
fi gure on the right shows the roots after the rootlets have 
been cut off to better show the nodules).
 (270): Soil inoculation experiment involving “Nitragin” 
on loose sand. The roots of white lupine (the fi rst has been 
inoculated and the second has not).
 (271): Soil inoculation experiment involving “Nitragin” 
on brown sand. 1. White lupine with and without inoculation. 
2. Broad bean with and without inoculation (the fi rst has 
been inoculated and the second has not).
 (272): Soil inoculation experiment involving “Nitragin” 
on loose sand. 1. White lupine with and without inoculation. 
2. Broad bean with and without inoculation (the fi rst has 
been inoculated and the second has not).
 Soy is not mentioned.
 Translated by Peter A. Gergay of San Francisco. 
Address: Hungary.

90. Phelps, C.S. 1896. Field experiments with fertilizers. 
Connecticut (Storrs) Agricultural Experiment Station, 
Annual Report 8:101-10. For the year 1895. See p. 106-07.
• Summary: The section titled “Experiment on soy beans” 
(p. 106-07) begins: “Two series of plots similar to those upon 
which the corn and cow peas were grown, were planted to 
soy beans.” A table titled “Special nitrogen experiment on 
soy beans” gives (for 10 plots, each 1/25th acre) the type, 
weight, and cost of fertilizer used, the yield of soy bean seed 
per plot and per acre (calculated), and the gain or loss over 
unfertilized plots.
 The best yield, 18 bushels/acre, was obtained on plot 
12 fertilized with mixed minerals plus 75 lbs of sulphate of 
ammonia. This was 7.2 bu/acre more than the unfertilized 
plot. On “one series of plots a few hundred pounds of soil 
were taken from a plot of ground where this crop had been 
grown the previous year, and where tubercles had developed 
freely. This was done in order to inoculate the new soil 
and cause the tubercles to develop... On the whole, the 
yields where the addition soil was used were not materially 
different from those where no soil was used. This was 
probably due to the fact that the tubercles did not make 
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suffi cient growth to infl uence the acquisition of nitrogen.”

91. Schulze, E. 1896. Untersuchungen ueber die zur Klasse 
der stickstoffhaltigen organischen Basen gehoerenden 
Bestandteile einiger landwirtschaftlich benutzten Samen, 
Oelkuchen und Wurzelknollen, sowie einiger Keimpfl anzen 
[Investigation on constituents of the class of nitrogen-
containing bases of some agricultural seeds, oil cakes, and 
root nodules, as well as some sprouts]. Landwirtschaftlichen 
Versuchs-Stationen 46:23-77. See p. 61-62. [2 ref. Ger]
• Summary: Soy is mentioned in a section starting on p. 
61 and titled “III. Organische Basen aus Keimpfl anzen. A. 
Cholin aus den etiolierten Keimpfl anzen von Lupinus luteus, 
Lupinus albus, Soja hispida und Cucurbita pepo” [III. 
Organic bases from sprouts. A. Choline from the etiolated 
sprouts of European yellow lupin, white lupin, soybeans, and 
squash / cucurbits].
 Note 1. Choline is a vitamin of the B complex, essential 
to liver function.
 Note 2. “Cucurbita pepo is a cultivated plant of the 
genus Cucurbita. It yields varieties of winter squash and 
pumpkin, but the most widespread varieties belong to 
Cucurbita pepo subsp. pepo, called summer squash.” Source: 
Wikipedia, at Cucurbita pepo (July 2014).
 Note 3. This research was conducted in connection with 
S. Frankfurt, E. Winterstein, and several other co-workers. 
Address: Aus dem Agrikulturechemischen Laboratorium des 
Polytechnikums, Zurich, Switzerland.

92. Goessmann, Charles A. 1897. Part I. Report on fi eld 
experiments. Massachusetts (Hatch) Agricultural Experiment 
Station, Annual Report 9:177-84. Jan. For the year 1896. [1 
ref]
• Summary: 1. Tests with various types of manurial 
substances on different crops were conducted. These tests 
with soy bean began in 1892. When soy bean received no 
nitrogen the yield was one-third to one-fourth less. Growing 
soy beans on a fi eld seemed to increase the amount of 
available nitrogen stored in the soil for use by subsequent 
crops (oats). These experiments with soy beans were 
continued in 1894 and 1896, with promising results.
 2. Experiments with “Nitragin,” a germ fertilizer for 
the cultivation of clover and clover-like plants–leguminous 
crops. Discusses the pioneering work of Laws and Gilbert, 
and of Hellriegel. “Hellriegel and his co-laborers established 
by careful observation the fact that leguminous plants, like 
clovers, beans, vetches, lupines, etc., with the assistance 
of certain micro-organisms (root bacterium) found in the 
soil, can utilize the elementary nitrogen of the air for the 
formation of nitrogen plant food fi t for the support of their 
growth.”
 Note 1. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “micro-organisms” 
(or “microörganisms” or “microorganisms,” regardless 

of hyphenation) in connection with the acquisition of 
atmospheric nitrogen by plants.
 Note 2. This is the earliest English-language document 
seen (Oct. 2004) that uses the term “germ” in connection 
with micro-organisms.
 There follows a translation of a publication on Nitragin 
by Nobbe and Hiltner. Nitragin, a pure culture sold in 
a bottle which is suffi cient for inoculation of 2.5 roods, 
is manufactured by Farbwerke vorm. Meister Lucius & 
Bruning, Hoechst on Main, Germany. A list of various kinds 
of Nitragin developed for 19 leguminous crops is given. Soy 
beans are not included in this list. And there is no indication 
that Nitragin was tested on soy beans at Massachusetts this 
year.
 3. Observations with leguminous crops at Amherst. 
Experiments were conducted on 21 leguminous crops, 
including early-maturing and late-maturing soy bean (Soja 
hispida). “(c) Soy beans, early and late varieties, have 
yielded, as a rule, during average seasons large crops; yet 
they have failed to enrich the soil they were raised upon 
suffi ciently in available nitrogen plant food to secure under 
otherwise corresponding conditions, as far as the supply of 
available potash and phosphoric acid is concerned, as high a 
yield of a succeeding crop of rye, oats, barley and even soy 
bean, as where from 40-50 lb per acre of an available form 
of nitrogen were added. The liberal addition of nitrates to the 
soil interfered with a liberal development of root tubercles, in 
case of soy bean, in a well-infected soil.”
 “The belief that each variety of leguminous crop is 
associated with a root bacterium of its own fi nds support in 
the circumstance that the root tubercles of different varieties 
of these crops quite frequently vary, not only in size and 
shape but in their mode of distribution over the main roots or 
rootlets. Illustrations of this feature have been furnished by 
the writer in form of photographs from nature in case of soy 
bean, horse bean, lupines, etc., (see State station report for 
1894).”
 Note 3. No photographs or illustrations appear with 
the article. Address: Ph.D., LL.D., Amherst, Director of the 
Station.

93. Williams, Thomas A. 1897. The soy bean as a forage 
crop. Farmers’ Bulletin (USDA) No. 58. p. 1-19. March. 
Revised (very slightly) in 1899. [7 ref]
• Summary: Contents: General characteristics and origin. 
Varieties. Conditions of growth. Methods of culture. 
Harvesting. Yield. Chemical composition. Digestibility. 
Value and uses: As a soiling crop, as a silage crop, as a hay 
crop, as a pasture plant, as a soil renewer, value of the bean 
for feed. Summary. Appendix–Soy beans as food for man.
 In the letter of transmittal printed at the front of this 
bulletin, F. Lamson-Scribner (USDA Agrostologist) says: 
“For reasons set forth in the body of this bulletin [see p. 4], 
the name ‘soy’ has been adopted to ‘soja,’ by which it has 
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been generally known.
 “In 1875 Professor Haberlandt began an extensive series 
of experiments with this plant in Austro-Hungary, and in a 
work published in 1878 he gave the results of his studies and 
strongly urged the cultivation of the soy bean as a food plant 
for both man and beast. Although he succeeded in exciting 
a great deal of interest in its cultivation while making his 
experiments, and distributed a considerable amount of 
seed, very little seems to have come of it; for at his death, 
which occurred in 1878, the interest fl agged, and the soy 
bean has failed to obtain the place as a staple crop which he 
prophesied for it.”
 “It is only within the last 15 years that it [the soy bean] 
has received much attention as a forage crop.” Robert C. 
Morris of Illinois grew soy beans in 1896.
 “The term ‘soy’ applied to this bean is derived from a 
Japanese word ‘shoyu,’ denoting a certain preparation from 
the seeds which is a favorite article of diet in that country. 
The term ‘soja’ is often used in connection with this plant, 
but Professor Georgeson, who spent some time in Japan, 
and who, since his return to this country, has experimented 
extensively with this plant, says [1892, “Test of some 
Japanese beans”]: ‘The term soja, often applied to this bean, 
is misleading, inasmuch as the species named by Siebold 
and Zuccarini Glycine soja is not cultivated there (Japan), 
or at least rarely cultivated, though wild in the south...’” (p. 
3-4). Note 1. Prof. Georgeson played an important role in 
changing the name of this plant to soy bean from soja bean.
 “Varieties (p. 5-7): The different varieties of soy bean 
are distinguished largely according to the color, size, and 
shape of the seed, and the time required for the plants to 
reach maturity. They also differ more or less in the habit of 
growth and in the character and degree of the hairiness of the 
various parts of the plant. The names applied to the varieties 
here in the United States usually refer to the time of reaching 
maturity and the color of the seed; as, for example, ‘Early 
White,’ ‘Medium Late Green,’ ‘Medium Black,’ etc. The 
early varieties generally fruit heavier in proportion to the size 
of the plant than the later ones, and hence are better to grow 
for seed, while the medium or late varieties are better for 
forage on account of the larger yield of fodder that may be 
obtained.
 “The ‘Early White’ soy bean is an excellent variety 
to grow when a crop of seed is desired, particularly in the 
North, where the growing season is likely to be short... 
‘Medium Early Green’ is one of the best varieties to plant 
for hay, as it yields heavily and retains its leaves well. For 
soiling or for ensilage ‘Medium Early Green,’ ‘Medium 
Early Black,’ or the ‘Late’ green or black varieties may be 
used, according to the length of the season and the time at 
which the crop is to be used. In the New England States the 
‘Medium Early Green’ variety is generally preferred, while 
in the Central States ‘Medium Early Black’ seems to be 
the favorite... For green manuring the large medium or late 

varieties are best; ‘Medium Late Black’ being excellent for 
this purpose.”
 Harvesting: The “best forage will be obtained by cutting 
just as the pods are forming... In harvesting a crop for the 
seed, the plants may be pulled by hand or cut with a scythe 
or mower and gathered into small piles, which should be 
relatively high and of a small diameter, so that the plants 
may dry out readily. Thrashing can be done with a fl ail or 
with the thrashing machine. Very good results can be had 
with common grain thrashers by taking out a portion or all of 
the concaves and substituting blanks.”
 The subsection titled “As a pasture plant” (p. 16) states: 
“In some parts of the country, particularly in the South, the 
soy bean crop is often pastured. Although hogs are perhaps 
most frequently used, all kinds of stock can be pastured 
on it. The crop can often be fed in this manner to great 
advantage. The labor and expense of harvesting is saved 
and the droppings from the animals are of great value to the 
land. Young stock, particularly sheep and hogs, can be very 
profi tably pastured on this crop. Many farmers maintain 
that by this method of feeding the land is benefi ted as much 
as if the crop had been plowed under, and they obtain the 
pasturage in addition.”
 The subsection titled “As a soil renewer” (p. 16-17) 
states: “Leguminous plants, through the aid of the root 
tubercle organisms, are able to add to the available nitrogen 
of the soil... When the soy bean was fi rst introduced into 
the United States it did not form root tubercles, owing to 
the absence of the tubercle organism from the soil, and it 
has been grown for several years in some localities without 
the appearance of any tubercles. In other cases the tubercles 
have developed in great abundance after a short time. At the 
Massachusetts (Hatch) Station the medium green soy bean 
produces great numbers of the tubercles. (See fi g. 5.) At the 
same station it was found that a liberal application of nitrates 
interfered with the development of the tubercles.”
 “Value of the bean for feed: There is no crop so easily 
grown that is so rich and can be used to such good advantage 
in compounding feeding rations as the soy beans. Excepting 
the peanut, there is no other raw vegetable product known 
which contains such high percentages of protein and fat in 
such a highly digestible form.
 “For feeding to animals the beans should be ground and 
the meal used with some less concentrated feeding stuffs. 
Comparatively few experiments have as yet been made in 
the United States to test the feeding value of soy-bean meal. 
Professor Brooks, in Massachusetts, found that it compared 
very favorably with cotton-seed meal. Cows fed on soy-bean 
meal gave richer milk and produced a better quality of butter 
than when fed on cotton-seed meal, but on the latter the 
cream was richer. Professor Georgeson obtained excellent 
results in feeding hogs on a ration of which soy-bean meal 
was a prominent constituent” (See Bulletin No. 61 of the 
Kansas Station).
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 Excellent illustrations (line drawings, some made from 
photos, p. 4-7, 17) show: (1) A young seedling soy bean (½ 
size). 
 (2) (a) fl owering branch of a soy bean plant (reduced 
2/3). (b) one of the fl owers (enlarged), (c) pods of a soy bean 
plant (reduced 2/3). 
 (3) Extra early soy bean, leaves and roots at age 7 days 
(¼ size). 
 (4) Medium black soy bean, leaves and roots at age 7 
days (¼ size). 
 (5) Roots of a soy bean plant, showing tubercles. 
 Tables show: (1) Composition of soy bean at four 
different stages of growth. (2) Chemical composition of 
the various kinds of forage made from the soy bean (incl. 
hay and ensilage). (3) Total amounts in pounds of food 
constituents produced on an acre of land by soy bean and 
fodder corn (proteins are fl esh formers; fat, fi ber, and extract 
matter are fat and heat producers). (4) Digestibility of soy-
bean forage.
 An appendix to this article is titled “Soy Beans as Food 
for Man,” by C.F. Langworthy (which see).
 Note 2. This is the earliest document seen (Jan. 2003) 
that uses the word “mower” or the word “concaves” in 
connection with soybean production.
 Note 3. This is the earliest English-language document 
seen (Jan. 2003) that uses the word “machine” (thrashing 
machine) in connection with a specifi c machine for soybean 
production.
 Note 4. This is the earliest document seen (Aug. 2013) 
that mentions the soybean varieties Medium Early Black, 
Medium Early Green, or Medium Late Black.
 Note 5. This is the earliest document seen (Oct. 2004) 
which gives details on use of soy bean as a good “pasture 
plant” or a pasture plant well suited for use in fattening hogs.
 Note 6. This is the earliest English-language document 
seen (Oct. 2004) that uses the words “pasturage,” “pasture,” 
or “pastured,” or the term “pasture plant,” in connection with 
soybeans. Address: Asst. Agrostologist, Div. of Agrostology, 
USDA.

94. Otago Witness (New Zealand). 1897. Otago Agricultural 
and Pastoral Society: Digestibility of fodder. April 29. p. 7.
• Summary: “From recent experiments, the Illinois 
Experimental Station concludes as follows:–The composition 
of cowpea ensilage corresponds very closely with that of 
clover hay, the important difference being in the higher 
percentage of fat found in the clover, but the digestibility of 
the cowpea ensilage is so much greater that it furnishes an 
equal amount of fat and much more protein and total energy 
than the clover hay.
 “Soja bean ensilage resembles clover hay both in 
composition and digestibility. It furnishes an equal amount 
of protein, more fat, but less total energy than clover hay. 
Both of these leguminous forage plants draw upon the free 

nitrogen of the air in an indirect way for a part of their 
food supply; their composition shows a high percentage of 
nitrogen, and they have great value for improving the soil.”
 “As compared with cowpeas and soja beans, the maize 
fodder and maize ensilage have a much higher value for 
energy and fat production, but the cowpea ensilage and soja 
bean ensilage are much more valuable for animal growth or 
the production or the production of milk.”

95. Kerpely, Kálmán. 1897. Légenygyüjtés és talajojtás 
[Plants that fi x nitrogen (papilionaceae) and soil inoculation]. 
Koztelek (Common Ground) 7(38):678-79. May 12. [Hun]
• Summary: If we examine the roots of the pea, vetch, 
clover, alfalfa, broad bean, etc., namely the plants belonging 
to the legume family, we fi nd–under normal conditions–
tubers, called root nodules, of varying thicknesses. These 
tuber-like growths are not malformations stemming from 
some disease–as previously thought–but are the result of 
the workings of certain benefi cial bacteria. Among others, a 
species of bacteria (Bakterium radicicola) lives in cropland 
that penetrate the roots of legume plants, where it proliferates 
and causes these root nodules to grow. The nodules on the 
roots of the plants mentioned above are thus fi lled with 
bacteria which exert an effect on the plant that are of quite 
extraordinary signifi cance.
 These bacteria absorb the free nitrogen found in the air 
and rework it to make it available to the plants with which 
they are in a symbiotic relationship. This is of extreme 
importance from a practical perspective, as the plants 
included in agricultural production are unable to directly 
utilize the free nitrogen in the air (which makes up almost 
80% of the atmosphere); they are only able to provide for 
their nitrogen-related needs by way of the bound nitrogen 
available in the soil (in the form of organic nitrogen, various 
forms of ammonia, and saltpeter). However, the bacteria 
mentioned above are capable of utilizing the nitrogen 
available in the air and make it available to the legume plants 
with which they live together.
 Soy is not mentioned.
 Note: Translated by Peter A. Gergay of San Francisco, 
California. Address: Columnist, Hungary.

96. Stanstead Journal (Rock Island, Stanstead, Quebec, 
Canada). 1897. Farm, fi eld and garden: A new fodder crop. 
June 3. p. 2.
• Summary: “The soja bean is one of the newer fodder 
plants that are not suffi ciently appreciated, according to The 
American Agriculturalist, authority for the following: The 
soja bean is a leguminous or cloverlike plant, which seems to 
possess great facility for getting its nitrogen from the air. The 
dry matter in either the green fodder or straw of the soja bean 
contains twice as much fat and protein as in fodder corn, 
while the grain is hardly exceeded in richness by cottonseed 
meal. Indeed, it is probably true that ‘these beans are the 
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richest known vegetable substance,’ and as they can be raised 
in any climate or soil that will mature corn, this crop enables 
the northern farmer to raise concentrated feed instead of 
buying it.
 “The medium green variety is best for forage, being 
leafy and succulent. In fairly fertile soil it will produce 10 to 
12 tons of green fodder per acre. It should be sown in drills 
2 1/2 feet apart, using 1 to 1 1/4 bushels of seed per acre. 
Sow about corn planting time and cultivate freely early in 
the season. It will produce a valuable fodder for stall feeding 
in August or early September, to be fed green or put into the 
silo in the proportion of one part soja bean to two parts of 
corn. Such silage is a balanced feed for milk cows. The black 
variety is a good fodder plant, but not equal to the green. 
Both kinds will ripen seed wherever the larger kinds of corn 
mature. Owing to the wonderful root development of the 
medium green variety, it has an admirable effect on the soil 
when the stubble is plowed under. Like the notion of alfalfa 
on land adapted to that crop, the soja bean brings to the 
upper status of soil plant food from below.”
 Note 1. This is the earliest document seen (Feb. 2007) 
concerning soybeans / soya beans in connection with (but not 
yet in) Quebec.
 Note 2. Stanstead is a town in the Eastern Townships of 
Quebec. Stanstead is located on the Canada-United States 
border across from Derby Line, Vermont.

97. Duggar, J.F. 1897. Soil inoculation for leguminous 
plants. Alabama Agricultural Experiment Station, Bulletin 
No. 87. p. 459-85. Aug.
• Summary: Focuses on cowpeas (Vigna catjang), hairy 
vetch, Canada fi eld pea, crimson clover, alfalfa, bur clover, 
white lupin, lespedeza (also known as Japan clover).
 Leguminous plants grown on fi elds where this species 
has long been grown, generally had tubercules, but most 
those inoculated with active, effi cient germs were more 
productive. The harvested dried weight of the plants was 
signifi cantly greater.
 Page 481: “The nitragin used in these experiments was 
purchased from Lucius and Bruening, Hoechst am Main, 
Germany, through their American agents, Victor Koechl & 
Co., 79 Murray street, New York city. The cost was $1.25 
per bottle, plus express from New York. The manufacturers’ 
directions state that one bottle is suffi cient for fi ve-eighths of 
an acre. Adding 10 per cent to the price in New York to cover 
express from that point the cost would be $2.20 per acre for 
nitragin.
 “This outlay, while it would doubtless often prove 
profi table, is greater than the writer is prepared to advise for 
large areas.”
 Page 483: “Some of the readers of this bulletin can aid 
in gathering facts relative to the distribution of tubercule 
producing organisms in this State by sending to the 
writer specimens of the roots of the less generally grown 

leguminous plants, as clover, alfalfa, beggar weed, soja 
bean and vetch, labelling the specimens with the sender’s 
address and writing fully in regard to the crops previously 
grown on the land from which the specimen was taken. 
Many observations will perhaps help to answer the very 
practical question: ‘What classes of soils in Alabama would 
be benefi tted by inoculation for clover, vetch, etc.’
 Page 483-84: Summary. “Inoculation with this germ 
fertilizer or nitragin greatly increased the yields of these 
plants as compared with untreated plants.
 “The increase in the weight of inoculated plants, after 
thorough drying, was as follows:
 “Hairy vetch, increased by 89 per cent.
 “Canada fi eld peas, increased by 138 per cent.
 “Crimson clover (young plants), increased by 146 per 
cent.
 “Lupins (tested on only one soil), not increased.
 “Germ fertilizer prepared for vetch, was effective on 
Canada fi eld peas.
 “Inoculation material procured without cash outlay acted 
like nitragin, and greatly increased the yields of hairy vetch 
and alfalfa.” Address: Agriculturist, Auburn, Alabama.

98. Davenport, E. 1897. The cow pea and the soja bean. 
Illinois Agricultural Experiment Station, Circular No. 5. 4 p. 
Dec. 1.
• Summary: “The cow pea, which is essentially a bean, and 
the soja bean, which is a pea, are so similar in nature and 
use as to be closely associated in the public mind and to 
make it expedient to treat of them in close connection. Both 
are natives of Southeastern Asia, where the seed is used 
principally as human food and the vines as stock food. In 
this country they are used almost exclusively for stock. Both 
are leguminous and, like all their kind, bear tubercles on the 
roots which gather nitrogen from the air. Both are valuable, 
therefore, in restoring fertility, and stand in the same relation 
to agriculture as does the clover plant. Both are capable of 
yielding about 35 bushels of seed per acre, though the yield 
generally falls to less than half that amount. The cow pea 
is more spreading, makes more hay and of better quality, 
because the soja bean, though very upright, has a woody 
stem, and drops its leaves badly... The cow pea succeeds best 
in the South... The soja bean has been but recently introduced 
from Japan, succeeds best in the North and fails utterly in the 
far South. Both may be sown either broadcast or in drills, but 
both yield more seed from drills. Both enjoy good land, but 
will grow upon land ‘too poor to raise anything else.’... The 
cow pea has more than 60 varieties ranging from two to fi ve 
months for maturity, and from upright to trailing in habit; the 
soja bean has few varieties and they are all upright.”
 Table 1 shows the composition and digestibility of 
the cow pea and the soja bean (green, hay, and seeds) in 
comparison with that of Indian corn. The hay from soja 
beans is inferior for reasons given above.
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 “The two common varieties of soja beans are the Black 
Medium and the Early White, or Improved White. Of these 
the fi rst seems to give the ranker growth of vines and the 
latter the heavier yield of seed.” Address: Director of the 
Station, Urbana, Illinois.

99. Naudin, Charles Victor. 1897. Nouvelles recherches sur 
les tubercules et les nodosités des légumineuses, et sur leurs 
rapports avec ces plantes (1) [New investigations on legume 
nodules or tubercles (and on their connection with these 
plants)]. Journal d’Agriculture Pratique 61(II):46-51. July/
Dec. [Fre]
• Summary: This article is part of a series; see the issues of 
April 8, and of June 10 and 17, pages 491, 807, and 842. 
Contents of this issue: 22. Phaseolus (incl. white lupins). 
23. Pisum sativum. 24. Psoralea bituminosa. 25. Scorpiurus 
subvillosus. 26. Soja hispida. 27. Tetragonolobus purpureus. 
28. Trifolium (T. ssativum, T. repens, T. alexandrinum, T. 
angustifolium, and T. agrarium).

100. Dickson, D.; Malpeaux, L. 1897. La Nitragine 
[Nitragin]. Journal d’Agriculture Pratique 61(2):191-97. 
[Fre]
• Summary: Nitragin, a commercial inoculum containing 
Bacillus radicicola, was used to inoculate white lupin. Soy is 
not mentioned.

101. Lafar, Franz. 1897. Technische Mykologie. Ein 
Handbuch der Gaerungsphysiologie... Erster Band: 
Schizomyceten-Gaerungen [Technical mycology. 
A handbook of fermentation physiology... Vol. 1: 
Schizomycetic fermentations]. Jena: Verlag von Gustav 
Fischer. xiii + 362 p. See p. 290, 305-15. Illust. No index. 
25 cm. Foreword by Prof. Dr. Emil Chr. Hansen (Carlsberg-
Laboratorium, Kopenhagen [Copenhagen]). [7 ref. Ger]
• Summary: The introduction gives a detailed early history 
of the discovery of fermentation, microorganisms and 
Mikrozymen / Mikrozyma (microzymes) (including the work 
of Needham, Spallanzani, Franz Schulze, Theodor Swann, 
Schröder and Dusch, Louis Pasteur, and Béchamp), its 
relation to spoilage, the development of fermentation theory, 
and the nature of the fermentation organisms.
 In Chapter 31, “Cheese fermentations and related 
decompositions,” section #179 is titled “Natto and miso.” 
These fermented foods are both made from the soybean 
(Soja-Bohne). For natto: The fermentation results in a partial 
transformation of the proteins into amides, peptones, guanin, 
xanthin, and tyrosin. The resulting mass is called natto in 
Japan, and is sold commercially. Note: Even though the word 
“enzymes” is not used, the author describes their action. 
This is the earliest document seen (July 2003) describing the 
action of enzymes produced during a soybean fermentation. 
At the end of the same section, koji, shoyu, tofu, nukamiso, 
taohu, and tao-yu (Chinese-style tofu and soy sauce) are 

mentioned–with 7 partial references.
 Chapter 33, titled “The binding of free nitrogen by 
bacteria” (p. 303-17) discusses this relatively new idea in 
depth, including the discovery of root nodules on legumes, 
the origin and function of the nodules, and the nodule 
bacteria; Soybeans are mentioned on p. 303. Chapter 36, 
titled “Nitrogen-fi xing bacteria” (p. 335-43) gives more 
details.
 Note 1. Although there are many in-text citations, the 
bibliography for this volume appeared in Vol II, published in 
1901-1907. An English-language translation of this volume 
was published in 1910.
 Note: This is the earliest document seen (Sept. 
2002) concerning the early history of microbiology 
and the discovery of enzymes. Address: Unestablished 
university lecturer (Privatdozent) for Fermentation-
Physiology, Technical High School. Assistant at the 
Physiological Laboratory of the Royal Experiment Station 
for the Fermentation Industry at Hohenheim near Stuttgart 
[Germany].

102. Naudin, Charles Victor. 1897. Nouvelles recherches sur 
les nodosités ou tubercules des légumineuses (et sur leurs 
rapports avec ces plantes) [New investigations on legume 
nodules or tubercles (and on their connection with these 
plants)]. Paris: Librairie Agricole de la Maison Rustique. 75 
p. [Fre]
• Summary: In Part I (p. 1-20), soybeans are mentioned on 
pages 5 and 16, and peanuts on p. 6. In Part II, section 4 is 
Arachis hypogaea (p. 24-27), and section 26 is Soja hispida 
(p. 56-58). The conclusion is p. 69-75.
 Part I is an introduction and a commentary on how our 
knowledge about edible legumes has increased over the ages 
as a result of contact with people in various cultures. “In 
Europe and in our colonies, the haricot beans of America, 
the Dolichos and Soja of the Far East, the peanut from 
Brazil, the cashew from India, and many other economic 
legumes have shown no diffi culty fi nding their home with 
us or elsewhere when the nature of the soil and climate were 
favorable.” The author then discusses natural vs. sterilized 
soil and the different results from nitrogen, nodules, and 
nodulation.
 Concerning the soybean (p. 56-58): Soja hispida–
Edible legume from China, introduced a few years ago into 
Europe and cultivated in several countries. It is also found 
in America where it appears that it is esteemed as an edible 
plant. We know that its beans are so rich in albuminoid 
materials [protein] that the Chinese make a sort of cheese 
[tofu] from it, and in France its use is recommended for 
diabetics.
 In 1895, I cultivated it at Rastine [perhaps the name 
of his home or estate; it may be in southern France near 
Toulouse] where it did well, despite the drought, and proved 
to be very productive. I found no root tubercles on any of 
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these plants. At Villa Thuret in the last days 
of May, I planted 7 soybeans in a very large 
pot of earth sterilized by boiling, and 7 other 
seeds in a similar pot fi lled with control 
soil from the garden. All these seeds came 
up at the same time, but the plants from the 
sterilized pot quickly took a lead upon those 
from the control soil. They were greener, 
more vigorous, and rose to 0.5 or 0.6 meters 
while those of the other pot hardly passed 
0.4 meters in height.
 On September 6, the 14 plants were 
pulled out of the earth, and the large clod 
that enclosed their roots was dissolved 
in water. In the sterilized pot three plants 
presented neither tubercles nor bulges of 
any sort. On the fourth plant we distinguish 
on the gnarl a pustule of doubtful nature. 
On the three others we fi nd 7 or 8 tubercles 
spread out on the roots or agglomerated and 
forming tuberosities the size of a small pea. 
The 7 plants from the control soil all bore 
tubercles but not very many and hardly the 
size of a cabbage seed. This comparative 
experiment shows fi rst that the earth rid of microbes that it 
could contain by boiling is more favorable to soybeans than 
soil with bacteria in it, and that the seeds of this legume can 
contain bacteria that, depending on the circumstances, will 
develop or will remain inert, which is the case with all other 
legumes.
 Note 1. Naudin lived 1815-1899. Itie (1910, p. 48) 
notes: “Naudin fi nally confi rmed that, rich in tubercles in 
its country of origin, the soybean does not take these with it 
when planted in a distant location.”
 Note 2. A footnote states that this is a revised edition of 
des tubercules et des tuberculoïdes des légumineuses in: (1) 
Memoires de l’Academie des Sciences de Toulouse, 1893; 
and (2) Comptes Rendus des Seances de l’Academie des 
Sciences, June 1896, p. 407.

103. Smith, Jared G. 1897. Leguminous forage crops. 
Yearbook of the United States Department of Agriculture p. 
487-508. For the year 1897. See p. 495, 498-500. [2 ref]
• Summary: One section titled “The Soy Bean” (p. 498-
500) gives a long introduction to this crop. “The soy bean 
(Plate XXXI, fi g. 2, facing p. 494) has been cultivated as 
human food and for green manure in China and Japan for 
many centuries, but has only been brought to the attention 
of American farmers as a forage crop within the last twenty 
years. In Oriental countries various preparations are made 
from the seeds, which take the place of meats and meat 
products in the dietary of the people. Here, however, the 
seeds are used only as cattle foods, or when parched, as a 
substitute for coffee. They are especially rich in fats and 

nitrogenous compounds. Of all legumes in cultivation the 
peanut alone exceeds it in the amount and digestibility of its 
food constituents.” Also discusses cultural practices, use as 
hay and silage, chemical composition and digestibility of the 
soy bean plant and seeds. “The crop should be cut for hay 
from the time of fl owering until the pods are half formed. 
Later than that the stems are coarse and woody, and the 
feeding value rapidly declines. One hundred pounds of soy-
bean hay contains 88.7 pounds of dry matter.”
 “The yield varies, according to soil and season, from 
6 to 13 tons of green forage. The yield of seed varies from 
as low as 15 to as high as 100 bushels per acre, the average 
being about that of corn–from 25 to 40 bushels. This crop is 
a heavy potash feeder, and requires fertilization with lime, 
and with potash and phosphoric acid when grown on such 
lighter soils as are defi cient in these elements. The soy bean 
is withal one of the most promising of the annual leguminous 
forage crops, and, as before indicated, may prove of special 
value in connection with Indian corn, the later supplying 
the ‘roughness,’ the soy bean producing the digestible crude 
protein necessary to make a complete and well-balanced 
ration.” 
 An illustration (p. 499, drawn from a photo) shows 
“Roots of yellow soy bean, grown at the Kansas Agricultural 
Experiment Station in 1896 on land inoculated with an 
extract containing the tubercle-forming bacteria.” There are 
many tubercles on the roots.
 Note: This is the earliest English-language document 
seen (March 2003) that uses the word “bacteria” in 
connection with soybean roots.
 A photo (Plate XXXI, fi g. 2, facing p. 494) shows 
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“Soy beans grown in Grass Garden, U.S. Department of 
Agriculture, Washington, DC.” In the background is a 
museum building.
 Note. This is the earliest document seen (March 2016) 
concerning the cultivation of soybeans in Washington, 
DC. This document contains the earliest date seen for the 
cultivation of soybeans in Washington, DC (1897, probably 
spring). Address: Asst. Agrostologist, Div. of Agrostology, 
USDA.

104. Washington Post. 1898. Big garden for grass: Results 
from government experiments in Tennessee. Jan. 9. p. 19.
• Summary: “Assistant agrostologist Jared G. Smith writes 
how seeds of the world have been utilized at Knoxville.” “In 
addition to the grasses there were about a dozen varieties 
of soy beans and some thirty or more named strains of 
cowpeas... Cowpeas are, of course, well known in all the 
Southern States, and the soy beans are being grown each 
year on a larger scale. All of these latter plants belong to the 
leguminous family. They are crops which derive nitrogen 
from the air, and which enrich the land” by fi xing it “in 
the soil in a form that may be readily used by succeeding 
nitrogen-hungry crops. The leguminous plants are the best 
soil renovators, supplying humus as well as nitrogen, and 
their cultivation deserves to become far more extended than 
at present.”

105. Atlanta Constitution (Georgia). 1898. The new south 
and her future:... Edward Atkinson spoke. April 15. p. 5.
• Summary: In the section titled “The cowpea vine,” Mr. 
Atkinson of Boston, Massachusetts, said that he has long 
realized that “the cowpea vine [“peavine”] was the most 
important plant in your section, because it was a renovating 
plant... Since then the wonderful infl uence of the bacteria 
has become known, which, living and dying in the nodules 
attached to the roots of leguminous plants, dissociate 
nitrogen from the atmosphere, then converting it to the 
nutrition of soil; and yet what do you know in any true sense 
about pea vines of which you have almost innumerable 
varieties? Some are rich in starch and nitrogen, almost free of 
oil; some are full of oil, defi cient in starch; and some contain 
more nitrogen than any other seed of the known world.
 “The soya bean is one of the latter kind. I imported two 
or three bushels of soya beans, which were distributed in 
small parcels from your exposition [the Cotton Exposition 
in Atlanta, Georgia] of 1881. The bean had been known 
under another name; I think it was called Japan pea before 
that time, but now I observe that the soya bean has rightly 
become one of your great forage plants.”

106. Henderson (Peter) & Co. 1898. Market gardeners or 
truckers wholesale catalogue of vegetable seeds, roots, 
plants, implements. Spring 1898 (Mail-order catalog). New 
York, NY: Orange Judd Co. 40 p. 27 cm.

• Summary: In the section titled “Miscellaneous Farm 
Seeds” (p. 31) we read: “Bean, Soja–$1.00 peck, $3.00 
bushel.
 “Early Soja. 12 cents/lb, $1.25 peck, $4.00 bushel. It is 
a very valuable fodder variety either for feeding green or for 
the silo. It is a rich nitrogenous feed, is unsurpassed as a fl esh 
former, and, like the Clover is a soil improver, deriving its 
nitrogen from the air.”
 Also on p. 31 is a column of many sweet pot and 
medicinal herbs (Küchen- und medizinische Kräuter), with 
their names written in German, and prices for each. Another 
section in German is for bird seeds (Vogelsamen), including 
hemp (Hanfsamen).
 This catalog is owned by the Smithsonian Horticulture 
Branch Library in Washington, DC. Call number: #010126.
 Peter Henderson lived 1822-1890. Address: 35 & 37 
Cortlandt St., New York, New York.

107. Prairie Farmer. 1898. Planting soy beans. 70(26):2. 
June 25.
• Summary: “As previously reported, the Farm department 
will plant about fi fty-fi ve acres of soy beans this season. The 
crop is put in for grain production and will be used in feeding 
steers and dairy cows. The fi elds are being inoculated by 
sowing broadcast soil in which plants bearing root tubercles 
have been grown. In the experimental plats different methods 
of soil inoculation are under trial. We are drilling and sowing 
broadcast inoculated soil, before, at, and after planting, 
each method being tested with 100, 500 and 1,000 pounds 
of soil per acre. Tests are also being made of dipping the 
seed in water in which infected soil has been placed and of 
mixing the seed with mud made from inoculated soil. Co-
operative tests are being carried on in various parts of the 
state in growing soy beans by eighteen of the students in the 
agricultural course, and Mr. G.P. Wagner is making a test 
of soil inoculation for this crop. The importance of these 
experiments with soy beans may be understood when it is 
remembered that soy beans are as rich in protein as linseed 
meal, supplying from three to four times as much protein as 
corn, and that the soy bean is one of our best drouth-resisting 
plants. The United States Department of Agriculture reports 
yields in other sections of from fi fty to one hundred bushels 
per acre; in Kansas, as the yield has been eight to twenty 
bushels, it seems probable that inoculating the soil with root 
tubercle-forming microbes will aid in increasing the yield–
The Industrialist” [Manhattan, Kansas].

108. G.E.W. 1898. Covering the waste places with grasses. 
Scientifi c American 79:103. Aug. 13.
• Summary: “Besides summer and winter pasture grasses, 
various forage plants, that are not grasses at all, have been 
cultivated in recent years, and Southern farming has been 
largely revolutionized by them. Probably the most important 
are the cow pease [sic] and the soy beans. These plants are 
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vigorous growers, and derive most of their nitrogen from the 
air. They belong to the leguminous family, and they enrich 
the land by adding large quantities of nitrogen to the soil. 
Nitrogen is a valuable and important fertilizer that must be 
added to the soil directly or indirectly, and the leguminous 
plants do this work better than any artifi cial method. They 
are the best soil renovators and soil enrichers that we have, 
and chief among them are the soy beans and the cow pease, 
which are now raised so extensively throughout the whole 
South.”

109. Los Angeles Times. 1898. Orchard, farm, rancho and 
stockyard: Soil inoculation. Aug. 26. p. 11.
• Summary: From Wisconsin Farmer: “Some extensive 
experiments have recently been concluded at the Kansas 
Experiment Station in regard to the inoculation of the soil 
on which legumes are to be grown, with soil impregnated 
with the right kind of micro-organism for the production of 
tubercles on the roots of leguminous plants. The legume that 
was the subject of the experiment was the soy bean, which 
has been grown at the Kansas station since 1890, but without 
producing any nodules or tubercles on the roots.
 “At the Hatch Experiment Station in Massachusetts, 
however, the soy bean had been grown and tubercles 
were produced. Soil in which the bean had been grown in 
Massachusetts was therefore procured and with this the 
inoculation experiments were made. The results show very 
conclusively that such inoculation is easily possible., and it 
has been repeatedly proven that the tubercles are a valuable 
adjunct to leguminous plants both for increasing yield and as 
a fertilizer.”

110. Henderson (Peter) & Co. 1898. Wholesale catalogue 
for fl orists and market gardeners: Plants, fl owers bulbs, 
vegetable seeds, farm seeds, fertilizers, insecticides, tools, 
&c. New York, NY. 61 p. 27 cm.
• Summary: In the half-page section titled “Farm seeds” (p. 
50) we read: “Beans, Soja. $1.00 peck, $3.00 bushel.
 “Early Soja. 12¢ lb., $1.25 peck, $4.00 bushel. It is a 
very valuable fodder variety either for feeding green or for 
the silo. It is a rich nitrogenous feed, is unsurpassed as a fl esh 
former, and, like the Clover is a soil improver, deriving its 
nitrogen from the air.”
 Inside the front cover is a major announcement–
especially since this is a wholesale catalog: “Important 
announcement!! Our new departure!! Henderson’s seeds are 
genuine only when supplied by us direct to the planter. We 
have withdrawn from the wholesale jobbing seed trade. That 
is we have discontinued supplying Seeds to Storekeepers and 
others to sell again. But we will continue to supply fl orists 
and market gardeners with our superior seeds, plants, bulbs, 
&c., for their own planting at our lowest wholesale prices as 
heretofore.”
 Page 1, titled “The reasons why” states: “The diffi culty 

in a nutshell is this: Those buying to sell again want the 
cheapest. Those buying for their own planting want the best. 
To supply both the best and the cheapest, and suit both class 
of buyers, is manifestly impossible.”
 In the index, the only listing is at “Beans, Soja.”
 Interesting illustrations throughout this catalog show 
the company’s buildings, sales rooms and order departments 
(with hundreds of small wooden drawers), packeting rooms, 
greenhouses, a pea sorting room, etc.
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
35 & 37 Cortlandt St., New York, New York.

111. Munson, W.M. 1898. The acquisition of atmospheric 
nitrogen. Maine Agricultural Experiment Station, Annual 
Report 13:114-40. For the year 1897. [120* ref]
• Summary: Contents: Introduction. Nitrogen accumulating 
plants. Nature of the tubercle organisms. Soil inoculation. 
Practical applications. A trial of Nitragin.
 “Nitrogen accumulating plants: The most important 
discovery in vegetable physiology in its relation to 
agricultural science, which has been made during the past 
generation, is that of the relation between microörganisms 
[microorganisms] and the acquisition of atmospheric 
nitrogen by plants.” “The results of several hundred 
experiments have shown conclusively that many if not all of 
the more common species of legumes are capable of using 
atmospheric nitrogen. Peas, beans, vetches, clover, alfalfa, 
lupine, soja bean, sainfoin, serradella and many other species 
have been used in the experiments” (p. 115).
 “Practical applications:... The prepared culture, sold as 
Nitragin or Germ Fertilizer, is made in Germany and may be 
obtained of Victor Koechl & Co., 79 Murray St., New York. 
Cultures for pea, clover, vetch and various other legumes are 
made.”
 Munson tested Nitragin (obtained from the H.W. 
Bowker Fertilizer Co.) on various crops, but not on soja 
beans. He noted “no appreciable effect from the inoculation.”
 He did, however, have good results inoculating soja 
beans with tubercles from a previous crop.
 “Our experience at the Experiment Station in the 
inoculation of soils with specifi c bacteria has been limited, 
but in the case of the soja bean, decided results were 
obtained.
 “Until the present season [1897] soja beans were never 
grown in the station garden, therefore it was safe to assume 
that none of the bacteria peculiar to the plant were present in 
the soil.
 “June 14, a quantity of soja beans was planted in drills 
and with the seed a number of tubercles from the previous 
year’s crop at the Storrs Experiment Station [Connecticut], 
were scattered. In contiguous rows, the same variety of bean 
was planted without tubercles. The crop was cut by frost 
before maturity so no weights were obtained, but on October 
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14, the following results were noted:
 “1. The plants from the inoculated soil were more stocky 
and of a darker color than those from the adjacent rows.
 “2. The plants from the inoculated soil bore an abundant 
supply of tubercles while the others bore none.
 “3. The average height of plants from inoculated soil 
was 2 feet 2 inches; from the other plot, 1 foot 11 inches.
 “4. The average number of pods per plant from 
inoculated soil was 81, from the other plot 74” (p. 129-30).
 Contains an excellent review of the literature and 
English-language bibliography on research on the acquisition 
of atmospheric nitrogen by plants.
 Note 1. This is the earliest document seen (May 2011) 
that clearly refers to the cultivation of soybeans in Maine. 
This document contains the earliest clear date seen for the 
cultivation of soybeans in Maine (14 June 1897).
 Note 2. This is the earliest document seen (Aug. 
2018) that mentions inoculation or the use of a commercial 
inoculum (“Nitragin or Germ Fertilizer”) in connection with 
soybeans. Address: Orono, Maine.

112. Trabut, Louis. 1898. Le soja [The soybean]. Algerie, 
Service Botanique, Informations Agricoles. Bulletin No. 16. 
7 p. [7 ref. Fre]
• Summary: The author, who demonstrates a good 
knowledge of American and European publications on the 
soybean, has cultivated soybean varieties at Alger (Algiers) 
and Rouïba since 1896. The soybean resists dryness well. 
Soya (le Soja) has remained a curiosity and is not well 
known among agriculturists. This is explained by the large 
diversity of soybean races having very different needs, and 
also by their very varied aptitudes and uses. This is not 
astonishing, for soya is cultivated in the country of its origin 
in both temperate and tropical zones, and is used for the 
feeding of animals, which eat it in the form of grain, hay, 
and green forage. It plays a major role in the human diet, 
providing abundant nutrition in the form of sauce, vegetable 
milk (lait végétal) or cheese [tofu], oil, fl our, and bread. 
Soya completes rice, which is lacking in nitrogen. It is very 
widely used, furnishing, at a low price, a food which replaces 
meat or fi sh. Note 1. This is the earliest French-language 
document seen (Aug. 2013) that uses the term lait végétal to 
refer to soymilk.
 Note 2. This is the earliest document seen (July 2014) by 
Dr. Louis Trabut (1853-1929) about the soybean. He was a 
pioneering French student and advocate of soybeans in north 
Africa and French colonies.
 We have made the mistake of presenting soya as a 
rival to the haricot bean: the comparison turned out to be 
advantageous for the latter legume (haricot) and soya was 
rejected.
 In Algeria we think that, for the moment, soya must 
be looked at primarily as a forage plant. Very remarkable 
for its richness in nitrogenous materials and fat, it can be 

very useful in the feeding of animals, for fattening and for 
the production of dairy milk. Its role in the human diet is 
less evident, however the indigenous people might fi nd a 
precious resource in this legume. The soya would perfectly 
complement ‘bechna’ [probably a local grain] and barley, 
which are used to make a fl at cake which, is too low in 
nitrogenous materials.
 At this station the maximum yield has been obtained 
from a large yellow soybean obtained directly from China. 
On an area of 10 ares (1,000 square meters or 0.1 hectare) 
the yield has been 30 tonnes/ha of green forage giving 
about 70 quintals (7,000 kg) of dry forage. Note 2. This is 
the earliest document seen (Jan. 2001) that uses the word 
“quintals” (or quintal”) in connection with soybeans. 1 
quintal = 100 kg.
 The yield of the seed had been high enough that 
cultivation of soybeans can be considered profi table. The 
early varieties have given the following yields in kg/hectare 
at the Rouïba Station in 1896/1897: Chocolate dwarf 1370 
(not watered)/1735 (watered). Compact green 2980/1735. 
Yellow early 2500/1785. The spring of 1896 was very rainy, 
while the spring of 1897 was very dry and it was necessary 
to water the crop.
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 On page 7 is a brief description of miso, shoyu, and tofu 
(made by coagulation of soymilk).
 Concerning nodulation: Until this year, the numerous 
varieties of soya which I have cultivated at the station 
did not show any trace of nodulation on the roots; it is 
therefore evident that in our soils the special microbe which 
determines these nodules or tumors is not present. In Jan. 
1897 I contacted Prof. Kirchner (at the School of Agriculture 
at Hohenheim), who is especially interested in the rhizobium 
of soya, and I asked him to send me several nodules in order 
to allow me to introduce to the soya crops here the microbe 
which assimilates atmospheric nitrogen.
 All the pots that were inoculated produced soybeans 
whose roots were covered with nodules the size of peas. 
It was not formerly possible to appreciate the infl uence of 
the nodules on the development of the plant. Field trials 
concerning this point will be made during 1898.
 An illustration (non-original, p. 2) shows a soybean 
plant (from an original in Carrière 1880). Address: Dr., 
Algeria.

113. Webster, J. 1898. Mistakes in horticulture. Illinois 
Farmers’ Institute, Annual Report 3:303-07. For the year 
1898. See p. 307.
• Summary: “Read before the Effi ngham County Farmers’ 
Institute.”
 Page 307: “It is a mistake to suppose that after your 
trees have commenced bearing that you can no longer help 
them by cultivating the spaces one way in stock peas or soja 
beans. Try preparing a strip 14 or 15 feet wide in spaces one 
way and drilling in stock peas or soja beans so that you can 
cultivate them twice, and see now nicely they will shade the 
ground by the middle of July and build up your trees and the 
ground they stand on.
 “It is a mistake to suppose, if your orchard adjoins a 
railroad, that you can not protect yourself at a very little 
expense and loss of time by preparing the ground in good 
shape early in June and drilling a strip in black or Niger 
stock pea or soja bean, or some other leguminous nitrogen-
gathering plant, and in the end fi nd it more pleasant and 
profi table, than an orchard partly destroyed, litigation and 
trouble with the railroad company.” Address: Centralia, 
Illinois.

114. Mazé, M. 1899. Les microbes des nodosités des 
légumineuses [The microbes in legume nodules]. Annales de 
l’Institut Pasteur (Paris) 13(1):145-55. Jan. [3 ref. Fre]
• Summary: A review of the early work with nitrogen 
fi xation conducted by Hellriegel and Wilfarth, Salfeld, 
Nobbe and Hiltner (and their pure culture Nitragin). 
“Nitragin was tested a little at all of the agricultural 
experiment stations in France, England, and Germany. 
Everywhere agronomists had had reservations about the 
practical value of this product.” Soy is not mentioned. 

Address: Préparateur à l’Institut Pasteur.

115. Henderson (Peter) & Co. 1899. American farmers 
manual (Mail-order catalog). New York, NY. 32 p. Feb. 28 
cm.
• Summary: In the section titled “Farm seeds” (p. 24) is a 
half-page section titled “Early Soja Beans.” The right one-
third of this section states: These beans have attracted much 
attention in recent years on account of their high feeding 
qualities, but all were too late to be of value in the Northern 
States. This variety has proved its earliness and value in the 
Northern States by not only producing large fodder crops, 
but ripening the seed as far north as Massachusetts. They 
are worthy of a place on every farm, either as a grain crop 
or fodder crop to feed green, or for the silo. The grain is the 
richest known vegetable substance, and when ground and 
fed to cattle gives a milk richer and better than cotton seed or 
other meal. Planted in rows 2½ feet apart, with 6 to 8 plants 
to the foot of row, requiring about half a bushel per acre, they 
yield 15 to 20 tons per acre of fodder exceedingly rich in 
fl esh formers. For green feed, use from time of blossoming 
till pods are well fi lled; for the silo, cut as soon as most 
of the pods are well fi lled, and cut into ½-inch to 2½-inch 
lengths. They are soil enrichers, gathering nitrogen from the 
air in the same manner as clover, the roots being crowded 
with tubercles, which give them this power. 15 ¢. lb., $1.25 
peck, $4.00 bushel.
 “Late–Being nearly a month later than the early variety 
offered above, should not be used north of Virginia. $1.00 
peck, $3.00 bushel.”
 The left two-thirds of this section shows a photo of 
Early Soja Beans growing in a small fi eld, with some houses 
in the background.
 The bottom two-thirds of the page is titled “The 
‘Henderson’ ensilage combination.” The left half, titled “A 
complete balanced feed ration grown on the farm,” describes 
a silage made of corn and soja beans. The right half, titled 
“Wm. P. Brooks, Professor of Agriculture, Massachusetts 
Agricultural College, writes Nov. 25th, 1898” begins: “The 
combination of Corn or Millet, and Early Soja Beans, in 
suitable proportions, certainly puts it within the power of 
the farmer to produce silage which makes more nearly 
a perfectly balanced feed for dairy cows than any other 
combination, with which I am acquainted.” Across the 
bottom is a table which shows the nutritional composition 
and nutritive ratio of silage made from different ingredients.
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
35 & 37 Cortlandt St., New York.

116. Bay of Plenty Times (New Zealand). 1899. A new fodder 
plant. Sept. 1. p. 4.
• Summary: “The soy bean (Soja hispida) is one of the 
comparatively new fodder plants that is not yet suffi ciently 
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appreciated (says the ‘American Agriculturist.’) It is a 
leguminous, or clover-like plant, which seems to possess 
great facility for getting its nitrogen from the air, owing to 
the nitrogen nodules in its roots. The dry matter in either 
the green fodder or straw of the soy bean contains twice as 
much fat and protein as in fodder corn, while the grain is 
hardly exceeded in richness by cottonseed meal. Indeed, 
it is probably true that ‘these beans are the richest known 
vegetable substance,’ and as they can be raised in any climate 
or soil that will mature corn, this crop enables the northern 
farmer to raise concentrated feed instead of buying it.
 “The beans can be ground in country mills, and the meal 
is superior in food value for milk production to cottonseed 
meal. If roasted and ground these beans may be used as a 
substitute for coffee. The fl avour is not like that of coffee, 
but it is agreeable, and the drink is wholesome. This last is 
specially true of the early white [Early White] variety, which 
is too small in growth to make a satisfactory fodder plant, but 
yields 16 to 20 bushels of seed per acre. The medium green 
[Medium Green] variety is best for forage, growing about 3 
ft high, and is leafy and succulent. It is well liked by cattle. 
In fairly fertile soil it will produce 10 to 12 tons green fodder 
per acre. It should be sown in drills 2½ ft apart, using 1 to l¼ 
bushels of seed per acre. Sow about corn-planting time, and 
cultivate freely early in the season. It will produce a valuable 
fodder, to be fed green or put into the silo in the proportion 
of one part soy bean to two parts of corn.
 “Such silage is a balanced feed for milch cows, and 
much richer in nitrogenous or fl esh-forming elements and 
in fat than corn silage. The black [Black] variety is a good 
fodder plant, but not equal to the green [Green]. Both kinds 
will ripen seed wherever the larger kinds of corn mature. 
Owing to the wonderful root development of the medium 
green [Medium Green] variety, it has an admirable effect on 
the soil when the stubble is ploughed under.”

117. Clos, M.D. 1899. Les tuberculoides des Légumineuses, 
d’après Charles Naudin [The root nodule bacteria of the 
legumes according to Charles Naudin]. Bulletin de la 
Societe Botanique de France 46(5):396-403. https://www.
tandfonline.com/doi/abs/10.1080/00378941.1899.10831759 
[50+ ref. Fre]
• Summary: This paper was read in the meeting of 10 Nov. 
1899. Soja hispida (the soybean) is mentioned on pages 398, 
399, and 401. Address: [France].

118. Henderson (Peter) & Co. 1899. Manual of everything 
for the garden. Second edition (Mail-order catalog). New 
York, NY. 190 p. 28 cm.
• Summary: In the section titled “Farm seeds” (p. 44) the 
top one-third of the page, titled “The ‘Henderson’ ensilage 
combination: A gold mine for every dairy farm” describes an 
ensilage “composed of two parts Fodder, Corn or Japanese 
Millet to one part Early Soja Beans.” To the left of the text 

is an illustration of a soja bean plant with a cluster of pods 
in the upper left corner. On a banner is written “Henderson’s 
Early Soja Bean.”
 In the middle third of the page, to the left we read: 
“Bean, Henderson’s Early Soja. The ordinary Soja Bean of 
the South is too late to be of value in the Northern States. 
This variety ripens even in Massachusetts, where it grew 
nearly four feet in height, was heavily podded and yielded 
over ten tons per acre. It is a very valuable fodder variety 
either for feeding green or for the silo. It is a rich nitrogenous 
feed, is unsurpassed as a fl esh former, and, like the Clovers, 
is a soil improver, deriving its nitrogen from the air. (See 
cut.) 15¢ lb., $1.25 peck, $4.00 bushel of 60 lbs.
 “Bean, Soja. $1.00 peck, $3.00 bushel of 60 lbs.”
 The inside front cover states: “Important 
announcement... We no longer supply dealers. By only 
supplying the planter direct we protect many customers 
who have had other Seeds and Bulbs foisted upon them as 
‘Henderson’s.’” “We deliver free anywhere in the U.S.” Page 
2 states: “The radical departure that we made last season 
of selling only direct to consumers, and longer supplying 
dealers to sell again, has been most satisfactory to our 
customers and to ourselves... Alfred Henderson, President. 
Charles Henderson, Vice-Pres. and Treas.”
 In the index, the soja bean is listed only at “Beans, 
Soja.” The index also lists Chufas.
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
35 & 37 Cortlandt St., New York.

119. Henderson (Peter) & Co. 1899. Florists’ and market 
gardeners’ wholesale catalogue of plants, fl ower seeds, bulbs, 
vegetable seeds, farm seeds, fertilizers, insecticides, tools, 
&c. (Mail-order catalog). New York, NY. 57 p. 27 cm.
• Summary: In the half-page section titled “Miscellaneous 
farm seeds” (p. 45) we read: “Beans, Soja. $1.00 peck, $3.00 
bushel.
 “Early Soja. 12¢ lb., $1.25 peck, $3.75 bushel. It is a 
very valuable fodder variety either for feeding green or for 
the silo. It is a rich nitrogenous feed, is unsurpassed as a fl esh 
former, and, like the Clover is a soil improver, deriving its 
nitrogen from the air.”
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
35 & 37 Cortlandt St., New York, New York.

120. Hinckley, A.A. 1899. The soja bean and cow pea. 
Illinois Farmers’ Institute, Annual Report 4:406-08. For the 
year 1899.
• Summary: “These plants belong to the leguminosæ or 
pulse family, which includes the clovers and many other 
deep rooted plants. They are becoming more and more 
appreciated in our end of the State for stock feed and their 
benefi cial effect on our compact clay soil, which requires a 
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liberal supply of nitrogen and humus to increase fertility and 
resistance of drouth.
 “Cow peas and soja beans are nitrogen gatherers, and 
produce abundant organic matter for making humus, their 
roots penetrating deep in the soil, and bring to the surface 
elements required by the grains and grasses, also make the 
soil more porous, thereby increasing its capacity for holding 
moisture. They have been grown only in a limited way with 
us, and we have much to learn about their cultivation, harvest 
and utility. In the future development of the resources of our 
soil I think they will be a very important factor.”
 “The soja bean is attracting considerable attention at 
present, and justly so. It is an upright grower, has no runners 
to tangle in handling, and makes more seed to the acre than 
the cow pea; the grain is one of the richest we can grow for 
feed. Analysis of the composition of grain shows this in a 
forceable way:”
 A table compares the nutritional composition of 100 
pounds each of soja beans, cow peas, corn, oats and wheat. 
The soja beans contain by far the highest percentage of 
protein (34.0%) and fat (16.9%).
 “The soja bean requires good cultivation to do the best 
on any soil; it will stand more wet weather and more dry 
weather than many other crops. The root growth is abundant–
equal to any plant in that respect. The root tubercles are the 
largest I have seen, but are not numerous. Probably after the 
bacterium peculiar to this plant is more diffused in the soil 
there will be more of the nitrogen produced.
 “If cut when in bloom or soon after, it makes a rich 
hay, which is relished by the stock. Like the cow pea, it is 
hard to cure. When harvested for the seed it can be stored 
in the stack or bin without loss from rats, mice or weevil. 
Care must be taken when put into bins to see that they are 
perfectly dry or they are liable to heat.
 “The depredations of insects injurious to grains and 
grasses may be more or less checked by a rotation of cow 
peas or soja beans, because their food will thus be cut off for 
a season.
 “Cow peas and dwarf soja beans may be planted after 
harvest, and produce a growth that, plowed under, will add 
much to the fertility of the soil. They are both splendid 
crops to grow for hog pasture. From my own experience I 
think sheep enjoy the soja bean better than any other stock. I 
would advise all who are interested in increasing the fertility 
of their land to give both these crops a good trial; do not stop 
with one planting, but continue to use them in rotation with 
other crops. I believe these two legumes will revolutionize 
the farming interests of Southern Illinois. In them we have 
the means of securing cheaply two very important elements 
of soil fertility, humus and nitrogen, and at the same time 
bring to the surface from the subsoil other elements of 
fertility.
 “I might add that the soja bean is good for table use; we 
like them.” Address: DuBois, Illinois.

121. Munson, Welton M. 1899. The acquisition of 
atmospheric nitrogen–Soil inoculation. Maine Agricultural 
Experiment Station, Annual Report 14:208-12. For the year 
1898. [2 ref]
• Summary: Various species of leguminous plants (including 
red clover, pea, bean, vetch, and soja bean) were soaked in 
sterile water, inoculated with one of the various “nitragin” 
cultures or with tubercles from the previous year’s crop, then 
grown in sterile soil. The “nitragin” cultures included “Pea 
nitragin,” “Lupine nitragin,” and Clover nitragin.”
 The section titled “Soja bean” (p. 212) states: “The 
soja bean plants were small and weak in every instance and 
in no case were tubercles found [on the roots] except upon 
one plant from soil inoculated with soja bean tubercles. 
(The tubercles used were from last year’s crop and were so 
dry it was feared they would be of little value.) There was 
no noticeable difference in the size and vigor of any of the 
plants.
 “General conclusion: The experiments thus far carried 
on at this Station do not justify the recommendation of germ 
cultures for leguminous crops. In no case did the culture of 
the specifi c germ of any given species give better results 
than did a culture of a nearly related type, and in most cases 
plants from untreated pots were equally as vigorous and as 
heavy as were those from inoculated soil.”
 Note: This is the earliest document seen (Oct. 2018) that 
mentions use of the “nitragin” cultures for inoculating soja 
beans. It was unsuccessful. Address: Horticulturist, Orono, 
Maine.

122. Sharpe, Thomas A. 1899. Experimental farm for 
British Columbia. Annual Report of the Experimental Farms 
(Ottawa, Canada) p. 375-412. For the year 1898. See p. 392.
• Summary: The section titled “Soja beans” (p. 392) states: 
“These were sown in drills at different distances apart. The 
growth was from 35 to 40 inches high... The branches were 
well loaded with pods containing from two to four beans 
each. This crop requires a longer season to ripen the bean, 
but it makes a fi ne fodder for green feed, the cattle and 
horses preferring it to any other food. All of it was fed green 
as our silo was full and the weather was unfavourable for 
curing it” [to make hay]. The highest yield from 3 plots was 
obtained from a variety planted in drills 2 feet apart. Sown 
on April 27, the plants were cut on Oct. 5, when the beans 
were in a soft green state. The straw was 30-40 inches long 
and the yield of fodder was 6 tons and 800 lb per acre.
 Note 1. This is the earliest document seen (Jan. 2009) 
concerning soybeans in British Columbia, Canada, or the 
cultivation of soybeans in British Columbia. This document 
contains the earliest date seen for soybeans in British 
Columbia, or the cultivation of soybeans in British Columbia 
(27 April 1898). The source of these soybeans was probably 
the Central Experimental Farm in Ottawa, and was probably 
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the same material reported by Wm. Saunders in 1898 and 
1899. The Central Experimental Farm, in turn, got its 
soybeans from Peter Henderson & Co., seedsmen of New 
York, in the spring of 1897.
 Note 2. The last section on p. 392, titled “Experiments 
with clover seed inoculated with Nitragin and without 
Nitragin,” contains an early reference to the use of this 
commercial product. Address: Superintendent, Experimental 
Farm, Agassiz, BC, Canada.

123. Trabut, Louis. 1899. Rapport à M. le Gouverneur 
Général sur les études de botanique agricole entreprises 
en 1898 [Report to the Governor General on studies in 
agricultural botany undertaken in 1898]. Algerie, Service 
Botanique, Informations Agricoles. Bulletin No. 19. 83 p. 
See p. 18-19. [1 ref. Fre]
• Summary: “Soya (le Soja) remains a very useful legume 
in Algeria. Green soybean forage fed to dairy cows greatly 
increases their production of milk. Since the cultures of 
a special bacteria for the roots of the soybean have been 
distributed and propagated, all the stands cultivated at the 
station now have numerous and large nodules on their roots.”
 A long quote by Zardeski (apparently from Algeria), 
titled “Bou-Medfa.–Haouch Morad propriété Arthus,” is 
included. It states: “Soybean seeds have been planted on 
May 15; on irrigated soil, they have given an extraordinary 
yield, larger than could be expected from any other variety 
of beans or peas. The harvest of seeds that we are going to 
obtain will allow us to try animal feeding experiments next 
year. The enormous yield of the soybean, of both leaves and 
seeds, leads us to predict that, in our region, this plant will 
be able to become one of the most important elements in 
the feeding of animals. We served soybeans boiled in salted 
water to Arabs who come here. This food was unanimously 
well accepted, so in the future we intend to include it in the 
diet of our indigenous servants.”
 An illustration (non-original line drawing; p. 19) shows 
a mature soybean plant bearing many pods, plus a close-up 
of three pods to the lower right of the plant (from an original 
in J.R.F. 1882). To the lower left of the plant is written the 
fraction 1/10. Address: Director of the Botanical Service, 
Algiers, Algeria.

124. Ohio Agricultural Experiment Station, Press Bulletin. 
1900. The soy bean a substitute for clover. No. 206. April 
16. Published at the end (p. 270) of Ohio Agric. Exp. Station 
Bulletin No. 120 (June 1900).
• Summary: “The Soy or Soja bean is an upright, stiff-
stemmed, branching bean, introduced a few years ago 
from Japan, which is rapidly coming to the front as a most 
valuable forage plant. It has been grown for several years by 
the Ohio Experiment Station with very satisfactory results. 
Planted in some of our poorest soils, it has produced two 
to three tons of excellent dry forage or hay per acre, which 

is eaten with relish by all kinds of stock. As a crop to turn 
under for green manuring, we do not know its equal.
 “As the Soy bean is a warm weather plant it should 
not be planted before the last of May in Northern Ohio, nor 
before the middle in the southern part of the state... It should 
be harvested before frost and cured as hay.
 “The Soy bean, like clover, adds nitrogen to the soil, and 
it is therefore a renovating, instead of an exhausting crop. It 
is especially suited to take the place of clover in a systematic 
rotation where the clover has been killed out by severe 
winters, as is the case at present over a large part of Ohio, or 
where the spring seeding of clover has failed to catch. The 
Ohio Experiment Station has used it in such cases with such 
good results that it feels justifi ed in urging the farmers of the 
state to give it a careful trial.
 “There are several varieties of Soy beans, some of which 
will mature seed in Ohio, while others will not. As a rule, the 
latter class are more valuable for forage, as they make larger 
growth. The beans, however, which are produced at the rate 
of ten to twenty bushels per acre, are a valuable feeding 
stuff, as they are quite high in protein, and to some extent 
take the place of such materials as linseed meal in the ration. 
The Kansas Experiment Station has fed them to fattening 
hogs with the result of effecting a large saving in the quantity 
of food required to make a pound of pork, and others report 
similar results in feeding them to sheep.
 “The Experiment Station has no seed of these beans for 
distribution, but it may be procured of most of the principal 
seedsmen.” Address: Ohio.

125. Hiltner, L. 1900. Ueber die Bakterioden der 
Leguminosenknoellchen und ihre willkuerliche Erzeugung 
ausserhalb der Wirtspfl anzen [On the bacteria (bacteroids) 
in legume nodules and their arbitrary production outside 
of the host plant]. Zentralblatt fuer Bakteriologie. Series 2. 
6(9):273-81. April 30. [4 ref. Ger]
• Summary:  Soy is not mentioned. Address: Berlin.

126. Chicago Daily Tribune. 1900. The soy bean. May 8. p. 
6.
• Summary: “The soy bean seems about to become popular 
as rapidly as did alfalfa when introduced for much the same 
reasons. The soy is an upright stiff-stemmed, branching 
bean imported from Japan a few years ago and its headway 
in popular estimation has been made almost entirely during 
the last year. The agricultural authorities are impressed with 
its value as a forage plant and the experiment stations in 
the middle West have made most favorable reports which 
have led the agricultural press strongly to recommend its 
cultivation. The Ohio experiment station reports that planted 
on some of the poorest soils it has produced two or three tons 
of excellent dry forage or hay to an acre and it is eaten with 
relish by stock. As a green crop to turn under for manuring 
the bean is said by authorities not to have its equal.
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 “Like clover, it adds nitrogen to the soil and it is 
therefore a renovating instead of an exhausting crop. It is 
especially suited to take the place of clover in a systematic 
rotation where the clover has been killed by severe winters, 
as is the case in many localities in the middle West now; 
or where the spring seeding of clover has failed to catch. 
The experiment stations are making an attempt to induce 
the farmers to sow the crop. Being a warm weather plant it 
should not be planted in northern Indiana, northern Ohio, 
or Illinois before the last of May... Aside from its value as 
forage and as a nitrogenous crop the beans are valuable for 
feeding stock, as they contain a large amount of protein... 
The prediction is made that in fi ve years nearly every farmer 
and stock-raiser will be growing soy beans.”

127. Wallaces’ Farmer (Des Moines, Iowa). 1900. Drouth-
resisting crops (Letter to the editor). 25(20):533, col. 1. May 
18.
• Summary: “The observations of the writer have been 
limited to the growth of the crops named below in Kansas. 
It is believed, however, that such crops as Kaffi r coin and 
soy beans are destined to become of great importance to the 
agriculture of large sections of our country. For this reason 
the following notes have been collected with a view that 
something of value to Iowa farmers may yet be discovered in 
the drouth-resisting crops of the Southwestern plains.
 “The Soy Bean or Soja Bean (Glycine hispida).–Like 
many others of our cultivated plants, the soy bean is not 
known in a wild form. It has been cultivated in China, India 
and Japan for ages and has probably become so modifi ed by 
the infl uences of cultivation that it has lost its resemblance 
to its wild progenitor. The plant is remarkable for its 
ability to resist extremes of drouth and heat. The hispida 
or hairy epidermis of the leaves probably aids in retarding 
evaporation, thus preventing too rapid transpiration in dry, 
hot weather. The Oriental nations use it in their agriculture 
as a means of keeping up the fertility of the soil. This result 
is accomplished by means of nitrifying organisms which 
inhabit little nodules on the roots of the plants. The soy 
bean plant, therefore serves the purpose of indirectly taking 
nitrogen out of the atmosphere and fi xing it in the soil where 
other plants may use it. When fi rst brought to America, the 
benefi cent bacteria were not associated with the plant and 
it was grown many years in Kansas before a nodule was 
observed. By means of inoculation with soil from one of the 
Eastern states, the bacteria have been introduced into Kansas 
during the past two years and somewhat widely distributed. 
In Japan, many varieties of soy beans are grown. At the 
Kansas Experiment Station ten or twelve varieties have been 
grown, but all except the yellow soy have been discarded. 
The greatest fault of the soy bean is in the small yields that 
are obtained, fi fteen bushels per acre being a heavy yield in 
Kansas.
 “The Eastern people esteem the soy bean very highly for 

human food, but its strong fl avor will interfere with its use 
for this purpose in America. Its chief value in our agriculture 
will be found in its usefulness as a feedstuff for domestic 
animals. When grown for grain, the straw is worthless as a 
feed, but when cut and cured green the soy bean plant makes 
excellent hay, or if fed out at once no other plant excels it for 
soiling purposes. The grain has an exceedingly high feeding 
value, owing to its richness in protein and fat. The following 
table gives a basis for the comparison of soy beans with 
some other common feeds:
 This table has four columns: Kind of feed-stuff, protein 
%, fat %, and carbohydrates %. The kinds of feed-stuff are 
soy beans: (34.0%, 16.9%, 28.8%), linseed meal (33.2%, 
4.0%, 38.4%), dent corn (10.3%, 5.0%, 70.4%), bran (12.5%, 
3,6%, 42.1%), cottonseed meal (32.0%, 10.0%, 20.2%), 
alfalfa hay (10.7%, 1.4%, 37.3%).
 “This table shows that soy beans are more than three 
times as valuable for both protein and fat as corn. If the fat is 
reduced to its equivalent in carbohydrates and added to the 
carbohydrates, it is readily seen that soy beans lack only a 
little more than nineteen per cent of being the equivalent of 
corn in carbonaceous materials, while their protein is almost 
three and a half times as great. If we compare them with corn 
on the protein basis we fi nd that they are more than three 
times as valuable, pound for pound. Since protein is the most 
expensive feed-stuff on the farm it follows that a yield of 
fi fteen bushels of soy beans per acre is a fairly paying crop
 “Soy beans when fed with Kaffi r corn meal to hogs have 
given wonderful results at the Kansas Experiment Station. 
One hundred pounds of Kaffi r corn meal fed alone gave 15.4 
pounds of pork. One hundred pounds of a mixture of four-
fi fths Kaffi r corn and one-fi fth soy beans gave 23 pounds of 
pork. The following table illustrates this:
 “100 lbs Kaffi r corn alone produced 154 lbs. pork worth 
@ 3¢ per lb., 46¢.
 “100 lbs. of mixture produced 23 lbs. pork worth @ 3¢ 
per lb, 69¢.
 “400 lbs. Kaffi r corn alone produced 4 x 15.4 lbs pork 
worth @ 3¢ per lb, $1.85.
 “400 lbs Kaffi r corn plus 100 lbs. soy beans produced 5 
x 23 lbs. pork worth @ 3¢ per lb., $3.45.
 “Gain due to 100 lbs. soy beans, $1.60.
 “This shows that, when pork is worth three cents soy 
beans are worth $32 per ton to feed with Kaffi r corn to hogs.
 “Soy beans should be planted in drills the closer the 
rows the better, as long as one can give good intertillage 
with a horse cultivator. They can be planted with a Dowagiac 
grain drill better than with other implements. The ground 
should be in good tilth before planting the crop, and the 
soil should be warmer than is required for corn. The crop 
matures in about two and a half months, and should have 
the advantage of the driest and hottest season of the year 
in which to make its growth. Plant a half bushel of seed 
per acre, cultivate as you would cultivate corn, and harvest 
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before all the pods have turned brown. A bean harvester 
should be used, which consists of two long, thin steel knives 
running a little below the surface of the ground and attached 
to a frame very similar to a riding cultivator. The implement 
cuts off two rows of beans at once and iron fi ngers attached 
to the machine roll together the two rows in a windrow. They 
are then raked into bunches with a hay rake and should be 
cocked up and let cure in the fi eld for several days. It is more 
economical to thresh them out of the fi eld than to stack them. 
A steam thresher can thresh the beans without cracking them 
if all the concave teeth are removed and the machinery is run 
just as slow as it can be run and not have the sieves clog. It 
cost the Kansas Agricultural College in 1899 $8.40 per acre 
to cultivate, harvest and thresh the crop.
 “There is a great fi eld for the seed breeder to work upon 
soy beans. It is said that they yield much more abundantly 
in their native land than in the United States. When we have 
succeeded in breeding up varieties that will yield twenty-fi ve 
bushels per acre we may expect the soy bean to be one of 
the most valuable plants in cultivation. It is possible that the 
strong, disagreeable fl avor may be bred out of them, and that 
they may become of general use on our tables.”

128. Cottrell, H.M.; Otis, D.H.; Haney, J.G. 1900. Soil 
inoculation for soy beans. Kansas Agricultural Experiment 
Station, Bulletin No. 96. p. 97-116. May.
• Summary: The study of soil inoculation for soy beans was 
fi rst made at this Station by D.H. Otis as part of his work 
for the degree of master of science. Mr. Otis completed his 
work in 1897 and in 1898 the Farm Department began the 
work of inoculation on a fi eld scale. Since 1890 soy beans 
have been grown at the Kansas Experiment Station, but 
frequent and numerous examinations of the roots fail to 
reveal the presence of any nodules or tubercles. Knowing 
that the Hatch Experiment Station, Amherst, Massachusetts, 
had been successful in producing tubercles on the soy bean, 
it was proposed that an attempt be made to inoculate the 
Kansas beans with Massachusetts soil. The soil arrived in 
a dry, pulverized condition, not unlike the dust in our roads 
during a dry season. The benefi ts from inoculation lie largely 
in the increased fertility of the soil resulting from the decay 
of the nitrogenous roots, and would not be seen until after the 
growth of the succeeding crop.
 “After the success of inoculating the beans with 
imported soil was assured, it was thought to be an interesting 
point to ascertain how far these particular micro-organisms 
had spread in this country. Accordingly inquiries sent out 
to all the experiment stations of the United States and the 
following table constructed from the replies:” (1) States 
with soybean micro-organisms indigenous to the soil were 
Indiana, Louisiana, Massachusetts [Hatch], North Carolina, 
Rhode Island, and Tennessee; (2) States which obtained 
the soybean micro-organism through inoculation were 
Connecticut [Storrs] and Kansas; (3) States in which no 

tubercles were found on the roots of soybean plants were 
California, Florida, Iowa, Michigan, and South Dakota; (4) 
States which consider the climate too cold to successfully 
grow the soy bean were Minnesota and Washington [because 
of the next category, this implies that they tried to grow 
soybeans]; (5) States which have not grown the soy bean 
were Kentucky, Maine, Montana, Nevada, Pennsylvania, 
Utah, Virginia, and Wyoming.
 The inoculated soil used in this experiment was 
taken from a plat inoculated in 1896 with soil from the 
Massachusetts Experiment Station, and on which soy beans 
had been grown in 1896 and 1897.
 Photos (p. 101-103) show the bare roots of soy bean 
plants: (1) Not inoculated. (2) Inoculated with Massachusetts 
soil, and (3) Inoculated with extract; these roots contain the 
most nodules. An illustration (line drawing; p. 110) shows 
a soy bean plant inoculated at the bottom of a pot (with 
relatively few nodules). A table (p. 111) summarizes replies 
on the extent of the soy bean micro-organism and inoculation 
trials in the United States.
 Note 1. This is the earliest document seen (March 
2016) concerning soybeans in Florida, or the cultivation of 
soybeans in Florida. This document contains the earliest date 
seen for soybeans in Florida, or the cultivation of soybeans 
in Florida (May 1900). The source of these soybeans is 
unknown.
 Note 2. This is second earliest document seen (June 
2007) concerning the cultivation of soybeans in California.
 Note 3. This is the earliest English-language document 
seen (March 2003) that uses the word “nodules” (or 
“nodule”) in connection with soybeans. Address: Manhattan, 
Kansas.

129. Los Angeles Times. 1900. The land. Orchard, farm, 
garden, rancho and stockyard: Inoculating the soil. June 1. p. 
I12.
• Summary: “Soil inoculation is receiving considerable 
attention over the country at the present time, and, though 
some doubt has been entertained in regard to the claims 
made in its favor, experiments at several agricultural 
experiments demonstrate that inoculation of the soil is no 
longer a theory but a fact. The Kansas experiment station 
last year made extensive experiments with soy beans and 
has published its results in bulletin No. 6, which is a very 
interesting document.”
 By “examining the roots of such plants as clover, alfalfa, 
beans and peas one will usually fi nd scattered over their 
exterior surfaces tubercles of various sizes and shapes. These 
tubercles are with very few exceptions, peculiar to a certain 
order of plants known as ‘leguminosae.’ These tubercles are 
the outgrowths of the plants themselves, and are produced 
by the action of certain micro-organisms working within the 
tissues of the root.
 “Formerly these tubercles were considered abnormal 
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appendages, and as injurious to the plants, but later 
investigations revealed the fact that where these tubercles 
were wanting the plants did not make the growth that was 
made by plants where the tubercles were present. These 
tubercles are the homes of minute microscopic bacteria 
(Bacillus radicicola Beyer. [Beyerinck]) and they have 
the remarkable property of taking free nitrogen from the 
atmosphere and transforming it into available compounds 
for plant food. This is what makes the leguminous plants 
so valuable as soil enrichers and specially prized for green 
manuring. Each plant has its special bacteria, as the organism 
producing tubercles on the pea or bean will not produce 
tubercles on clover and alfalfa, and vice versa.”
 Note: This is the earliest English-language document 
seen (Aug. 2018) that uses the scientifi c name Bacillus 
radicicola to refer to bacteria to colonize the roots of 
legumes, including soybeans.

130. Washington Progress (Washington, Beaufort Co., North 
Carolina). 1900. Soy-bean culture. Oct. 11. p. 1.
• Summary: From Home and Farm: “As yet the soy-bean is 
comparatively new in America, but judging from ten years’ 
experience at the Kansas Experiment Station, where as much 
as seventy-fi ve acres have been raised in one season and 
fed to fattening hogs, cattle, milch cows and young stock, 
its value is clearly demonstrated, and it promises to rank 
high in the agriculture of the future. At the special request 
of Secretary F.D. Coburn, of the State Board of Agriculture, 
the most approved methods of culture and use are related by 
Prof. Haney, as follows:
 “The soy-bean responds readily to good soil and plenty 
of moisture, but will thrive and produce on land too poor, or 
in a season too dry for ordinary crops. It ‘s not molested by 
chinch bugs, and there are no insect enemies or blights which 
materially affect it. The root system of the soy-bean is very 
extensive, striking deeply into hard subsoil and spreading 
widely near the surface. Not only are they supported by 
their extensive root system, but, being a legume, the nodule-
forming micro-organism on the roots enables the crops to get 
part of its nitrogen food directly from the air, and leave in 
the soil a store of nitrogen which benefi ts succeeding crops. 
Nitrogen is the most expensive and easily depleted element 
of fertility in our soil, and one of the strong points in favor 
of soy-beans is that they fi t perfectly in the short rotations 
where clover and alfalfa are not practicable, giving a rational 
rotation, and at the same time a paying crop.
 “The land for soy-beans should be prepared the same 
as for corn. Listing is not advisable, as the pods grow 
close to the surface of the ground and would be covered in 
cultivating. However, good results have been obtained by 
listing the ground and then nearly tilling the ditches before 
planting. The ground should not he plowed until time to 
plant, and the planting done immediately after plowing. Late 
plowing and immediate planting give the beans opportunity 

to keep ahead of the weeds, which always bother such a 
crop. Bean planting comes properly after corn and Kaffi r 
corn planting. By this time the soil is well warmed, which 
insures prompt germination and rapid growth. After plowing 
it is essential that the soil be compacted so as to hold the 
moisture, as the beans require a relatively large quantity to 
insure prompt germination.
 “We get the best results by drilling in rows thirty inches 
apart and three to four inches apart in the rows. The beans 
grow upright, never falling down except on very rich land, 
so they do not require more space. Planted at this distance 
they shade the ground, which is desirable to prevent 
evaporation and also to keep weeds down. Thirty pounds to 
one half bushel of seed are required per acre to plant at this 
distance. The best satisfactions [sic] comes from planting in 
the spring, after the soil is well warmed. The last week of 
May or fi rst of June is not too late, depending on the season. 
It takes from eighty to one hundred days for the beans to 
mature, and they do best if this is during the most favorable 
part of the season. They continue to grow and will mature 
seed regardless of how dry the weather may be, although 
the yield may be much reduced. Seed that is over two years 
old is risky, and should not be trusted if new seed is to be 
had. Seed should not be kept in close-woven sacks nor in 
deep bins in quantity. It may heat enough to destroy the 
germinating powers and not be previously noticed.
 “If a dashing rain comes up after planting and forms 
a crust the beans may ‘break their necks’ trying to push 
through. If the crust has formed run a light harrow crosswise 
of the rows. A few plants will be broken off, but not so many 
as if harrowed lengthwise, and it will be much better than 
leaving the crust intact.
 “One of great objections to soybeans has been the lack 
of an easy means of harvesting.
 “The bean pod grows so close to the ground that no 
sort of grain harvester can be employed in harvesting them 
without losing some beans. If hogs or sheep can be put on 
to glean the fi eld a self-rake may be used very satisfactorily. 
A mower will shatter the beans and crush them into the 
earth, and does not give satisfaction. The stems being hard, 
any knife cutter should run slightly below the surface of 
the ground to cut them satisfactorily. When more than ten 
or fi fteen acres are to be handled it will pay to use a bean 
harvester.
 “After the beans are cut they can be raked with a hay 
rake, and should be put in small shocks until dry, when 
they can be threshed or stacked. Thrashing is done with an 
ordinary separator, using all blank concaves, and running as 
slowly as the machine will permit and not clog in the shake.
 “Those Who have grown them for hay are loud in their 
praises, and some think this is the most satisfactory way 
of getting the benefi t to the crop, especially where alfalfa 
or clover are diffi cult to grow. For hay the seed should be 
drilled or sown broadcast, and will require one and one-half 
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bushels per acre. They should be cut when the beans are well 
formed but soft; the leaves will all be on at this stage, and a 
large quantity of superior feed will be secured. The cutting 
may be done with an ordinary mower, and the hay cured as 
any other crop.
 “As a soiling crop for cows, there is nothing better to 
produce a high yield of milk. Shoats averaging about sixty 
pounds per head, turned into a patch of soy-beans just as 
the beans was forming, made a superior growth, without 
any grain to speak of. They ate beans, leaves, stalk and all, 
leaving only short stubs where the beans had been two feet 
high.
 “The soy-bean is richer than linseed meal, and nearly as 
rich as cotton seed or gluten meal. The early varieties should 
be insisted on, and some seed houses have sent out the late 
sorts when an early variety was expected, with the result that 
those who grew them were much dissatisfi ed. We advise that 
the bean be tried in fi elds of not less two or three acres, as 
smaller planting seldom gives satisfaction.”

131. Bailey, Liberty H. 1900-1903. Cyclopedia of American 
horticulture. 2nd ed. 4 vols. New York, NY: The Macmillan 
Co.; London: Macmillan & Co., Ltd. See vol. 1, p. 136-37. 
Vol. 2, p. 653. Vol. 4, p. 1693. Assisted by Wilhelm Miller, 
Assoc. Editor.
• Summary: This classic is illustrated with over 2,000 
original engravings, including two of the soy bean. Full-sized 
illustrations (fi g. 191; p. 136) in Volume 1, under “Bean,” 
show the seeds of 6 types of beans, including four seeds of 
Glycine hispida (the soy bean).
 Another illustration (fi g. 195; p. 137) shows the leaves 
and pods of the Soy Bean–Glycine hispida (one-third size), 
and the accompanying text states: “Of greater value [than the 
Cow-pea] for the same purposes, north of New Jersey, seems 
to be the Japanese Soy Bean, which is early enough to come 
to maturity almost anywhere in the United States. Its foliage 
is rather thin or open, however, which impairs its value for 
green-manuring. The dry Bean constitutes one of the richest 
vegetable foods known, and its fl avor seems unobjectionable 
to all kinds of stock. Sow 1 bushel to the acre.”
 Volume 2, p. 653 notes: “Glycine (Greek for Sweet). 
Leguminosae. Perhaps 15 or 20 species in tropical Asia, 
Africa, and Australia, mostly twining vines. The Glycines 
are allied to Dolichos, Vigna and Phaseolus: The cultivated 
species are distinguished by small and hairy fl owers in short 
axillary racemes... In this country Glycine is known only in 
the Soy Bean, G. Hispida, Maxim. (fi g. 195; p. 137), which 
is an erect, hairy annual from Japan and China. It is also 
known as the Soja Bean, Coffee Bean and Coffee Berry... In 
China and Japan the seeds are much used for human food, 
but in this country the plant is grown for forage, having 
begun to attract attention about 25 years ago. The beans may 
be used as a substitute for coffee; and for this purpose the 
plant is often sold. The Soy Bean, in the form in which we 

know it, seems to be unknown in a wild state. It is probably a 
domesticated form of Glycine Soja, Sieb. & Zucc., which is 
wild in Japan. These two species are united by some authors 
and separated by others (see Franch. & Sav. Fl. Jap. 1:108. 
Maxim. Bull Acad. St. Petersb. 18:398). For purposes of 
perspicuity and defi nition, they may well be kept separate 
in the books... Glycine was once applied to Wistaria. It is 
sometimes used for that genus at the present day in foreign 
lists (L.H.B.)”
 Vol. 4, p. 1693 states: “Soy Bean (Glycine hispida, 
which see for botanical description) is a legume, and while 
it has long been a staple crop in Japan it has but somewhat 
recently been cultivated in the United States. Figs. 191, 
195. It grows to perfection only in a tropical or semitropical 
climate. In its native country, Japan, the seed is an important 
human food product, but in the United States its principal use 
at present is as a forage plant for farm live stock and as a soil 
renovator...
 “To the horticulturist the Soy Bean is valuable chiefl y 
as a soil renovator... When the soil is so hard and forbidding 
that clover will not thrive the Soy Bean may be made to 
serve as a nitrogen gatherer, and when plowed under it serves 
to greatly improve the physical condition of the land. See 
also Glycine (L.A. Clinton).” Address: Prof. of Horticulture, 
Cornell Univ., New York.

132. Johnson & Stokes. 1900. Garden & farm manual (Mail-
order catalog). Philadelphia, Pennsylvania. 92 p.
• Summary: In the section on “Selected Farm Seeds,” page 
62 now gives details on two soybean varieties: (1) “Soja 
Bean–Late Variety–For the past few years the Soja Bean, 
which we have cataloged for at least twelve years as being 
valuable for forage, not producing seed in the Northern 
States, has been advertised in a sensational way by certain 
seedsmen as German Coffee Berry. The dry beans, roasted 
and ground, closely resemble and taste very much like 
coffee. Its great value, however, is as a forage crop and for 
fertilizing the soil and for pasturing or feeding the green 
fodder...”
 (2) “Soja Bean–New Early Variety–The ordinary soja 
bean, previously described, while valuable to the South, is 
too late to be of value in the far Northern States. This variety 
ripens in northern New York and the New England States, 
where its has been grown over four feet in height, heavily 
podded with seed and yielded over ten tons per acre. It is 
a valuable fodder variety either for feeding green or for 
the silo. Being a rich nitrogenous feed, it is unsurpassed 
as a fl esh former, and, like the clovers, is a soil improver, 
deriving its nitrogen from the air. Pkt., 10c.; lb., 25c.; 3 lbs. 
for 60c., by mail, postage paid: by express or freight, qt., 
25c.; peck, $1.00; bushel of 60 pounds, $3.75.”
 A photo (p. 1) shows the front of the company’s 5-story 
building in Philadelphia. Johnson & Stokes sells “Seed and 
Implements.” Note: This is the earliest Johnson & Stokes 
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seed catalog seen (July 1999) which offers two soybean 
varieties–an early and a late. The source of this new early 
variety is not clear.
 This catalog is owned by the Smithsonian Horticulture 
Branch Library in Washington, DC. Call number: 11053. 
Address: 217 & 219 Market St., Philadelphia, Pennsylvania.

133. Lane, Clarence B. 1900. Report of the Assistant in 
Dairy Husbandry. New Jersey State Agricultural Experiment 
Station, Annual Report 20:189-269. For the year ending 31 
Oct. 1899. See p. 194-200.
• Summary: A table (p. 194) shows the “Cost and yield per 
acre of soiling crops,” including soy beans. In the section 
titled “General remarks concerning crops” (p. 195) we read: 
“Cow peas and Soy Beans–One acre of each was grown. 
The cow peas were sown broadcast, and the soy beans were 
drilled. The yields were 10.2 tons and 5.2 tons, respectively. 
As in previous years, the cow pea proved to be the more 
valuable crop.
 In the section titled “A special experiment with forage 
crops” is a description of each of the 13 varieties grown 
successfully, including (p. 197) “Soy beans.–A plant rich 
in protein but coarser and less succulent than the cow pea. 
Yield, 5.15 tons per acre.” Also described in this section 
are: Yellow branching doura (millo maize), rural branching 
doura, red and white kaffi r corn, teosinte, dwarf essex rape, 
cow pea, and velvet bean. “The following crops tested were 
practically a failure: Horse Bean, White Lupine, Yellow 
Lupine, Blue Lupine, Sainfoin, Seradella [Serradella], 
Chicory and Spurry.”
 The section titled “An experiment with inoculating 
soy beans” (p. 199-200) begins: “An area of one acre of 
sod ground was plowed in the fall of 1896 and sown to 
wheat. The two seasons following this fi eld was planted 
to soy beans, and the yields were 5.50 tons and 5.16 tons, 
respectively. The roots of the plants were examined from 
time to time for tubercles, but none were found. It was 
planned the third season to introduce the germs of soy bean 
tubercles (1) by adding soil from old soy bean land, (2) 
by adding dust from the fl oor where soy beans had been 
threshed. The area of one acre was divided into fi ve belts.
 “Belt No. 1 received one peck [9.3 quarts] of soil taken 
from old soy bean land. This soil was sent to us by the 
Massachusetts Experiment Station. The beans were drilled 
in with an Aspinwall planter on all of the belts. The soil 
was distributed by means of the fertilizer attachment to the 
planter.
 “Belt No. 2 received one peck of dust collected from the 
fl oor where soy beans had been threshed. The dust was also 
sent to us by the Massachusetts Experiment Station. It was 
distributed in the same manner as the soil on Belt No. 1.
 “Belts Nos. 3, 4 and 5 were not inoculated. From the 
time the plants were 6 inches high, there was seen to be a 
marked difference between those of the untreated and those 

of the treated belts, the latter being noticeably larger and of a 
deeper green color.
 “The yield of forage on the different belts was as 
follows: with one peck of soil, 2,400 pounds; with one peck 
of dust, 2,600 pounds; average for the three belts untreated, 
2,058 pounds. The gain from applying one peck of soil and 
one peck of dust to belts containing one-fi fth of an acre was 
342 pounds, or 16.6 per cent., and 542 pounds, or 26.3 per 
cent., respectively.”
 A photo (p. 198) shows three soy bean plants and roots: 
(a) Inoculated with soil, (b) Untreated, and (c) Inoculated 
with dust. Address: Asst. in Dairy Husbandry, New 
Brunswick, New Jersey.

134. Wilkinson, John Walter. 1900. Practical agriculture: 
a brief treatise on agriculture, horticulture, forestry, stock 
feeding, animal husbandry, and road building. New York, 
Cincinnati, Chicago: American Book Co. 383 p. See p. 100-
02. Illust. Index. 21 cm.
• Summary: The soy bean is mentioned on pages 93, 96, 
100-03, 127, 291, 302, and 356. In the chapter on “Forage 
crops,” the section titled “The soy bean, or soja bean” (p. 
100-02) states that it “is a native of Japan, but it grows well 
in the United States, especially in the States of the corn belt 
region. Like the cowpea, it is a great soil renovator, and is 
much used by some farmers for this purpose. This plant is 
remarkable for the large and abundant tubercles found upon 
its roots. It is a hardy, upright annual, growing usually to the 
height of three feet or more. It bears violet-tinted fl owers, 
which are small and inconspicuous. Later these produce pods 
which contain the seed. In planting the seed should be drilled 
so that the drill rows will be thirty to thirty-six inches apart. 
The amount of seed sown varies from a peck to one third of a 
bushel per acre. In harvesting the seed the work may be done 
by hand, but this is slow and expensive. When large crops 
are raised, the bean harvester is generally used.
 “The harvester, which is mounted on wheels, is fi tted 
with rods on rolling dividers so that the vines are gathered 
two rows at a time and brought together at the rear end of 
the machine in a windrow, the plants being almost entirely 
free from roots and dust. The roots are severed by two knives 
which are set in a V-shaped position, and adjusted by levers 
in such a manner that they can be set to run just below the 
surface. In harvesting the crop these knives not only sever 
the plant from the root, but in passing beneath the surface 
they also stir the soil and leave it in an excellent condition 
for wheat. Planting the beans in rows thirty to thirty-six 
inches apart facilitates harvesting where one of these 
machines is used.
 “Soy beans may be frequently sown after other crops 
have matured and a fair yield be obtained. In Oklahoma and 
in a few other States it has been grown successfully on the 
same ground after the wheat crop has been removed.”
 Table 1, from Bulletin No. 74 of the Oklahoma Agric. 
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Experiment Station shows “The composition of cow peas 
and soy beans in comparison with other feeds,” including soy 
bean seed, cowpea seed, cotton seed, Indian corn–grain, soy 
bean hay, cowpea hay, alfalfa hay, Indian corn stover.
 The Oklahoma bulletin concludes: “’In this table 
suffi cient data are submitted to enable one to make a 
threefold comparison. First, cowpea seed and soy bean seed 
are compared with Indian corn grain and cotton seed, and the 
conclusion is self-evident that these grains are appreciably 
richer in ash and protein than the grain obtained from the 
Indian corn plant. The soy bean contains a high percentage 
of fat, and a comparatively low percentage of the nitrogen 
free extract, while with Indian corn the reverse is the case. 
The soy bean stands in advance of the cowpea notably 
in fat and protein. It is also clear that the grain produced 
by these legumes compares very favorably with cotton 
seed. The fi gures also indicate that soy bean and cowpea 
hay are slightly superior to alfalfa from the standpoint of 
composition, while corn fodder is decidedly inferior to any 
of these legumes. The mixing of soy bean hay with corn 
fodder during the ensiling process would appear to be a good 
practice, since an improved product is the result.’”
 An illustration (p. 100) shows a “Bean harvester.” 
Address: A.M., Asst. State Superintendent of Education, 
Guthrie, Oklahoma. Formerly Prof. of Agriculture in 
Northwestern Normal School, Alva, Oklahoma.

135. Soule, Andrew M.; Vanatter, P.O.; Fain, J.R. 1901. 
Experiments with corn, forage crops and spring cereals. 
Tennessee Agricultural Experiment Station, Bulletin 14(1):1-
31. Jan. See p. 10-11, 16-17, 22, 25-31.
• Summary: Table III, titled “Experiments with forage crops, 
1900” (p. 10) states that Soja beans which were seeded 
(planted) on May 1 matured on Oct. 12, and gave a yield of 
5.95 tons of green crop per acre. The highest yields came 
from teosinte (26.25 tons), rape (18.50 tons), and corn (17.60 
tons).
 Table VI (p. 16-17) shows the results of growing soja 
beans for hay and “green food” in 1900. The varieties with 
their yields (tons of gross crop per acre) are as follows (listed 
in descending order of yield): Soja Bean, No. 4912 (5.94 
tons/acre), Soja Bean, No. 4914 (5.70), Soja Bean, No. 4913 
(5.25), Medium Green Soja Bean (5.10), Common Soja Bean 
(3.60), Medium Early Soja Bean (3.30), Extra Early Dwarf 
Soja Bean (1.29).
 Most varieties were obtained from the USDA and 
planted on May 4, at the same time as cowpeas. The best 
yield secured was 5.94 tons/acre from Soja Bean No. 4912, 
which grew to an average height of 34 inches and was cut on 
July 31.
 Table XII (p. 22) shows the digestible nutrients and 
fertilizing constituents contained in 8 leading farm crops, 
including Soja beans.
 The section titled “Importance of studying roots” (p. 

24-29) includes a discussion of soja bean roots (tap root, 
branching roots, size and number of nodules). A photo 
(p. 27) shows the roots of cowpea and soja bean plants at 
different stages of growth. Address: Knoxville.

136. Malpeaux, L. 1901. Expériences sur la culture des 
Légumineuses [Experiments on the cultivation of legumes]. 
Annales Agronomiques 27(2):65-81. Feb. 25. [Fre]
• Summary: Wilson (1917, p. 371) states: “Malpeaux also 
has observed the action of nitrates on nodule production of 
lupines. The addition of nitrate of soda diminished nodule 
formation and in a certain concentration prevented nodule 
development.”
 Soy is not mentioned. Address: Professeur d’agriculture 
à l’école d’agriculture du Pas-de-Calais..

137. Cottrell, H.M.; Otis, D.H.; Haney, J.G. 1901. Soy beans 
in Kansas in 1900. Kansas Agricultural Experiment Station, 
Bulletin No. 100. p. 55-115. March. (Issued April 1901).
• Summary: This is an extremely detailed report, remarkable 
for soy beans in the year 1900. It is composed mainly of 
county by county reports by farmers of planting tests made 
during the year, and yields of forage and/or seed. The fi rst 
general trials of soy beans throughout the state of Kansas 
were made in the summer of 1900.
 One table (p. 58) shows the “Yield per acre on the 
college farm” of soy beans, corn and kaffi r corn from 1889 
to 1900, inclusive. The average soybean yield over these 12 
years was 12 bushels/acre, the top yield was 17.0 bu/acre in 
1889, and the lowest was 2.6 bu/acre in 1894.
 A second table, titled “Varieties of soy beans” (p. 59), 
shows the varieties tested, the source of the seed (many 
seedsmen), the yield of beans per acre, the yield of hay per 
acre, and the days from planting to maturity. The varieties 
with their yields in bushels per acre (sorted in descending 
order of seed yield) are: Early Yellow, from Kansas State 
Agricultural College (7.4 bu/acre), Early Soy, from Peter 
Henderson & Co. (New York) and Johnson & Stokes 
(Philadelphia, Pennsylvania) (6.5 and 6.2), Dwarf Soy, from 
George W. Hilliard (Brighton, Illinois) (6.4), American 
Coffee, from J.J.H. Gregory (Marblehead, Massachusetts) 
(5.5), Medium Early Black, from J.J.H. Gregory (3.0), 
Extra Early Dwarf, from J.J.H. Gregory (2.7), Late Soy, 
from Johnson & Stokes (* = did not mature), Medium 
Soy, from Hilliard (*), Chastain Soy, from E.N. Chastain 
(Hume, Missouri) (NS = no stand), Nalrade, from Japan 
(Days from planting to maturity: 166), Asahi, from Japan 
(Days to maturity: 166), Tamarat Sukun, from Japan (Days 
to maturity: 151), Soy bean 4912, from USDA, from Japan 
(Days to maturity: 128), Best White 4913, from USDA, from 
Japan (Days to maturity: 128), and Best Green 4914, from 
USDA, from Japan (Days to maturity: 166). Early Yellow 
also gave the best yield of hay (1.4 tons/acre).
 A map (p. 60) shows where soy beans were grown in 
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Kansas in 1900; they were grown in at least one location in 
75 of the of the 105 counties of the state. These locations 
are concentrated in the eastern one-third of the state, and 
especially in the northeast.
 The report concludes by stating that “a majority of the 
292 who reported growing soy beans in 1900 think them a 
profi table crop, and this with a new crop, in an unfavorable 
season.”
 Most farmers who tested soy beans responded to most 
of the following questions (their letters were condensed to 
5-15 lines typeset): Have you grown soybeans before; if so, 
starting when? Type of soil in which this year’s crop of soy 
beans was planted? Method and date of planting. Spacing 
between rows, and of plants within each row. Method and 
frequency of cultivation. Method of harvesting (one of the 
biggest problems). Pests you noticed (rabbits–often jack-
rabbits–and grasshoppers were reported by many; only a 
few reports mentioned injury from other insects, and none 
from diseases). Yield of beans (most farmers got less than 
15 bushels/acre; the highest yield was 31 bu/acre). Results 
of feeding beans or plants to livestock (almost every feeding 
trial was highly favorable; hogs, milch cows, and sheep 
generally thrived on them). Degree of satisfaction with the 
crop and its profi tability. Do you plan to try soy beans again 
next year? Many farmers reported that the beans withstood 
drought very well. No mention was made in the Bulletin of 
any farmer having tried the soy bean as food.
 H.C. Whitford, of Garnett, in Anderson County: “Tried 
to cut with mower, but this broke the clods and we had 
to resort to hand pulling. Got badly injured in the shock. 
[Presumably the soy beans, not Whitford.] I thought them 
worthless and fed them to hogs; the hogs were very fond 
of them.” William Matthias, of Huron, in Atchison County: 
“Pigs and poultry got a taste of the ripe beans, and they made 
desperate raids on the fi eld.”
 Joseph Shaw, of Strong, in Chase County: “Pigs were 
crazy for them, and ate stalks and all.” John German, of 
Hiattville, in Bourbon County, said his hogs wouldn’t touch 
the beans, although his calves and yearlings would. C.O. 
McLane, another Bourbon County man, from Uniontown, 
said concurringly that calves and also colts would climb 
low fences to get at some sorghum he had liberally laced 
with soybeans. Many respondents grumpily observed that 
soybeans were relished by rabbits.
 Concerning soybean pioneers: H.J. Gifford of Haviland, 
in Edwards country: “I have planted the Little Yellow soy 
bean on a small scale for the past seven years [since about 
1894]–principally as a coffee substitute.” Gustave Koehler 
of Troy, Doniphan County: “I have raised the soy bean 
for years, and fi nd it not a paying crop.” Carl L. Howe of 
Emporia, in Lyon County: “Have raised soy beans for four or 
fi ve seasons...”
 Full-page photos show: 1. Early Yellow soy bean (p. 83). 
Brooks early soy bean (Henderson; p. 85). Early Yellow soy 

beans in the fi eld (p. 87). Sixteen acres of Early Yellow soy 
beans (p. 89).
 An excellent summary (p. 111-15) is given of these tests 
by Kansas farmers. The Early Yellow variety gave the best 
results. 135 farmers (46%) stated that soy bean is a profi table 
crop, 68 had a favorable opinion but needed further trial, 33 
gave an unfavorable report, and 30 found the crop to be a 
total failure. The others did not express their opinion. “The 
season was the most unfavorable for growing soy beans 
but one that we have had in twelve years.” Another major 
reason for low yields was probably the failure to inoculate 
the soy beans with nitrogen-forming bacteria before planting. 
Inoculated soil was fi rst sent to 25 farmers in the spring 
of 1900; roughly 1,000 to 1,200 lb of inoculated soil are 
required per acre. “Soy beans have been grown on the 
College farm for twelve years... On Kansas farms where 
there is a suffi cient supply of alfalfa for all the stock, we 
do not think it will usually pay to grow soy beans. Alfalfa 
supplies protein and mineral matter at a less cost than soy 
beans.”
 Note 1. This is earliest English-language document 
seen (June 2004) that uses the term “pest” or “pests” in 
connection with soybeans.
 Note 2. This is the earliest document seen (July 2013) 
that mentions the soybean varieties Tamarat Sukun, Nalrade, 
Asahi, or Best Green.
 Note 3. This is the earliest document seen (Dec. 2005) 
that contains a map directly related to soybeans. Address: 
Manhattan.

138. Phelps, C.S. 1901. The soy bean as a forage and seed 
crop. Connecticut (Storrs) Agricultural Experiment Station, 
Bulletin No. 22. 20 p. April.
• Summary: Contents: Introduction. Varieties. Uses of the 
crop. The soy bean as a forage crop: As a soiling crop, as 
a silage crop, soy bean fodder compared with corn fodder 
[from “Indian corn”], proportions of nutrients in soy bean 
fodder, digestibility of the nutrients of soy bean fodder, 
comparison of the amounts of digestible nutrients in soy bean 
and corn fodders. The soy bean as a seed crop: Introduction, 
proportions of total and digestible nutrients in soy bean seed, 
feeding value of soy bean meal. Culture of the soy bean: Soil 
and fertilizers, seeding and cultivating, harvesting (use as 
a soiling crop for milch cows, growing for silage, growing 
for seed), methods of introducing the nitrogen gathering 
germs, experiments on inoculating soy beans to produce root 
nodules. Summary and deductions.
 “The soy bean is a legume... It is a native of southern 
or eastern Asia, and has been cultivated in China and Japan 
from very early times. In those countries it is cultivated 
principally for its seed, which is used as food for man... 
In this country it has been grown for many years, chiefl y 
in the South; but only within fi fteen years has it received 
much attention as a forage or grain crop in other parts of the 
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country... The Storrs Station began studies on the soy bean 
in 1890, and has cultivated the crop and continued its studies 
each year since then” (p. 3).
 “Several varieties of the soy bean are grown in this 
country. They are distinguished chiefl y by the color of the 
seeds and the time of reaching maturity. The most valuable 
varieties grown in recent years were imported from Japan, 
and were brought to the attention of the farmers in this 
country by the Hatch Experiment Station of Amherst, 
Massachusetts. The three leading varieties are the early 
white, the medium early green and the medium black. The 
fi rst named produces a small plant and a rather light growth 
of seed. It is better adapted than the other varieties to rather 
poor soils, and is valuable mainly for its seed, as it produces 
a small amount of forage. The medium early green is 
valuable either as a forage crop or for its seed. It produces 
a heavy growth of leafy fodder, and will generally mature 
a large amount of seed before frost. The medium black is a 
large, leafy plant much like the medium early green, except 
that it does not produce quite as heavy yields of fodder and 
requires a little longer season in which to mature its seed” (p. 
3-4).
 Seed crop: “During the past ten years the soy bean 
has been quite generally recommended in this country as a 
valuable crop to grow for seed to be ground into meal... The 
Hatch Station at Amherst, Massachusetts, reports yields of 25 
to 40 bushels per acre...” (p. 12).
 Harvesting: “When grown for seed the crop should 
remain standing until the seeds are well matured. By this 
time most of the leaves will have dropped. The plant should 
then be pulled or cut and placed in small stooks [British 
word for shocks]. As soon as dry the crop should be hauled 
and stored in a dry place. If left in the fi eld after the pods 
become dry the seeds are liable to scatter [shatter] badly by 
the snapping open of the pods and considerable waste will 
result in case the weather is dry” (p. 15).
 “Methods of introducing nitrogen gathering germs” 
(p. 15-17). It is well known that plants belonging to the 
legume group “are able to acquire nitrogen from the air. 
This nitrogen is taken into the plants through the agency of 
bacteria that live in the little wart-like bunches on the roots, 
known as root tubercles or nodules. The nodules are the 
home of the bacteria, and several distinct species or kinds of 
bacteria are found on the roots of different kinds of plants. It 
seems to be well proven that where the nodules are not found 
on the roots the plant does not acquire atmospheric nitrogen, 
except possibly in very small amounts. The proper species of 
bacteria for the inoculation of most of our common legumes 
are found in nearly all soils.” “The introduction of the germs 
may be brought about in any of three ways: fi rst, the spores 
of the bacteria may be carried to and introduced into the new 
soil with the seed; second, the spores may be introduced 
by mixing with the soil of the new fi eld a small amount of 
soil from a fi eld where the beans have been grown and have 

produced nodules; third, the spores may be introduced by 
gathering the dust and dirt that falls from the roots of the soy 
beans when threshed, and applying it in the soil when the 
beans are planted.”
 “Experiments on inoculating soy beans to produce root 
nodules” (p. 17-19). “The Station began to grow soy beans 
in 1890 and has grown them each year since; but for the 
fi rst three years no nodules were found on the roots. During 
this time the yields were light, unless the crop was heavily 
fertilized, and the foliage was pale yellow in color. In 1893, 
seed of the early white variety was obtained form the Hatch 
Station, of Amherst, Mass., and, at the same time, some soil 
from a fi eld where soy beans had been grown by that Station 
and where the nodules were abundant the year before. This 
soil was obtained for the purpose of introducing nitrogen 
gathering germs. Six hundred pounds were scattered over 
about one-tenth of an acre at time of planting.” By mid-
summer, the soy beans on the larger fi eld, over which the 
special soil had been scattered, had their roots covered with 
nodules; no nodules were found on the soy beans in fi eld to 
which no imported soil had been added. “The plants upon 
which no nodules were found were pale yellow in color and 
produced a light growth of seed. The plants [with nodules] 
on the larger fi eld made a vigorous growth and seeded 
heavily.”
 “The results of this test seem to indicate that the 
presence of the nitrogen gathering bacteria, as indicated 
by the abundance of nodules, increased the percentage of 
nitrogen and of protein in the seed. This experiment would 
seem to show that the presence of the nodules is not only 
accompanied by an increase in the amount of the crop, but, in 
this case at least, by an increase in the proportion of protein 
as well. The only other experiment similar to this that has 
come to our attention was made by D.H. Otis, and reported 
by the Kansas Station in Bulletin 96. In this experiment, 
however, the ripe seeds were discarded and only the stems 
and leaves were analyzed.”
 A table (p. 18) shows that the soybean seeds from plants 
having abundant nodules on the roots contained about 10% 
more nitrogen and protein (on a water-free basis) than seeds 
from the plants with few or no nodules (p. 17-19).
 Other tables show: (1) Soy bean fodder: Yields per 
acre with different types of fertilizers, 1895-1899. (2) 
Proportions of total and digestible nutrients in the fresh 
(green) substance of soy bean fodder, corn fodder, and 
corn silage. (3) Proportions of the total nutrients that are 
digestible in soy beans compared with those of other feeding 
stuffs. (4) Experiments with soy bean and corn grown for 
fodder. Estimated amounts of digestible nutrients per acre. 
(5) Composition of soy bean seed compared with that of 
other grain feeds (incl. Chicago Gluten meal). (6) Effect of 
nitrogen gathering bacteria on the percentage of nitrogen 
and protein in the seed. Address: Vice-Director of the Station 
and Agriculturist, Mansfi eld (P.O. Storrs), Tolland County, 
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Storrs, Connecticut.

139. Allen, E.W. 1901. The feeding of farm animals. Revised 
ed. Farmers’ Bulletin (USDA) No. 22. 39 p. See p. 8, 20, 34.
• Summary: A table (p. 12) gives the “Dry matter and 
digestible food ingredients in 100 pounds of feeding stuffs.” 
It includes values for green fodder from soy bean, hay from 
soy bean and soy bean straw.
 In the section on “Selection of feeding stuffs,” the 
sub-section titled “Manurial value” states (p. 23-24): “It 
will be seen by referring to the table of feeding stuffs given 
above that hay from the leguminous crops–clover, lupines, 
alfalfa, cowpea, etc.–contains about twice the quantity of 
digestible protein that hay from the grasses does... The seeds 
of these plants (cowpea, soy bean, etc.) are exceedingly rich 
in protein and can take the place of expensive commercial 
feeds. By growing and feeding more leguminous crops the 
amount of grain required is diminished, the value of the 
manure is increased, and the soil is enriched in fertility. 
Further than this, it has been demonstrated within the last 
few years that leguminous crops are able to derive the 
larger part of this nitrogen from the atmosphere during their 
growth, requiring little manuring with nitrogenous manures. 
They therefore enrich the soil, the ration, and the manure in 
nitrogen which they derive from the atmosphere without cost 
to the farmer, besides improving the mechanical and physical 
condition of the soil.” Address: Ph.D., Asst. Director of the 
Offi ce of Experiment Stations.

140. Conn, Herbert William. 1901. Agricultural bacteriology: 
A study of the relation of bacteria to agriculture, with special 
reference to the bacteria in the soil, in water, in the dairy, 
in miscellaneous farm products, and in plants and domestic 
animals (Continued–Part II). Philadelphia, Pennsylvania: P. 
Blakiston’s Son & Co. vii + 17-412 p. Illust. 22 cm. [265* 
ref]
• Summary: Part II of this book is “Bacteria in soil 
and water” (p. 53-174). In the section on “Bacteria and 
leguminous plants,” the subsection titled “Nitrogen fi xation 
by legumes” (p. 136-37) notes that in 1881 it was shown that 
peas and other legumes can assimilate atmospheric nitrogen. 
“This conclusion, so contradictory to the belief accepted at 
the time, was at fi rst vigorously disputed; but, upon being 
subjected to further experimentation by many observers, was 
found to be strictly correct. Many of the plants of the great 
family of legumes certainly do have the power, under certain 
circumstances, of fi xing atmospheric nitrogen and absorbing 
it into their tissues.” During the next 10 years it was shown 
that this fi xation was dependent on the growth of certain soil 
bacteria associated with “root tubercles” on the legumes (p. 
137).
 Note 1. This is the earliest English-language document 
seen (Aug. 2018) that uses the term “nitrogen fi xation” in 
connection with legumes.

 “Only such plants as developed tubercles were able 
to increase the amount of nitrogen in their tissues, and the 
amount of nitrogen fi xation was roughly proportional to the 
development of tubercles” (p. 139).
 In 1866 Woronin found small bodies (whose nature he 
did not understand) inside the tubercles (p. 140). These small 
bodies were soon found to be bacteria, and Beyerinck–who 
fi rst studied them with care–gave them the name Bacillus 
radicicola (p. 142). By 1901 it was known that the bacteria 
enter by passing through the delicate root hairs” (p. 143).
 Note: This is the earliest document seen (Sept. 2018) 
that contains the term “root hairs” in connection with 
soybean nodulation.
 “The tubercle, therefore, may be regarded as a peculiar 
abnormal growth of the root of the leguminous plant, 
stimulated by the presence of invading organisms” (p. 144). 
Whether “it is the legume or the bacterium which fi xes the 
nitrogen, or whether it is a phenomenon occurring only as 
a result of the two organisms combined together in a united 
growth, is not so clear” (p. 145).
 It is now generally believed that the leguminous plant 
and the bacteria together, by symbiosis, absorb and fi x 
atmospheric nitrogen, “each benefi tting by the presence of 
the other.”
 The section titled “Different species of the tubercle 
organism” notes (p. 148-49) that “the soil of Connecticut 
is not adapted to the legume called the soy bean. When this 
bean is planted in the ordinary Connecticut soil it does not 
fl ourish but yields a small crop, unless heavily fertilized, and 
does not produce tubercles. This species does, however, grow 
readily in Massachusetts. Some years ago the experiment 
was tried of importing the Massachusetts soil, upon which 
this plant had produced abundant tubercles, and mixing it 
with the Connecticut soil, subsequently planting the soy 
bean. The result was an excellent growth of the soy bean 
and the development of tubercles in the Connecticut soil. 
At the present time these particular plots of land are capable 
of producing large luxuriant crops of the soy bean, with 
abundant root tubercles and a large fi xation of atmospheric 
nitrogen. It is interesting to note that the same experiment 
has been repeated in Germany, where the soy bean does not 
readily grow. In this case soil was imported from Japan, 
where the plant fl ourishes, and was used for supplying 
the German soil with the proper species of organism. The 
result was equally successful with those of Connecticut 
experiments. Evidently Connecticut soil does not contain the 
species of bacteria adapted for producing the tubercles in the 
soy bean, although those which produce tubercles on the pea 
and the clover are abundant enough.
 “These experiments indicate that the root-tubercle 
bacteria are not all alike...”
 In the section titled “Importance of the leguminous crops 
to agriculture,” a subsection titled “Selection of a proper 
legume” (p. 152) notes: “The most vigorously growing 
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legume is best. The plants most commonly found useful are 
peas, cow peas, beans, soy beans, alfalfa, vetches, seradella 
[serradella], and some others.”
 The next subsection titled “Insuring presence of proper 
bacteria” (p. 152-53) states: “As already mentioned some 
species of legume fi nd in a certain soil the tubercle organism 
adapted to them, while other species of legume will not 
fi nd the proper organism in the same soil. The soy bean is a 
most excellent crop for this purpose, since it is an extremely 
luxurious growing legume, producing abundant tubercles and 
a large fi xation of nitrogen when supplied with the organisms 
which produce tubercles. But in order to make use of this 
crop it may be necessary to import the proper bacteria from 
other soils.”
 During the past few years “bacteriologists” have 
attempted to meet these diffi culties by “furnishing to the 
agriculturist a culture of the tubercle bacteria for the purpose 
of inoculating his soil, and thus providing it with the proper 
organisms to produce the tubercles. Such a material has 
now been on the market and under experimental tests for 
several years under the name of Nitragin. This commercial 
product is found by analysis to consist of a practically 
pure culture of certain of these tubercle bacteria, which are 
capable, when inoculated into sterilized soil, of producing 
the tubercles upon the roots of leguminous plants. Although 
the method of manufacture is not known, there is little 
doubt that the material comes directly from the tubercles of 
certain leguminous plants, and that the bacteria thus obtained 
have been produced in large amount in the bacteriological 
laboratory” (p. 154).
 Note 2. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “bacteriologists” or 
“bacteriology” (or “bacteriologist”) in connection with 
nitrogen fi xation by legumes.
 Experiments with Nitragin have been carried on in 
large numbers in many localities for some years. “The 
results of the use of this material have been very irregular.” 
Some experimenters have found no advantage accruing 
from its use. However quite a number “have found that 
the inoculation of Nitragin into the soil has increased the 
yield and produced a larger fi xation of nitrogen” (p. 154-
55). It works very well in sandy soil. Note 3. No address 
for ordering Nitragin is given. Address: Prof. of Biology, 
Wesleyan Univ., Middletown, Connecticut.

141. Everitt (J.A.), Seedsman. 1901. OK Seeds. Indianapolis, 
Indiana: J.A. Everitt. 134 p. See p. 84. Illust. 23 cm.
• Summary:  See next page. Pages 84-85: “Soy bean–
(Glycine Hispida.)
 “Also called Soy, Soya, and Soja Bean. And by those 
who deceive the farmer into paying fancy prices, called 
Coffee Bean, Coffee Berry, German Coffee Berry, Japanese 
Jaavaa [sic] Coffee, American Coffee Berry, etc, etc.
 “We have the following from the U.S. Department of 

Agriculture:...”
 Page 85 (right hand page) is titled “The Soy Bean as 
a substitute for coffee.” Followed by numerous positive 
testimonials.
 Note: This catalog is owned by Special Collections, 
USDA National Agricultural Library, Beltsville, 
Maryland. It has been digitized and is available on the 
Internet Archive website: https://archive.org/details/usda-
nurseryandseedcatalog Address: 227 West Washington St., 
Indianapolis.

142. Laurent, Émile. 1901. Observations sur le 
développement des nodosités radicales chez les 
Légumineuses {Observations on the root nodules of 
legumes]. Comptes Rendus des Seances de l’Academie des 
Sciences (Paris) 133:1241-43. [1 ref. Fre]
• Summary: Wilson (1917, p. 412) states: “Laurent (1901) 
has contributed more extensively to this subject. He 
employed a variety of peas, and used small soil plats which 
were fertilized with a number of substances in excess of 
what the plants would use. He found: (1) that plants from 
the ammonium sulfate plat had only a few nodules, these 
being distributed over the lateral roots; (2) that plants from 
the plat receiving potassium salts were abundantly provided 
with nodules, which were massed together on the main 
root; (3) that with superphosphate of lime present, plants 
showed abundant formation of nodules, which were massed 
together on the principal roots; (4) that lime alone stimulated 
nodule production in great masses; (5) that sodium chloride 
stimulated the formation of numerous small nodules.” 
Address: Ancien Pharmacien Principal au Laboratoire des 
Expertises du Comite de l’Intendance, France.

143. Teysmannia (Batavia [Jakarta]). 1901. De 
wortelknolletjes der Peulvruchten [The root nodules of 
leguminous plants (Abstract)]. 11:390-97. See p. 390-91, 
397. [Dut]
• Summary: Contains a long Dutch-language summary of 
the following English-language article: Cottrell, H.M.; Otis, 
D.H.; Haney, J.G. 1900. “Farm Department. Soil inoculation 
for soy beans.” Kansas Agric. Exp. Station, Bulletin No. 96. 
p. 97-116. May. The word “soybeans” is translated as katjang 
kadeleh and Soya boonen.

144. Parsons, Adrian A. 1902. Soy beans. Ohio Farmer 
101(3):43. Jan. 16.
• Summary: “(Hendricks Co., Ind., latitude 39.75 degs.)
 “Seven consecutive crops without a single failure, 
having fed them to all kinds of stock in all stages of growth 
with most gratifying results. Is the soy bean in this latitude in 
the experimental stage? If so when will it pass it? When the 
men that discuss agriculture under the awnings of the corner 
grocery agree that book farming pays, I suspect.
 “I believe all that has been written about their feeding 
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value is true, and while a full crop cannot be made without 
rain, they gave us much better results for labor last season 
than any other crop we had planted, and as to their effect as 
soil renovators, I think Purdue University’s exhibit at Indiana 
state fair would be conclusive proof of their superiority. 
The exhibit was made to show the nodules on the roots of 
all common legumes, secured by inoculation with nitrogen 
spores, but the roots themselves were an object lesson, the 
single soy bean stalk had more roots than the clovers and 
peas combined.
 “Those only who farm intensively will succeed with soy 
beans. The man who grows two crops on the same ground at 
the same time, with one of them weeds, should never try soy 
beans; better try cowpeas, or better sell out and give all his 
time to politics.
 “Soy beans I believe have a place on every farm, the 

place now fi lled by oil meal, cotton seed meal and gluten 
feeds, because they can be produced so much cheaper. The 
amount grown must be decided by the individual. If he has 
plenty of land, and follows a long rotation, and can grow 
clover, much of his protein can be secured that way with less 
labor, but if his acres are limited and his rotation most be 
short, then the soy bean, the quickest and greatest of all the 
legumes will fi ll the bill.
 “I think they will grow wherever common corn 
will mature. I have sent seed to Wisconsin that made a 
satisfactory crop the fi rst season, and I have sold seed that 
was planted within four miles of us that made a complete 
failure; weeds and rabbits took them. A little cultivation at 
the right time is the geography of success. I have no seed to 
sell this year as other feeds are so scarce and high that our 
entire crop will be required for home use.–A.A. Parsons.”
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 Note: Adrian Parsons says he has grown seven 
consecutive crops of soy beans without a single failure. If 
he started in 1895, then 1901 (the last year he could have 
had a crop) would be his 7th year. Address: Hendricks Co., 
Indiana.

145. Garman, H. 1902. 1. Kentucky forage plants–The 
clovers and their allies. Kentucky Agricultural Experiment 
Station, Bulletin No. 98. p. 1-46. Feb. 25. See p. 16-21, plus 
fi gs. 5-7 on unnumbered pages after p. 48.
• Summary: In the section on “List of Kentucky 
Leguminosae, with notes,” the long subsection titled 
“Glycine hispida (Soy Bean, Soja Bean)” (p. 16-21) begins: 
“This forage plant caught the attention of Kentucky farmers 
recently, and has risen rapidly in favor; promising in the 
end to displace the cowpea. Its upright growth gives it the 
advantage of [over] cowpeas in cutting and curing. It makes 
good hay and silage, is a convenient soiling crop, and the 
seeds make good feed for most stock. They make a very 
acceptable dish for the table also, either picked green or 
when thoroughly ripe. The plant is a soil renovator, and 
endures severe drought well. In short, it has more good 
qualities than any other forage plant that has recently 
engaged the attention of farmers.”
 The subsection on “Yield” notes that in 1900, a variety 
imported from Japan and obtained from the United States 
Department of Agriculture yielded at the rate of 26.67 
bushels per acre; the plants were without tubercles. “In 1901 
some of the seed of this variety, sown in the same plat as in 
1900, yielded at the rate of 36 bushels per acre, the plants 
bearing many root tubercles.” Later it yielded 40 bushels/
acre without tubercles. Another variety (“Seed bought of 
J.M. Thorburn & Co.) yielded only 20½ bushels per acre.” 
The late varieties make good hay or silage. Also discusses: 
Its value as a forage. Its value as a fertilizer. Insects and other 
enemies.
 “Soy beans have the same effect as a green fertilizer 
as cowpeas.” But there must be tubercles on the roots for 
the plant to be effective in this way. “Planting a second 
season on the same land appears to be necessary to get the 
soy bean at work as a nitrogen fi xer... The nodules can be 
grown artifi cially the fi rst season... Through the kindness of 
Dr. L. Hiltner, of Berlin, Germany, I received in June, 1901, 
test tubes containing cultures of bacteria for soy beans, red 
clover, and alfalfa.”
 “At present the plants are attacked by but few insects, 
and appear to be equally free from fungus enemies. 
Grasshoppers (mostly the red-legged grasshopper) gnawed 
the leaves during a dry period last summer, and a reddish 
brown hairy caterpillar (Spilosoma virginica) at one time 
ate numerous holes in the leaves of both soy beans and 
cow peas... A few leaf-mines were observed at one time, 
occupied by the grubs of a small beetle (Odontota sp.).” 
He later showed this to be a near relative of our locust leaf-

miner (Odontota dorsalis). “A few plants of one plot were 
found to have the bean root-louse (Tychea phaseoli) on the 
underground parts of the stems.”
 At the end of the article are three full-page photos 
(Figs. 5-7, taken by the author) on unnumbered pages: (5) 
Soy bean plant from plot, Aug. 20, 1900. Shows many pods 
and leaves. (6) Roots of soy beans from plots, 1 Oct. 1901. 
A. Seed treated with bacterial culture from Dr. Hiltner 
(many nodules/tubercles); B. Seed not treated (no nodules). 
Reduced to one-half natural size. (7) Roots of soy bean 
grown the second season on the same soil. Both A and B 
natural size. Photographed 26 Sept. 1901. The roots of plant 
A appear to contain many more nodules/tubercles than those 
of plant B. Address: Entomologist and Botanist, Lexington, 
Kentucky.

146. Peter, A.M. 1902. 3. Analyses of forage plants from the 
plots. Kentucky Agricultural Experiment Station, Bulletin 
No. 98. p. 51-61. Feb. 25. See p. 52-53, 56-57.
• Summary: This chapter consists mostly of a table with 
the following columns: Station number, name of plant, 
composition of the air-dry sample (percent): Water, ash, 
protein, fi ber, nitrogen-free extract, fat, phosphoric acid, 
nitrogen, potash, when gathered.
 An insert (p. 53) titled “Erratum” states: “Analyses Nos. 
9297 and 9298 on pp. 52 and 53 are of roots of soy bean, not 
cow peas, and should have been printed on pp. 56-57.”
 On p. 56-57 are 15 analyses of soy beans, the whole 
plant of several varieties, and different seeds. They were 
gathered from Aug. 1900 to July 1901. One group of seeds 
(#9360) was from plants without tubercles, whereas the next 
four groups of seeds were from plants with tubercles.
 A second table (p. 59) gives the “Average digestion 
co-effi cients of some forage plants” including Soja bean 
hay and meal. A digestion co-effi cient is given for each of 
the following plant components: Dry matter, protein, fi ber, 
nitrogen-free extract, and fat. Address: Chemist, Lexington, 
Kentucky.

147. Towar, J.D. 1902. Cowpeas, soy beans and winter vetch. 
Michigan Agricultural Experiment Station, Bulletin No. 199. 
p. 165-74. April. Reprinted in Annual Report 1902, 15:222-
30.
• Summary: Summary at beginning of Bulletin: “1. Cow 
peas, soy beans and winter vetch are successful new legumes 
for Michigan and give promise of valuable usefulness as 
feeds and green manure... 4. Soy beans are a little more 
hardy than cow peas, growing with stiff, erect stalks, but 
treated like cow peas... 7. Soy beans ripen their seed and 
shed their leaves as soon as frosts come. The seeds, being 
very rich in protein and fat, give promise of becoming a 
substitute for linseed and cotton-seed meal.”
 “With Hellriegel’s discovery in 1888 that the 
leguminous plants through microorganisms on their 
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roots were capable of assimilating nitrogen from the soil 
atmosphere, came at once great prominence to crops of this 
family as soil improvers and stock feeds.” A table (p. 169) 
gives a compositional analysis of various feeding materials, 
including the digestible nutrients in 100 pounds (protein, 
carbohydrates, ether extract), the fertilizing elements in 100 
pounds (nitrogen, phosphoric acid, and potash), and the 
“Nutritive ratio.” Details are given for the following: Soy 
beans, soy bean hay, and soy bean straw.
 The section titled “Soy beans (Glycine hispida)” (p. 
171-74) discusses the soybean and its promise for Michigan. 
“Mr. Edward E. Evans of West Branch, Michigan, who has 
been growing Soy beans for green manure, forage, and seeds, 
writes regarding their culture as follows: ‘On rich soils cow 
peas and true peas run to vines, producing very little seed. 
On such soil the Soy produces a proportionately larger crop 
of both plant and seed. In growing soys the same general 
rules that apply to white fi eld beans should be followed. It 
must be borne in mind, however, that Soys form their fi rst 
pods about four or fi ve inches from the point at which the 
seed was planted. For this reason they should be covered 
only deep enough to insure germination. They can be planted 
with a corn or bean planter, or grain drill. I use an Empire 
drill with bean attachments, planting three rows 28 inches 
apart. The ideal Soy bean planter will drop single beans three 
or four inches apart. This seeding will require eight to sixteen 
quarts per acre, varying with variety and size of beans.’”
 “The method of harvesting the crop will depend 
somewhat upon the use to which it is put. If to be used for 
soiling, it may be cut with the mowing machine or scythe as 
soon as the pods begin to appear. For the silo, it will be better 
to give the plants time for complete growth, though not allow 
them to reach the mature state, when the seeds will become 
hard and liable to shell. This would also be the time to cut 
for hay. If grown for seed, it is better to allow the crop to 
ripen and drop its leaves. The straw, of course, when the crop 
is about to mature, as will be seen in the table of analyses, 
will be of little value as feed. Mr. Evans writes in regard to 
harvesting as follows:
 “’If for seed, the crop should be harvested when most 
of the leaves have fallen off, preferably in damp weather to 
avoid shelling. A week of rain will not injure the beans... For 
soiling, they may be cut at any time after the pods commence 
to form; for the silo, when pods attain their full size, but 
before they harden. Most varieties can be harvested with the 
bean harvester, but it will be found necessary to keep the 
shears sharper than for common beans. The mower can be 
used, but the reaper is much better. In cutting for ensilage, 
the self binder is the best machine, and it is easier to handle 
the crop and run it through the cutter.’”
 “There are a great many varieties of Soy beans and their 
number is gradually increasing. Unfortunately, the naming 
of the varieties of this new plant has become badly mixed. 
There are a number of different sorts which will thrive well 

in our Michigan latitudes.” They are: Early Yellow Soys, 
Medium Green, Early Black. “Five samples of Soy beans 
were analyzed by the chemist of the Experiment Station this 
season...” A table (p. 173) shows the nutritional composition 
of these fi ve varieties (capitalized as follows):
 Extra early black.
 No. 2. medium early green.
 No. 3 medium early black.
 No. 4 Ito San or medium early yellow.
 Medium early yellow.
 Others who grew soy beans in Michigan were: Mr. T.T. 
Higgins of Dailey, Cass county; Mr. A.M. Todd of Pearle, 
Allegan county; and Mr. John Dunning of Cassopolis. Those 
who have fed Soy bean-meal in Michigan are Mr. G.W. 
Buckalew of Allen, Hillsdale county; Mr. Walter Vetterly of 
Battle Creek.
 Note 1. This is the earliest document seen (April 1997) 
that uses the word “Soys” to refer to soybeans. Mr. Edward 
E. Evans of West Branch appears to have coined the word.
 Note 2. This is the earliest document seen (Oct. 2005) 
that mentions Mr. Edward E. Evans, a pioneering soybean 
breeder and seedsman of West Branch, Michigan.
 Note 3. This is the earliest document seen (July 2013) 
that mentions the soybean variety Ito San (one of two 
documents). “Ito San” is never mentioned by name in the 
early USDA inventories or publications titled Foreign 
Seeds and Plants Imported by the Section of Seed and Plant 
Introduction, USDA, Inventory.
 Note 4. This is the earliest document seen (July 2013) 
that mentions the soybean variety Medium Early Yellow, 
which is said in one place to be the same as Ito San, and in 
another place to be different. At least 23 other documents in 
the SoyaScan database also mention Medium Early Yellow, 
and many state that it is the same as Ito San.
 Note 5. This is the earliest document seen (Aug. 2013) 
that mentions the soybean varieties Early Black (one of three 
documents) or Extra Early Black (one of two documents).
 Note 6. This is the earliest English-language document 
seen (Jan. 2003) that uses the term “mowing machine” 
(a “mower” was mentioned in 1897) in connection with 
soybean production or harvesting.

148. Lindsley, J.B. 1902. Soy beans and cow peas: For 
fodder in New England. Rural New-Yorker 61(2727):330. 
May 3. Oversize.
• Summary: “There are a number of varieties of each of 
these crops. The cow pea is a hot-weather plant, and only 
the earliest varieties, such as the Black and Blackeye, will 
develop their seeds in the North. It succeeds better than the 
Soy bean on light loams, likely to be defi cient in moisture. 
On medium loams, naturally retentive of moisture, the Soy 
bean is preferable. A comparison of these two plants has 
convinced the writer that in New England the Soy bean–
particularly in medium moist loams–will yield more dry food 
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material and especially more seed, and is consequently to be 
preferred to the cow pea. It is possible that on light dry soils 
northern farmers might secure more favorable results with 
the cow pea; in all probability, the latter plant is best adapted 
to the South.
 “Soy Beans.–The variety best adapted to northern 
conditions is known as the Medium Green, and was 
introduced by W.P. Brooks, of this Station. The plant will 
thrive on soils suited for Indian corn, may be planted and 
cultivated in the same manner, and will mature its seed 
at about the same time. Commercial forms of plant food 
are preferable to barnyard manure, as nitrogen should be 
used sparingly. A very good application for an acre consist 
of nitrate of soda, 100 pounds; dry fi sh, 100 pounds; acid 
phosphate, 300 pounds, and double sulphate of potash and 
magnesia, 500 pounds. After the beans have been growing 
on the farm for a few years, the fi sh may be omitted. When 
growing this crop for the fi rst time, it is advisable to procure 
a little soil (100 pounds for an acre) from fi elds where the 
bean has been grown for a number of years previously, and 
scatter it upon the soil of the fi eld to be used, which thus 
becomes inoculated with the nitrogen-gathering bacteria 
peculiar to the Soy bean plant.
 As a Forage Crop.–In the writer’s judgment, the chief 
use of this crop at present is for green forage. In growing it 
either by itself or with corn for this purpose, it is preferable 
to make two seedings, the fi rst, May 15-20, and the second, 
June 5-10. The usual quantity of seed when grown by itself 
is 16 quarts to the acre, which may be sown with a corn 
planter, so regulated as to place the seeds about an inch apart 
in the row. There is no objection to a little thicker seeding. 
Cutting for green forage may begin when the fi rst pods 
appear (about August 15) and continue for several weeks. It 
is not advisable to cut too early, as the power of the plant to 
gather nitrogen is less during its earlier stages of growth. As 
the plant nears maturity on the other hand, the stem become 
tough and woody. A heavy (bush) scythe is necessary to cut 
the crop, an ordinary grass scythe being generally too light 
for the purpose. The yield will be from eight to 12 tons to the 
acre, and about 50 pounds may be fed daily. The writer has 
had good success in growing a mixture of Longfellow fi eld 
corn and Medium Green beans as a forage crop. Ten quarts 
of corn and seven quarts of beans for an acre were sown 
together in an Eclipse corn planter in rows 3½ feet apart. The 
crop was cared for and cut in the same manner as corn. Time 
of sowing and cutting, the same as when beans were grown 
by themselves, when cutting begins, the corn will have 
partially developed ears, and the beans will be podding. The 
yield will be in the vicinity of 12 to 14 tons to the acre, and 
one-third of an acre will generally be suffi cient for 10 cows 
for two weeks. A small power cutter is a great convenience 
on any farm. Such crops as corn and corn and beans are 
eaten clean if cut fi ne.
 “As a Silage Crop.–I have grown corn and Soy beans 

quite extensively in separate fi elds for silage. The beans 
may be cut with a heavy scythe or mowing machine, and 
placed in the silo in alternate layers with the corn (two-
thirds corn and one-third beans). The mixed silage makes 
a very satisfactory feed, and contains fully one-third more 
protein than corn silage. A number of years’ experience has 
convinced me, however, that the extra expense involved 
in cutting and putting the beans into the silo by present 
methods, exceeds the value of the increased amount of 
protein obtained. If the corn and bean mixture can be cut and 
bound with a corn harvester (an experiment not yet tried by 
the writer) or if a machine can be made to cut and bind the 
bean fodder when grown by itself, it is believed that it will 
be economical for many farmers to grow such a mixture in 
preference to corn for a silage crop. The problem of economy 
in handling will undoubtedly be solved before long. It is not 
advisable to silo beans by themselves. While it is probably 
true that larger yields can be obtained when corn and beans 
are grown separately, it is believed that the reduced cost of 
growing and handling the crop would warrant their being to 
give satisfaction. grown together.
 “Seed and Hay.–Brooks has fed ground Soy beans in 
place of cottonseed meal with quite satisfactory results. It 
is not thought, however, that they are economical as a grain 
crop, it being cheaper to purchase nitrogenous matter in the 
form of cotton-seed or other protein meal. Farmers on the 
other hand, situated long distances from the markets, and 
where freight charges are excessive, might grow their protein 
in the form of Soy-bean meal to advantage. The yield of 
seed is from 25 to 35 bushels to the acre (a legal bushel in 
Massachusetts weighs 58 pounds). Soy bean straw has little 
feeding value and is not satisfactory for bedding. Neither 
Soy beans nor cow peas are satisfactory as a hay crop, for the 
reason that the leaves when dry become brittle and break off 
easily.” Address: Massachusetts Agricultural College.

149. Lyon, C.D. 1902. Some legumes. Rural New-Yorker 
61(2744):594. Aug. 30. Oversize.
• Summary: “Hairy vetch sown thinly in eight-inch drills 
April 1 is a solid mat a foot deep, some vines being over 
four feet long. It is a perfect mass of bloom August 1, and 
some pods setting. Warren’s Extra Early and New Era cow 
peas planted about May 20 will be ripe in a week, these two 
with Large Early Black are my favorites among 14 varieties 
I have growing. Early Brown Soja beans planted May 5, was 
harvested on July 28 fully ripe; it is a dwarf, 10 to 14 inches 
high. My Black and Green Sojas are three feet high and very 
full of nearly grown pods; I have 12 sorts of Soja beans. The 
roots of the vetches and those of the cow peas are full of 
tubercles, although the former are on land that never before 
bore a leguminous crop. The tubercles on the cow peas are 
nearly as large as doves’ eggs, and is [sic, in] masses. The 
Soja beans show very few tubercles, although they grow on 
land where cow peas and Soja beans have grown for two and 
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three years before.
 “C.D. Lyon, Brown Co., Ohio.” Address: Brown Co., 
Ohio.

150. Parsons, Adrian. 1902-1924. Notebook. Near Plainfi eld, 
Indiana. 25 p. Unpublished manuscript.
• Summary: Adrian Parsons, a soybean pioneer in Indiana, 
lived 1846-1929. Although this notebook has been lost 
since 1976, its contents have not. In 1970 Minnibee Parsons 
(1910-1988) made a single-spaced typed copy (19 pages) of 
the contents and presented it to her husband, Ralph I. Parsons 
(1900-1977), on their 33rd wedding anniversary. Ralph was 
a grandson of Adrian Parsons; he lived in Hendricks County 
most of his life.
 In Aug. 2000 Lee Parsons, a great-grandson of Adrian 
Parsons, wrote “The notebook of Adrian Parsons: Notes 
on the typescript” (7 pages, single spaced, typed) for Bill 
Shurtleff of Soyfoods Center. Lee is writing a biography of 
his great-grandfather.
 Lee writes: To the best of my recollection, this notebook 
measured approximately 6 inches by 9 inches, and was 
confi gured like a common writing tablet, bound at the top. 
The covers were burnt-orange colored cardboard, and the 
pages were rules, yellowed, but not brittle. I believe most 
of the writing was in pencil, all in Adrian’s unmistakable 
hand. I believe that Minnibee Parsons’ typescript is a faithful 
transcription of the contents of the notebook.”
 The notebook contains 15 different pieces of writing. 
All but two of these are set compositions, six being on 
agricultural subjects, four being political commentaries, 
and fi ve (including two lists) being accounts of a personal 
nature. “Only two of the pieces bear defi nite dates: #10, a 
brief tribute to Adrian’s just deceased wife, with the date 
‘October 28, 1921,’ the year being a mistake, as she died 
October 27, 1922; and #13, a dream Adrian recorded with 
the date of November 27, 1920. The approximate dates of 
several other pieces can be deduced from their contexts:...” 
The earliest, #3, about soy beans is labeled “probably about 
1902.” Three of the pieces were about soy beans; while they 
may have been written for publication, none have been found 
in published form.
 #3 “Farmer’s Guide. Soy beans on the stock farm. 
probably about 1902.” This may have been intended as a 
response to a long letter by “E.B.D., Hendricks County”–
who was probably Evan B. Davis, Adrian’s son-in-law, 
husband of his daughter Ethel. The transcript of this letter, 
single-spaced and typed, takes up a full page. It begins: “Of 
the legumes that are successfully grown in the middle west, 
the soy bean stands at the head of the list with the stock 
grower. Because it is three times richer in protein than any 
other–this being the most expensive element in a balanced 
ration, costing from 17 to 20 cents a pound. Because it is a 
crop that never fails, our nearest approach to failure in 16 
years was on a 12 acre fi eld last year.” Note 1. 1902 minus 

16 = 1886. Adrian summarizes several publications from 
different agricultural experiment stations indicating that he 
studied such literature.
 #5 “Breeder’s Gazette. The soy bean problem.” Adrian 
notes that he has never seen soy beans wilt under heat or 
drouth, and he has seen them stand considerable frost at both 
ends of the growing season. “We have sown them with oats 
in March for soiling, but of late years we plant altogether in 
rows to be cultivated...” He comments on the importance of 
inoculation and on an article in last week’s Breeder’s Gazette 
(May 8)–year unstated. He also refers to Joseph E. Wing, 
founder and head of the Wing Seed Co. of Mechanicsburgh, 
Ohio, with whom Adrian was closely associated (Wing 
distributed Parsons’ Mikado soybean variety), and who died 
in Sept. 1915. Adrian writes: “... and couldent [sic] our friend 
Joseph E. whom we delight to follow with his bright coat of 
alfalfa put another string to his bow and shoot twin arrows.” 
Note 2. The date of this undated entry is very diffi cult to 
determine.
 #8 “For the Dept. of Agriculture–Wash. [Washington], 
D.C.” This piece (probably written in about 1914 or 1915) is 
cited separately (see Parsons 1914). Address: Near Plainfi eld, 
Indiana.

151. Cole’s Seed Store. 1902. Cole’s garden annual (Mail 
order). Pella, Iowa. 80 p. 23 cm.
• Summary: In the section on “Cole’s Farm Seeds,” page 
53 states: “Soja or Soy Beans–This plant is giving great 
satisfaction to many farmers, as builder up of poor thin 
soil and as a rich fodder plant. It is from Japan similar to 
clover in its habit of growth as a soil enricher and gathering 
nitrogen from the air. They grow from 2 to 4 feet high, 
heavily podded with nutritious beans, yielding from 25 to 40 
bushels per acre, and from 10 to 15 tons of fodder per acre. It 
is very valuable fodder either for curing, feeding green or for 
the silo, extremely rich as fl esh formers. Plant when ground 
is warm, in drills 2½ feet apart dropping seed about 3 inches 
apart, or broadcast using about ½ bushel of seed per acre.
 “Early Yellow or Coffee Berry–Beans medium, very 
productive, grows 2½ to 3½ ft. One of the earliest. Per pkt. 5 
cts., ¼ lb. 10 cts., lb. 30 cts., by freight, pk. $1.00, bu. $3.50.
 “Medium Early–Beans large, grows 2½ to 4 feet. Good 
cropper. Popular in the west. Per lb. 20 cts., 3 lbs. 50 cts., by 
freight pk. $1.00, bu. $3.50, 2 bu. $6.50.”
 An illustration shows a soy bean plant in full leaf; a 
bunch of pods is in the upper left corner.
 On the cover is written: “Cole’s garden annual. 1902. 
Garden, farm, and fl ower seeds. Pella, Iowa.” The fi rst page, 
titled “To our friends and customers,” is by E.M. Cole, 
proprietor of Cole’s Seed Store, in Pella, Iowa; it is dated 
1 Jan. 1902. This catalog is owned by the Smithsonian 
Horticulture Branch Library in Washington, DC. Call 
number: #030481. Address: Pella, Iowa.
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152. Henderson (Peter) & Co. 1902. American farmer’s 
manual (Mail-order catalog). New York, NY: Orange Judd 
Co. 33 p. 27 cm.
• Summary: The date, 1902, appears at the upper left on 
the front cover. Two bold boxes, each 2½ by 2 inches, 
introduce the contents of this publication: (1) “Henderson’s 
special grass mixtures for hay and permanent pastures.” (2) 
“Henderson’s superior seeds of grasses, clovers, cereals, 
forage plants, root crops, etc., etc., etc.” A horizontal photo 
shows many cows grazing in a fi eld.
 Page 1 proclaims: “’Blood will tell’ in seeds... as 
well as in animals.” The company president is now Chas. 
Henderson. In a large circle with three black hands pointing 
to it is written: “Henderson’s superior seeds are procurable 
only direct from us! We no longer supply through dealers, 
store-keepers, etc. By only supplying the planter direct we 
protect many customers who have had inferior Seeds, etc., 
foisted upon them as ‘Henderson’s.’”
 The top one-third of page 23 states: “Soja or Soy Beans: 
Valuable for either fodder or grain. Procurable only from 
Peter Henderson & Co., New York.
 “Early Green.–These beans have attracted much 
attention in recent years on account of their high feeding 
qualities, but all were too late to be of value in the Northern 
States. This variety has proved its earliness and value in the 
Northern States by not only producing large fodder crops, 
but ripening the seed as far north as Massachusetts. They 
are worthy of a place on every farm, either as a grain crop 
or fodder crop to feed green, or for the silo. The grain is the 
richest known vegetable substance, and when ground and 
fed to cattle gives a milk richer and better than cotton seed or 
other meal. Planted in rows 2½ feet apart, with 6 to 8 plants 
to the foot of row, requiring about half a bushel per acre, they 
yield 15 to 20 tons per acre of fodder exceedingly rich in 
fl esh formers. For green feed, use from time of blossoming 
till pods are well fi lled; for the silo, cut as soon as most 
of the pods are well fi lled, and cut into ½-inch to 2½-inch 
lengths. They are soil enrichers, gathering nitrogen from the 
air in the same manner as clover, the roots being crowded 
with tubercles, which give them this power. 15 c. lb., $1.25 
peck, $4.00 bushel.
 “Late–Being nearly a month later than the early variety 
offered above, should not be used north of Virginia. $1.00 
peck, $3.00 bushel.”
 An illustration shows an Early Soja Bean plant with 
many leaves and pods, plus a small bunch of pods to the 
upper left of the plant.
 The bottom two-thirds of the page is titled “The 
‘Henderson’ ensilage combination: A complete, balanced 
feed ration grown on the farm. The left column explains that 
that combination is soy beans and millet. “But the American 
farmer can now, by the aid of the Soja or Soy Bean, grow on 
his own farm, at small cost, a combination which furnishes a 
wholesome, economical and complete feed for milch cows. 

This combination is composed of two parts corn or millet 
to one part Soja Beans, grown separately, but mixed, when 
fi lled in the silo... We recommend all farmers to plant this 
year at least an acre or two of Soja Beans, to test and prove 
for themselves the value of the combination, and we are 
confi dent that, thereafter, all who try it will each year grow 
a larger acreage. Planted in the latter part of May in latitude 
of New York the Beans are ready for harvesting in about 100 
days.”
 The right column is a long excerpt from an article by 
Wm. P. Brooks, Professor of Agriculture, Massachusetts 
Agricultural College, dated Nov. 25th, 1898. He writes: 
“The combination of Corn or Millet, and early Soja 
Beans, in suitable proportions, certainly puts it within the 
power of the farmer to produce silage, which makes more 
nearly a perfectly balanced fed for dairy cows than any 
other combination with which I am acquainted. This will 
be evident from the table below, which shows the most 
generally accepted standard for the feeding of the cow, 
and the composition of different kinds of silage. It will 
be seen that the millet and soy bean silage contains the 
various nutrients in nearly the same proportion called for 
in the standard. The nutritive ratio, that is the proportion of 
digestible fl esh formers (albuminoids) and digestible heat 
producers (carbohydrates and fat), called for by the standard, 
is 1:5.7. In the millet and soy bean silage, it is 1:6.0.”
 The Peter Henderson author lived 1822-1890.
 Note: This is the earliest document seen (July 2013) that 
mentions the soybean variety Early Green. Since the name 
of this variety is written only once, and in all uppercase 
(capital) letters, we cannot be certain that “Early Green” is 
being used as a true varietal name rather than as a descriptive 
term. Address: 35 & 37 Cortlandt St., New York, New York.

153. Johnson & Stokes. 1902. Garden and farm manual 
(Mail order). Philadelphia, Pennsylvania. 88 p.
• Summary: In the section on “Selected Farm Seeds,” page 
58 states: “Soja Bean (Late Variety)–The demand for the 
Soja or Japanese Soy Beans has grown remarkably of late 
years. Their great value is as a forage crop and for fertilizing 
the soil and for pasturing or feeding the green fodder much 
in the same way as the cow pea. A valuable variety south of 
the Ohio River. Sow broadcast one-half bushel to the acre, 
or it may be planted in drills three feet apart and one foot 
between plants. Pkt., 10c.; lb., 25 c.; 3 lbs., 60 c., postpaid; 
by freight or express, qt., 20 c.; peck, 70 c.; bush., $2.25.
 “Soja Bean (Early Variety)–The ordinary or late soja 
bean, described above, while valuable south of the Potomac 
and Ohio Rivers, is too late to be of value in the far Northern 
States. This variety ripens in all of the Northern States, where 
it has been grown over four feet in height, heavily podded 
with seed and yielded over ten tons per acre. It is a valuable 
fodder variety either for feeding green or for the silo. Being 
a rich nitrogenous feed, it is unsurpassed as a fl esh-former, 
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and, like the clovers, is a soil-improver, deriving its nitrogen 
from the air. Concerning the “New All who are interested in 
this class of plants should give our New Early Soja or Soy 
Bean a trial. Choice seed grown for us in Michigan” [by E.E. 
Evans]. Lb., 25 c.; 3 lbs., 60 c., by mail, postage paid; by 
express or freight, qt., 25 c.; peck, $1.00; bushel of 60 lbs., 
$3.50.
 A very interesting photo (2.75 by 6.63 inches) shows 
“A fi eld of our new early Soja Beans growing in northern 
Michigan.” A mother and daughter are standing in the fi eld. 
 Note: This is the earliest seed catalog seen (July 2014) 
that contains a photograph of soybean plants or soybeans. 
If we compare this photo with the photo on the cover of the 
“1904 Retail Price List” from the Evans Seed Co. of West 
Branch, Michigan, we can see clearly that the mother and 
daughter in each photo are the same! Therefore the photo 
of soybeans in this 1902 Johnson & Stokes catalog shows 
soybeans growing on the farms of the Evans Seed Co. in 
northern Michigan. Moreover, Johnson & Stokes almost 
certainly obtained its “New early variety” from the Evans 
Seed Co. Thus, the Evans Seed Co. must have been growing 
soybeans by 1902.
 On the cover of this catalog is an illustration of a jovial, 
elderly man, admiring a giant tomato which he is holding on 
the fi ve fi ngers of his right hand. He has a white beard, bald 
head, and fairly long white hair, and is wearing spectacles 
and suspenders. This is the fi rst cover of a Johnson & Stokes 
catalog on which this man appears; he will soon appear on 
many more.
 This catalog is owned by the Smithsonian Horticulture 
Branch Library in Washington, DC. Call number: 
11055. Address: 217 and 219 Market St., Philadelphia, 
Pennsylvania.

154. Pieters, A.J. 1902. Agricultural seeds–Where grown and 
how handled. Yearbook of the United States Department of 
Agriculture p. 233-56. For the year 1901. See p. 241-42.
• Summary: The section titled “Cowpeas and Soy Beans” 
(p. 241-42) states: “Perhaps the most important of the 
leguminous forage plants besides those mentioned above 
[clover, alfalfa] is the cowpea. The area in which this great 
nitrogen gatherer is used as a soil enricher increases every 
year... The cowpea is a plant of warm weather and long 
season...”
 “The soy bean, which shares with the cowpea the 
reputation of an excellent forage and fertilizing crop, has a 
more northern and western range than the latter. The early 
varieties mature seed in Ohio and in Kansas, and some 
varieties seed very heavily... The yield in Kansas varies from 
15½ to 30 bushels per acre, according to the land, and the 
expense of growing, harvesting, and thrashing the crop is 
about 55 cents per bushel.” Address: Botanist, in Charge of 
Seed Lab., Bureau of Plant Industry.

155. Parsons, Adrian A. 1903. Soy beans for hay (Letter to 
the editor). Wallaces’ Farmer (Des Moines, Iowa) 27(11):16. 
March 13.
• Summary: “A Lenox, Iowa, subscriber writes:
 “’In the issue of January 30th I see a communication in 
regard to growing soy beans. I infer that the beans are grown 
for hay. I would like more information on this. What variety 
should be sown, how should the ground be prepared, and 
should the seed be drilled or broadcasted? When should they 
be harvested, and how? What is the average yield of hay per 
acre? Do stock take kindly to the hay? If your correspondent 
will answer these questions, he will confer a great favor on 
many of your readers, especially those on small farms who 
want to grow as much of the protein food for their dairy 
cows and growing stock as they can.’
 “Your subscriber sets a task for me that presents but one 
diffi culty–that is, to answer all his questions and keep within 
the limits of a newspaper article. It is hard to confi ne an old 
farmer to bare statements. When I drive along the road, I 
keep the road in view, and also take in the situation on both 
sides; same with talk–like to give reasons, conclusions, etc. 
But will try in this case to leave out the side issues.
 “I grow soy beans, because I fi nd them the most 
profi table crop I can grow in my farm rotation. Most of 
my crop is fed out as hay because it is the cheapest way to 
handle it. Quite a lot is fed off green.
 “I grow two varieties, the Early Dwarf Yellow and 
Medium Early Yellow; the dwarfs make the bulk of my crop, 
but for silo and late green feeds, the mediums are just in 
time.
 “All are planted as soon after corn as the ground can 
be made ready. The oft repeated statement that they, like 
cowpeas, are a tender, hot weather plant does not apply here, 
in central Indiana.
 “Prepare ground as for corn, plant with grain drill, in 
rows thirty-six inches apart, fi ve or six beans to foot, some 
use a planter and split the middles; any way to get a tolerably 
even distribution of the seed, about a half-bushel to the acre, 
and have them so they can be cultivated.
 “Cultivate with weeder, or harrow before they come up 
if possible, and a few times going over with weeder and one 
or two plowings with the cultivator has given us clean crops. 
We got in a hurry last year on account of so much rain, and 
drilled fi ve acres with all the hoes down. These received no 
cultivation after they had grown too large for the weeder. 
Part of the fi eld made a good crop, but patches where 
crab grass had a hold were very poor. Some cultivation is 
necessary, even on the cleanest land.
 “I harvest with mower, let wilt in swath, rake and shock 
in rather small shocks. I watch these shocks and if they seem 
too hot in the center, I tear them down and rebuild. In the 
eight years I have grown them, two seasons I have gone over 
and rebuilt them twice, before the beans were suffi ciently 
cured. The same methods that will make fi rst-class clover 
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hay will apply to soys. Cure in shade, never sun-dry. The 
leaves contain most of the protein, and it is important to save 
them all.
 “The chemists say that when the pods form the entire 
plant has all the feeding value it will ever have. Then is the 
time to begin cutting. We are generally at other work and 
don’t get at the beans until some of them are full grown.
 “For seed they are allowed to stand until the leaves fall; 
these we cut with bean harvester. I think all planting should 
be done with grain drill, with fertilizer attachment, and 
inoculated soil run on with seed.
 “In yield they are like corn, the richer the ground the 
heavier the crop, but they will grow on land that is too poor 
to grow a profi table crop of corn.
 “Our cows give a higher per cent of butter fat when fed 
soys than when we tried to balance with bran. Corn and corn 
stover with soy beans is our dairy cows’ ration, all grown on 
the farm. The cows are satisfi ed–and so are we.
 “A.A. Parsons, Indiana.”
 Note: Parsons states that he has grown soy beans for 
eight years. If he started in 1895, and the eight years were 
consecutive, then 1902 (the last year he could have had 
a crop) would be his 8th year. Address: Hendricks Co., 
Indiana.

156. Adams, George E. 1903. The soy bean. Rhode Island 
Agricultural Experiment Station, Bulletin No. 92. p. 117-27. 
March.
• Summary: “The soy bean (Glycine hispida), also known 
as soja bean and coffee berry, is a native of southeastern 
Asia... This plant was taken to England about one hundred 
years ago, where it was grown for years without attracting 
any attention as an economic plant either as food for man or 
beast. In the southern states it was grown for many years, 
but not until about twenty years ago did it commence to 
attract attention as a forage plant. Within the past few years 
considerable attention has been given this plant by the 
different agricultural experiment stations, and its value as a 
food-plant has been clearly proven by feeding experiments 
in which the plant has been fed both in the green state and as 
hay... During the past ten years several varieties of soy beans 
have been grown at this Station... [Note: The names of these 
varieties are not listed.] All things considered, the Medium 
Early Green is the variety which has given the best results 
during the ten years in which these plants have been grown 
here. It makes a heavy growth of forage, retains its leaves 
well, and has not failed to ripen a crop of seed during that 
time.”
 “In experiments at this station, it has been shown that 
a liberal application of nitrate of soda interfered with the 
development of the root tubercles on the soy bean, as may 
be seen from the following table... In addition to the nitrate 
of soda mentioned above, each plot received the following 
manures” (in pounds per acre): Air-slaked lime 2,000, acid 

potash 1,200, and muriate potash 180. The “yield of dry 
beans was slightly increased by the use of a large amount 
of nitrate of soda, while the yield of vines was materially 
lessened, although in no case was the increase suffi cient to 
cover the additional cost of the nitrate.”
 Photos (p. 121, 123, 126) show: (1) Root tubercles from 
soy beans grown with and without nitrogen. (2) Medium 
green soy beans grown with different nitrogen rations. (3) 
Varieties of soy bean plant.
 A table (p. 122) titled “Yield of green forage per acre, 
and fertilizing ingredients in crops and roots in certain 
legumes” shows the yields of different crops using nitrogen 
in., potash, and phosphoric acid. Address: B.S., Asst., Field 
Experiments, Kingston, Rhode Island.

157. Rural New-Yorker. 1903. The Division of Entomology 
and Botany of the Kentucky Agricultural Experiment Station 
(Lexington) will furnish free... 62(2781):377. Col. 2.4. May 
16. Oversize.
• Summary: “... to a limited number of applicants cultures of 
Soy bean root nodule bacteria, with directions for inoculating 
seeds. Cultures will be sent by preference to those upon 
whose land the nodules do not develop spontaneously, and 
with the understanding that each one receiving a culture will 
report results.” Address: Binghamton, New York.

158. Transvaal Agricultural Journal. 1903. The cow-pea and 
the soy bean... 1(4):132. July.
• Summary: “... should prove excellent renovators on 
impoverished maize sick lands, as both have the power 
of taking up atmospheric nitrogen by means of their root 
nodules. And nitrogen is one of the chief constituents in the 
growth of the maize plant. For, while the phosphoric acid 
and potash play an important part in the development of a 
large cob and full grain, nitrogen is needed for the growth of 
the stems and the leaves.”

159. New York Times. 1903. Bacteria for farmers: Important 
new branch of the work of the department of agriculture. 
Aug. 4. p. 6.
• Summary: “Washington, Aug. 3.–The Secretary of 
Agriculture [Wilson] will ask Congress next Winter for 
a special appropriation for carrying on the work of soil 
inoculation. This is a new branch of work in the department, 
which has grown out of the discoveries made within the 
last few years in regard to the dependence of leguminous 
plants on bacteria which live on their roots. The discovery is 
described by scientists as one of the most important of those 
made as the results of modern agricultural experimentation.
 “The department will take up the plan of supplying free 
to farmers in all parts of the United States the particular 
bacteria for inoculation which they may desire and apply 
for. A large laboratory has been fi tted up for this work, and 
the present force of bacteriologists will be considerably 
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increased in anticipation of a general demand from farmers 
for the aid of the department along this line.
 “The method will be to propagate the bacteria required 
in large quantities for each of the various leguminous plants, 
such as clover, alfalfa, soy beans, cow peas, tares, and 
velvet beans. All these plants are of incalculable value in 
different sections of the country as sources of forage for farm 
animals. In the West alfalfa is the universal reliance of stock 
raisers,...”
 “The function of these bacteria is to fi x the nitrogen 
of the air and supply it as food to the plant. Without the 
presence of the bacteria the plant can get only the nitrogen 
which is supplied from the soil in fertilizers. With the aid of 
the bacteria the growing plant can derive the greater part of 
its food from the air.
 “The department will send the packages which contain 
the preparations for inoculation under the frank of the 
department or of the Representatives or Senators who may 
apply for them on behalf of the constituents. It is expected 
that the undertaking will develop into one of the most 
important features of National aid to agriculture.
 “The bacteriologists of the department have been at 
work for over a year past on the scheme, and have tested 
their work carefully at the Arlington Farm [Virginia]. These 
tests have uniformly proved successful.
 “Secretary Wilson is very enthusiastic over the subject.”
 Note: This is the earliest English-language document 
seen (Nov. 2018) that uses the term “fi x nitrogen” (or “fi xing 
nitrogen”) in connection with the roots of soybeans.

160. Beaver Times (Pennsylvania). 1903. The soy bean: How 
it improves run out soils–Preparing the land. Aug. 25. p. 4.
• Summary: “The soy bean, in common with the other 
leguminous plants, has the power, by the aid of minute 
microorganisms growing on its roots, of obtaining from the 
air much for the nitrogen necessary for its growth. Many 
of our so called ‘run out’ soils which have been seriously 
exhausted by the continuous growing of grains and other 
nitrogen using crops may be restored to fertility by the use of 
leguminous plants, such as the vetches, clovers, cowpeas and 
soy beans.
 “The soy bean will thrive and give paying crops on a 
wide range of soils,...”

161. Hopkins, Cyril G. 1903. Soil treatment for wheat in 
rotations, with special reference to southern Illinois soils. 
Illinois Agricultural Experiment Station, Bulletin No. 88. p. 
113-42. Aug. [1 ref]
• Summary: Soy is mentioned 7 times in this bulletin.
 Page 114, under “Plan of Experiments”: “The plan of 
the rotations which we have adopted includes a liberal use 
of legumes (clover, cow peas, soy beans, vetch, etc.), both 
as catch crops and as regular crops in the rotation, but the 
1902 crops were the fi rst we have grown upon these soil 

experiment fi elds, and, of course, the wheat grown that year 
preceded the leguminous catch crops and received no benefi t 
from them.”
 “For a catch crop with corn, cow peas or soy beans are 
seeded between the rows when the corn is laid by, about the 
fi rst of July; or winter vetch may be seeded with the cow 
peas or soy beans or it may be seeded alone when the corn 
is laid by, or at any time during July or August. The cow 
peas or soy beans usually grow rapidly until frost, while 
the vetch grows much more slowly at fi rst, but continues to 
grow during the fall and again the next spring. In favorable 
seasons clover may be seeded in the corn when it is laid by 
to serve as a catch crop.
 “For a catch crop with wheat or oats, clover may be 
seeded in the spring or cow peas, soy beans, or winter 
vetch may be seeded as soon as possible after the wheat or 
oats is harvested, the stubble ground being either disked or 
preferably plowed, before seeding the catch crop...”
 Page 116: “The rotation for this fi eld is:... Third 
Year.–Legume (clover, cow peas, soy beans, or some other 
legume).”
 Page 129: “... we now know that by means of the 
different species of nitrogen-gathering bacteria which inhabit 
or should inhabit the roots of different legumes, nitrogen 
can be obtained from this free and inexhaustible supply of 
the atmosphere for about 1 cent a pound. Thus, for example, 
we can sow red clover in the wheat, oats, or rye for less than 
$1 an acre and grow a crop of clover containing more than 
100 pounds of nitrogen an acre. We can also accomplish this 
result with a catch crop of cow peas, soy beans, or vetch, 
and probably with crimson clover or alfalfa after our soils 
become thoroughly infected with the proper bacteria...”

162. Eureka Reporter (Utah). 1903. Uncle Sam furnishes 
bacteria free for farmers: Packages for soil inoculation to 
aid in growing rich crops to be sent out next year–it means 
greatly increased values in crops. Oct. 23. p. 6.
• Summary: Washington, DC–The Government has in store 
for the farmers of the country an interesting gift. To many 
it will seem like magic. To others who have for a few years 
kept abreast of the subject of soil inoculation, it will not 
seem so marvelous.
 “In 1880 a German scientist Hellriegel announced that 
he had discovered that there exists in the soil a vast number 
of minute microscopic organisms which make their homes 
in tubercules or nodules on the roots of leguminous plants 
such as clovers, vetches, peas, beans and locust trees. These 
little creatures he showed perform a valuable service for 
the plants in which they live. They pay for their subsistence 
by catching from the air nitrogen which the legumes could 
not take into their systems in gaseous form reducing it to 
a nitrate in combination with some other element taken up 
from the ground and the legumes easily digest this plant food 
and make rapid and luxuriant growth.
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 “All this was taken up quickly by scientists throughout 
the world and especially in this country. Hundreds 
of experiments were carried forward and it is now 
fundamentally established that this is one of the greatest 
discoveries known to scientifi c and practical agriculture.
 “Nitrogen is the most expensive fertilizer required in 
farming. The average price per pound is seventeen cents 
while phosphorus and potash, the two other requisite 
fertilizers, are to be had for two and three cents a pound. On 
every square inch of the earth’s surface there rests a column 
of air consisting largely of nitrogen [approx. 78% nitrogen, 
21% nitrogen] and weighing about 14 pounds [14.7 pounds 
per square inch]. With this at hand and with the means to 
catch it the farmer has a most abundant source of the most 
important fertilizer he needs.
 “The way in which the Government intends to make 
use of these particular bacteria is by propagating them 
under artifi cial conditions and sending them out in small 
quantities in all parts of the country for the use of farmers. 
A large laboratory has been provided in Washington with a 
competent staff of bacteriologists who have already made 
nearly all preparations for the work proposed. In a small 
pasteboard box four inches by six and half an inch deep, they 
will be sent free wherever the United States mail goes to the 
farmer who desires to introduce a leguminous crop hitherto 
impossible of culture in his region.
 “The box will contain three packages done up in tin foil. 
In one is a wad of cotton on which the cultures or germs of 
the bacteria have been dried, and in the other two are nutrient 
salts which are usually magnesium sulphate, potassium 
sulphate, or ammonium phosphate with a small mixture of 
sugar to solidify and hold the cultures. A sheet of instructions 
and a franked envelope accompany the package.
 “The department asks every farmer who receives 
cultures in this way to take notes on the result of his 
experiment and report. The instructions are simple and 
practically admit of no failure. Package No. 1 of the nutrient 
salts is fi rst to be dissolved in a half gallon of pure water 
at ordinary temperature. The salts dissolve is a very few 
minutes. Then the wad of cotton is to be placed in the 
solution and left to stand for twenty-four hours, and next the 
other package of nutrient salts is emptied into the solution. In 
another twenty eight hours the cultures are ready to use. The 
solution, if no mishap has occurred, will have turned a milky 
cloudy white very much like the liquor of oysters.
 “There are two ways in which the cultures may be 
applied. The applicant must specify which particular variety 
of leguminous crops he desires to establish. It has been found 
that the bacteria common to certain families of legumes will 
not make their home on the roots of red clover. The bacteria 
on red clover will however inoculate clover, crimson clover, 
alsike, buffalo clover and all of the trifolium clovers. The 
bacteria on bird clover, which is common in some parts of 
the country, will inoculate alfalfa. The bacteria of soy beans 

will work on cow peas and similar members of the bean 
family.
 “The fi rst way of applying the cultures is to spread the 
seed out thinly on the table and sprinkle the solution over 
it, then when dry to sow as usual. The other way is to take 
a quantity of soil in a place out of the sunshine, sprinkle the 
solution over it, stir it up and scatter it broadcast over the 
ground to be seeded.”
 “The experiment stations of Illinois and Ohio, after 
many years of failure to establish alfalfa, sent out beyond 
the Missouri and secured quantities of soil from fi ne fi elds 
of alfalfa and then succeeded in making alfalfa grow. These 
stations have in turn supplied earth for inoculating purposes 
to farmers and other stations further east. This method is one 
which the individual farmer can use to advantage after he 
has once established a small area of any particular crop he 
desires.”
 Note 1. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “tubercules” (or 
“tubercule”) in connection with the roots of soybeans.
 Note 2. We can imagine that articles such as this 
prompted farmers in states such as Utah to try growing soy 
beans.
 Note 3. This article is deliberately written without any 
punctuation–no periods at end of sentences, no commas 
within sentences, no hyphens when a word is broken at the 
end of a line. It does start each sentence with a capital letter 
and leaves two blank spaces before it. The text is broken into 
paragraphs. These omissions are not noticed and do not make 
the text more diffi cult to read–Just like Chinese or Japanese.

163. Hitier, H. 1903. Le soja hispida [Soja hispida, the 
soybean]. Journal d’Agriculture Pratique 67(49):746-47. 
Dec. 3. [Fre]
• Summary: In the session of 18 Nov. 1903, Mr. Foëx 
noted that Soja hispida, which serves as both an industrial 
and a forage plant, also furnishes a very favorable food for 
diabetics. Its seed contain high levels of protein, oils, and 
phosphates, and very little starch. At the Montpellier School 
of Agriculture, Mr. Foëx cultivated soya as a forage plant; 
the animals were very fond of it. But despite very careful 
cultivation at Montpellier, the soybean never gave yields 
near those presently obtained in China and Japan. What 
could be the causes of this inferior production? In examining 
the roots, the author can fi nd no traces of root nodules 
(bactéroïdes), which are found on the roots of all other 
legumes cultivated in France. These soya bacteria apparently 
do not exist in local soils. In order to inoculate local soils, 
Mr. Foëx is having some soil containing the debris of 
soybean roots sent from Japan. He will notify the Society of 
the results obtained in growing soybeans under these new 
conditions.
 Mr. Schribaux observes that there are many species and 
races of root nodule bacteria. It is important to fi nd the right 
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type for each host plant. Address: France.

164. Funk Bros. Seed Co. 1903. Catalog. Bloomington, 
Illinois: Funk Bros.
• Summary: “Soy beans–Is one of the newly introduced 
crops that is possessed of real merit. It is adapted to 
rich prairie soils and on such soils reaches its fullest 
development. Combining both the fertilizing qualities of 
clover and yield of forage with a crop of seed that has a 
higher nutritive value than oats, it should have its place in the 
rotation system of every farm. Sown with rape in corn before 
the last cultivation it furnishes excellent pasturage for lambs, 
at the same time enriching the soil. When sown for hay or 
seed crop they may be drilled in with a corn planter requiring 
about three pecks of seed per acre. Prices: One peck $1.00, 
one-half bushel $1.75, per bushel $3.00. F.O.B. Bags free.”
 A photo shows two people standing in a fi eld of soy 
beans. Note: This is the earliest document seen (Dec. 2003) 
that mentions Funk Bros. Seed Co. or Bloomington, Illinois, 
in connection with soy beans. Address: Bloomington, 
Illinois.

165. Hiltner, Lorenz; Stoermer, K. 1903. Neue 
Untersuchungen ueber die Wurzelknoellchen der 
Leguminosen und deren Erreger [New investigations on the 
root nodules of legumes and their instigators]. Arbeiten aus 
der Biologischen Abteilung fuer Land- und Forstwirtschaft 
am Kaiserliche Gesundheitsamte 3:151-307. Sonderabdruck. 
[72 ref. Ger]
• Summary: These investigations led the researchers to 
classify the nodule bacteria into two groups, based mainly on 
morphology.
 Soybeans (Soja, both brown and yellow seeded) are 
mentioned throughout the report. Pure cultures of the 
commercial inoculant Nitragin were supplied for the soybean 
trials at 4 locations, starting in 1900; all four were successful 
in producing root nodules. Tests were conducted without 
nitrogen or glucose, with nitrogen, and with nitrogen and 
glucose. The authors pointed out that direct inoculation 
of large seeds such as lupin and soybean may not lead to 
nodule formation due to the excretion of substances from 
the seed coats during the swelling process. Soybean seeds 
were covered with distilled water for 5 hours and the water 
extract was used in studying the growth of the bacteria and 
their transformation into bacteroids. The authors conclude 
that a protein is given off from the seed contents [cotyledons] 
that favors the growth of the nodule bacteria, whereas 
from the seed coats substances are given off that may help 
to plasmolyze and destroy the bacteria. They suggest the 
possibility of antagonism between the substances given off 
by the seed contents and by the seed coats that reduces the 
toxic action of the seed coat excretion upon the bacteria.
 Contents: Introduction. Field trials with Nitragin from 
the year 1900. Field trials in 1900 (including both successful 

and unsuccessful trials with late-ripening soybeans). Field 
trials in the experimental fi elds at Dahlem (brown- and 
yellow-seeded soybeans, with and without oats; soil from 
a Japanese soybean fi eld was used for inoculation; Prof. 
Kirchner of Hohenheim had the fi rst success with soybeans 
on these fi elds). Characteristics of the soya bacteria 
(general). Asparagin. Characteristics of the soya bacteria 
(without nitrogen or glucose, with nitrogen; with nitrogen 
and glucose). Characteristics of the pea bacteria. Figures. 
Tables (for soya, see p. 192, 195).
 Note: This is the earliest document seen (Oct. 2018) 
describing successful soybean inoculation experiments 
using pure cultures. It is also the earliest document 
seen (Oct. 2018) that mentions successful use of the 
commercial inoculant Nitragin with soybeans. Address: 
1. Privy Councillor; 2. Huelfsarbeiter im Kaiserliche 
Gesundheitsamte (Helper in the Imperial Public Health 
Departments) (Dahlem?), Germany.

166. Moore, George T. 1903. Bacteria and the nitrogen 
problem. Yearbook of the United States Department of 
Agriculture p. 333-42. For the year 1902.
• Summary: Contents: Introduction. How nitrogen is lost. 
How nitrogen is gained. Nitrogen-fi xing bacteria. Root 
tubercle bacteria. Microscopic appearance of tubercles [as 
seen under a microscope]. Effect of tubercles. Artifi cial 
inoculation of the soil. Improved method of inoculation. 
Distribution and methods of use of cultures.
 Plate XLII (after p. 340; see next page) contains two 
photos: (1) “Roots of soy bean grown in soil inoculated with 
organisms from rich nitrogenous media.” No nodules can 
be seen on these roots. (2) “Roots of soy bean grown in soil 
inoculated with organisms from nitrogen-free media.” There 
are many nodules on these roots. (Both fi gures reduced one-
third).
 Pages 336-38: “Nitrogen-Fixing Bacteria: Fortunately, 
there are still other means by which nitrogen gas may 
be made available for plant food, and that, too, without 
requiring the introduction of a commercial product, which 
must always be rather expensive, whatever degree of 
perfection may be reached in the mechanical operation 
of the process. Ever since the earliest days of agricultural 
science it has been noticed that certain land, if allowed to 
stand fallow for a considerable length of time, would gain 
in nitrates without any visible addition having been made. 
It is now known that one of the principal means of this 
increase in nitrogen content is due to a few forms of soil 
bacteria which have the power of fi xing the free nitrogen 
from the air and rendering it available for plant food. These 
organisms have been isolated and cultivated artifi cially, and 
great hopes were held at one time that it would be possible 
to inoculate land with these cultures and thus bring about a 
large increase in the nitrogenous salts without the aid of any 
manure or mineral fertilizer. Under certain conditions these 
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bacteria seemed able to do a large amount of work, and there 
are experiments on record where the crops raised from plots 
inoculated with nitrogen-fi xing organisms were much greater 
than crops from uninoculated land. Unfortunately, these 
results were not always constant, and such a large percentage 
of failures had to be reported that from a practical standpoint 
the use of such cultures is now considered worthless. A 
matter of such vast importance to agriculture, however, 
should not be neglected simply because of fi rst failures. It 
is quite possible that as we become better acquainted with 
the habits of these bacteria and learn the conditions which 
are most favorable to fi xing nitrogen and the causes which 
prevent this operation from going on at all times, we shall 
be able to discover some means of using these nitrogen 
gatherers in practical farming.
 “Root Tubercle Bacteria: In the meantime there is still 
one other means at hand which can be used and has been 
used for countless centuries as a most effi cient method of 
conserving the world’s nitrogen supply. Ever since the time 
of Pliny and other early writers upon agricultural topics, 
it has been known that certain leguminous crops, such as 
clover, beans, peas, etc., did not require the same amount of 

fertilizer as other plants, and indeed it 
seemed as though they actually benefi ted 
the soil instead of being a detriment. 
Various theories have been advanced to 
account for this effect, perhaps the most 
widespread opinion being that members 
of this family, owing to the unusual 
length and strength of their root system, 
were able to draw upon a store of food 
that was not available to wheat and corn 
and other crops not belonging to the 
pod-bearing group. It is only within a 
comparatively recent time that the real 
cause of the benefi cial effect of these 
legumes has been fully understood, and 
it seems that here again the bacteria are 
responsible for the nitrogen-gathering 
power; for it is because these plants 
are able to fi x and use the free nitrogen 
of the air that they are of such benefi t 
in rotation and in reviving poor and 
exhausted land. The immense yields of 
wheat following alfalfa or clover are 
easily understood when it is realized 
that there has actually been added to 
the soil a certain defi nite amount of 
nitrogen in such form that the wheat 
can be benefi ted by it. Such effi cient 
users of the atmospheric nitrogen are 
clover and peas and similar crops that 
they can actually live and thrive in a soil 
that has not the fi rst trace of combined 
nitrogen within it. If quartz sand be 

ignited to red heat, thus burning out all the nitrates, and 
then be planted with peas or beans, it is possible to bring 
these plants to full maturity without in any way allowing a 
particle of fi xed nitrogen to fi nd its way into the soil. On the 
other hand, wheat or potatoes, or crops not legumes, will 
die as soon as the small amount of nitrogen available from 
the seed is exhausted. What is the reason for this? It can not 
be merely a difference in the length or extent of the root 
system, because plants fl ourish where it is certain there are 
no available nitrates whatever. For a long time the presence 
of certain peculiar nodules or tubercles upon the legumes 
has been noted and speculated upon. These formations are 
always present upon the roots of leguminous plants grown 
under proper conditions, and may vary in size from that of 
the smallest pin head, in some clovers, to a cluster as large 
as a potato, as shown in Plate XXXVII, a natural-sized view 
of the inoculated roots of a velvet bean plant. They have 
been thought to be due to the bites of worms and insects, or 
to be caused by conditions of the soil and various abnormal 
climatic effects, and only within very recent years has it 
been learned that these formations are due to the presence 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   97

© Copyright Soyinfo Center 2018

of innumerable bacteria, and that unless these tubercle-
producing bacteria exist the plant is no more able to use the 
nitrogen from the air than wheat or any of the other crops 
which do not have such nodules on their roots.
 Microscopic Appearance of Tubercles: If a thin cross 
section of one of these tubercles be examined under the 
microscope it will be seen that the cells are very much larger 
than in a normal root, and that almost the entire contents 
have been replaced by masses of minute bacteria (Pl. 
XXXVIII). These bacteria gain an entrance into the plant 
through the root hairs, and may assume shapes very different 
from the ordinary rods and spheres that are usually found in 
this group.
 Page 339: “Thus it will be seen that it is worse than 
useless to attempt to grow any leguminous crop without 
being certain of the presence of the bacteria which enable 
the plant to fi x free nitrogen. It would be much better to 
fertilize heavily and attempt to raise some more profi table 
crop than to introduce clover or beans or some other legume 
for the purpose of enriching the soil. It can not be too 
strongly emphasized that unless the tubercles are present the 
leguminous crop is of absolutely no more benefi t to a soil 
than wheat or potatoes. While these organisms are pretty 
generally distributed throughout the earth, and it is quite 
possible in many parts of the country to grow almost any 
leguminous crop and secure these tubercles, it is also true 
that certain regions are practically devoid of the right kind of 
bacteria, and that unless some artifi cial means of introducing 
the germs be resorted to the crop will be a failure.
 “Artifi cial Inoculation of the Soil: In the past there have 
been two methods used in attempting to bring about artifi cial 
inoculation. Naturally where a certain leguminous crop has 
been grown successfully for a number of years the soil will 
become tilled with tubercle organisms, and by transporting 
this earth to new fi elds the organisms will thus become 
available for forming the nodules in localities where they 
previously had not existed. This was the means by which the 
soy-bean organisms were brought from Japan, and there are 
very few places in this country where soy is now grown that 
did not receive their inoculation, indirectly at least, from the 
Japanese soil.”
 Note 1. This is the earliest document seen (Oct. 2018) 
that contains the term “artifi cial inoculation” (or “artifi cially 
inoculated”) in connection with soybeans.
 “There are two serious objections to soil inoculations, 
however. One is the expense, for it requires anywhere 
from 500 to 1,500 pounds of earth per acre to produce 
a satisfactory growth of tubercles, and if this has to be 
transported for a large farm, the cost is almost prohibitive. 
There is still another and more serious objection, however, 
and that is the danger of transmitting plant diseases by 
this method. Several of the more serious diseases which 
attack crops are readily conveyed in the soil, and there are 
numerous cases on record where diseases of leguminous and 

other crops have been introduced into regions previously 
entirely free from them through an effort to bring about a soil 
inoculation of the tubercle-forming organism. Consequently, 
if any safer and cheaper method could be devised for 
making these germs available, it would be most desirable” 
(Continued).
 Note 2. This is the earliest English-language document 
seen (Oct. 2018) that uses the term “nitrogen fi xing bacteria” 
in connection with the roots of soybeans.
 Note 3. This is the earliest document seen (Oct. 2018) 
that mentions George Moore in connection with nitrogen 
fi xing bacteria. Address: Physiologist in Charge of Lab. of 
Plant Physiology, Bureau of Plant Industry, USDA.

167. Moore, George T. 1903. Bacteria and the nitrogen 
problem (Continued–Document part II). Yearbook of the 
United States Department of Agriculture p. 333-42. For the 
year 1902.
• Summary: (Continued, p. 340): “A few years ago certain 
German investigators put upon the market a product known 
as nitragin [sic, Nitragin], which purported to be a pure 
culture of the root-tubercle organism. These cultures were 
only adapted to specifi c crops, for it has been held that each 
kind of leguminous plant had a special germ better adapted 
to produce tubercles upon it than any other form, and for 
this reason it was necessary to use one organism for clover, 
another for peas, and so on. This preparation, nitragin, has 
been used with varying success abroad. Some experiments 
seemed to show that it was of the greatest value, while 
others were complete failures in demonstrating its worth. 
The failures so far outnumbered the successes, however, that 
its manufacture has been abandoned, and it can no longer 
be obtained. A few attempts have been made to use these 
cultures in this country, and while some very satisfactory 
results were obtained, the number of failures was even 
greater than abroad, the varying conditions involved in 
transportation and the length of time which elapsed before 
the germs could be used being fatal to about 80 percent of 
the material imported.
 “Improved Method of Inoculation: A little more 
than a year ago the investigation of these nitrogen fi xing 
bacteria was begun in the laboratory of plant physiology 
of the Bureau of Plant Industry [USDA], with the hope of 
discovering some method of artifi cially inoculating soils 
which were devoid of the proper organisms, and of insuring 
their producing the desired result. It was soon found that the 
method in use by the German investigators was not adapted 
to the life of the organism; that is to say, the use of rich 
nitrogenous food material, such as decoctions of the host 
plant, were not calculated to produce an organism which 
would fi x free nitrogen from the air. It was found that while 
the bacteria grew luxuriantly upon such media, they became 
less and less active, until eventually they lost completely 
this nitrogen-fi xing power. It seemed as though the large 
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amount of nitrates in the media upon which they were grown 
made it no longer necessary to draw nitrogen from the air, 
and consequently they deteriorated until they became of no 
more value than the common soil forms. It has been found, 
however, that by gradually reducing the amount of nitrogen 
in the culture medium it is possible to greatly increase the 
nitrogen-fi xing power of these germs, and that by proper 
manipulation their activity may be increased from fi ve to 
ten times that which usually occurs in nature. Practical fi eld 
experiments have shown that of two cultures, one grown 
on nitrogen-free media and the other on a medium rich in 
nitrates, the fi rst will produce abundant tubercles, while the 
latter will be absolutely worthless and fail to produce a single 
nodule. (See Pl. XLII.)
 “Distribution and Method of Use of Cultures: Having 
secured an organism which was able to fi x such a large 
amount of nitrogen, it was necessary to devise some means 
of preventing this property from being lost, as well as to 
enable the cultures to be distributed in suffi cient quantity to 
be of some practical use. It is now known that the bacteria, 
when grown upon nitrogen-free media, will retain their high 
activity if they are carefully dried out and then revived in 
a liquid medium at the end of varying lengths of time. By 
using some absorbent which will soak up millions of the 
tubercle-forming organisms and then by allowing these 
cultures to become dry the bacteria can be sent to any part 
of the United States, or the world for that matter, and yet 
arrive in perfect condition. Of course, it is necessary to 
revive the dry germs by immersion in water, and with the 
addition of certain nutrient salts the original number of 
bacteria is greatly increased if allowed to stand for a short 
time. Frequently twenty-four hours are suffi cient to cause 
the water in a pail to turn milky white with the number 
of organisms formed in that time. Thus, by sending out a 
dry culture, similar to a yeast cake and no larger in size, 
the original number of nitrogen-fi xing bacteria may be 
multiplied suffi ciently to inoculate at least an acre of land. 
The amount of material thus obtained is limited only by the 
quantity of the nutrient water solution used in increasing the 
germs. It is evident, therefore, that the cost of inoculating 
land is very small. The principal cost is in obtaining the 
organisms, but the methods perfected by the Department 
of Agriculture, now make it possible to produce these at a 
comparatively small cost. Special facilities for increasing the 
culture on a large scale are being provided.
 “The way in which this liquid culture may be introduced 
into the soil varies somewhat with the character of the seed 
to be used and the area of the fi eld to be treated. With large 
seed it is often more convenient to simply soak them in the 
fl uid and then after they are suffi ciently dry to sow them in 
the ordinary way. In other cases it is frequently more feasible 
to introduce the liquid culture directly into the soil. This may 
be done by spraying, or perhaps a simpler method is to mix 
the culture thoroughly with a wagonload of earth and then 

to distribute and harrow this in just as a fertilizer would be 
handled. Inoculations of this character have been tried on a 
large scale in practical fi eld experiments, and the results have 
been so satisfactory that the Department of Agriculture will 
probably soon be able to begin the introduction of cultures 
into such localities as are now defi cient in tubercle-forming 
germs. It should he borne in mind that such inoculations 
are usually not necessary in soil that is already producing 
tubercles. While the introduction of fresh organisms will 
generally considerably increase the number of nodules, the 
effect upon-the crop is not appreciable, and it is hardly worth 
the expenditure of time and labor necessary to make the 
inoculation. Wherever legumes that fail to produce tubercles 
are being grown, however, or in those localities where the 
soil is so poor that legumes will not grow and because of the 
lack of the proper organisms they can not make a start, every 
effort should be made to get the bacteria into the soil.”
 Photos show: (37) Tubercles of velvet bean produced 
by inoculation. (38a) Cross section of tubercle of Lupinus 
angustifolius containing bacteria; magnifi ed 46x. (38b) 
Cross section of one lobe of lupine tubercle containing 
bacteria; magnifi ed ca. 80x. (39a) A few cells from plate 
38 mangnifi ed to show the bacteria; four cells with nuclei; 
magnifi ed 1000x. (39b) Branching forms of clover tubercle. 
(39c) Rod forms of fenugrec [sic, fenugreek] tubercle; 
magnifi ed 2000x. (40) Comparison of two vetch plants 
grown upon inoculated and uninoculated soil; reduced about 
one-third. (41) Vetch fi eld showing effect of inoculation on 
left and right sides. (42a) Roots of soy bean grown in soil 
inoculated with organisms from rich nitrogenous media [no 
tubercles]. (42b) Roots of soy bean grown in soil inoculated 
with organisms from nitrogen-free media [many tubercles]. 
Address: Physiologist in Charge of Lab. of Plant Physiology, 
Bureau of Plant Industry, USDA.

168. Moore, R.A. 1903. Experiments with grain and forage 
plants, 1902. Wisconsin Agricultural Experiment Station, 
Annual Report 19:217-40. For the year ending June 30, 1902. 
See p. 220-26.
• Summary: Section II, titled “Variety tests with forage 
plants” begins with a long section on “Soy beans” (p. 220-
26). The soy bean “is said to still grow wild in some parts 
of China where it forms an essential part of the food for the 
inhabitants. It is used extensively as a human food in Japan, 
where it derived its name, and to a limited extent in the 
United States. Its principal use in this country is for forage 
and a soil renovator.
 The plant was introduced into the United States years 
ago, mainly through the instrumentality of Prof. Georgeson 
of the Kansas Agricultural College, but was confi ned chiefl y 
to Kansas and the southern states. Until quite recently no 
extended effort has been made to grow it in the north. The 
value of the soy bean as a forage and seed producing plant 
has been clearly demonstrated by several experiment stations 
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and its general use as such is rapidly being extended in the 
United States.
 “Eight varieties were tested at this station, seed of which 
was donated by Mr. Edward Evans, West Branch, Michigan, 
and includes some of his choicest varieties. The object of 
our variety test was to ascertain whether the soy bean can be 
successfully grown in this state, and to determine the most 
satisfactory varieties for seed and forage-producing purposes.
 “In tests made during the past two years at this Station 
[in 1901 and 1902] we have found that from two to ten tons 
of green forage, or two or three tons of cured hay could be 
procured from an acre of soy beans.”
 A table (p. 223) shows, for each of eight varieties 
donated by Mr. Evans and tested, the growing period (in 
days), yield (in bu/acre), and weight per measured bushel. 
The varieties are: Ito San (136 days, 33.7 bu/acre, 56 lb), 
Early Brown (136 days, 16.5 bu/acre, 56 lb), Medium Early 
Black (133 days, 14.3 bu/acre, 54.5 lb), Medium Early Green 
(135 days, 22.3 bu/acre, 56 lb), Medium Early Yellow (136 
days, 38 bu/acre, 54 lb), Michigan Green (162 days, 26.7 bu/
acre, 58 lb), Wisconsin Black (122 days, 23 bu/acre, 54.5 lb), 
and Early Black (133 days, 17.3 bu/acre, 52 lb).
 Soy beans were also “planted with corn to determine 
if they could make suffi cient growth to warrant sowing 
them in corn that was to be used for silage.” They “stood 
approximately three feet high at the time of cutting the 
corn. The early variety was used, which was not preferable, 
as a much taller growth could have been secured by the 
‘Michigan Green,’ which grows vigorously and reaches a 
height of four feet or more.”
 A long subsection titled “Inoculation experiments 
with soy beans” (p. 223-26) states: “In 1901 soy beans 
were grown as a forage and seed-producing crop on our 
experimental plots and several tests were made at different 
intervals to determine if nodules could be found on the roots 
of the plants. No nodules were, however, found and a further 
test was made to determine if nodules would form if soy 
beans were planted on the same plots on which soy beans 
were grown the previous year... Four quarts of dried soy 
bean nodules, donated by Mr. Edward Evans, West Branch, 
Michigan, were put in a box which was partly fi lled with 
mellow soil, and the mixture was then thoroughly saturated 
with water.” When this soil was mixed into plots where 
soy beans were sown, tubercles were plainly noticeable on 
the roots of the soy bean plants. Photos show: (1) A large 
and a small soybean plant, with many pods and roots. (2) 
The root system of two soy bean plants, one with nodules, 
one without. The one with nodules grew in soil that was 
inoculated with the proper bacteria.
 Note: This is the earliest document seen (July 2013) that 
mentions the soybean variety Wisconsin Black. Address: 
Agriculturist, Madison, Wisconsin.

169. Hitier, H. 1904. Société Nationale d’Agriculture de 

France: Le Soja [National Society of Agriculture of France: 
Soya]. Journal d’Agriculture Pratique 68(1):94-95. Meeting 
of 6 Jan. 1904. [Fre]
• Summary: Three men give their views on nitrogen fi xation 
by soybean nodules. (1) “Several weeks ago Mr. Foëx 
interviewed the Society about its attempts to grow soybeans. 
Before the mediocre results that it had obtained, he had 
been led to believe that our soil lacked bacteria specifi c to 
this legume, and that the observed weak yields ought to be 
attributed to their absence.”
 (2) “Dr. Trabut responds to a communication from Mr. 
Foëx. Since 1892 he has cultivated soya in Algeria, but prior 
to 1897 he never observed nodules on the roots of his crops. 
He then contacted Hohenheim, Germany, where he knew 
that the bacteria of soybeans had been studied in a particular 
fashion. In fact, he received some nodules of soybean roots 
from the Station of Hohenheim that were distributed to crops 
in Algeria. Since then, the soybeans have borne enormous 
nodules in the trials of Dr. Trabut, but the yields of the plants 
did not increase.
 “Dr. Trabut believes then that there is above all a 
question of varieties; soybean varieties are very numerous: 
early varieties, half-late, and fi nally late, these last alone 
yielding large harvests.
 “Soybeans merit attention especially as a forage plant. 
In Rouïba M. Trabut obtained some harvests of 50-55 tonnes 
(metric tons). A milk cow who only yields a middling 6 
liters/day of milk furnishes 7.5 liters/day with soybean feed.
 “As a plant that yields fl our (plant farineuse) [one can 
make fl our from the soybeans], as a substitute for the haricot 
bean, the soybean has not succeeded because it is inferior to 
this legume [the haricot]. In Algeria the indigenous people 
have used them well thus, but they prefer the Dolichos Lubea 
to soybeans with good reason. In the Mediterranean climate 
then, soybeans are reserved as a forage plant. At the Station 
of Algeria, sown in a newly created orange grove, they 
allow the use of empty spaces and profi t largely from the 
irrigations made there. There would be a place to cultivate 
them elsewhere under similar conditions.”
 (3) “Mr. Schribaux remarked that one must not conclude 
from the tests of Mr. Trabut that the bacteria producing 
the nodules on the soybean roots are useless. The bacteria 
inoculated in the case of Dr. Trabut were defi nitely the 
special bacteria of soybeans and not just any (indifferentes) 
bacteria frequently noted in other legumes.
 “It is necessary to search for these bacteria in the 
country of origin of soybeans in East Asia, in Japan and 
China, while taking the necessary precautions to preserve all 
their vitality.” Address: France.

170. Societe Nationale d’Agriculture de France. 1904. 
Séance du 13 Janvier 1904 [Meeting of 13 January 1904]. 
Bulletins des Seances de la Societe d’Agriculture de France 
p. 25-28. Mr. Tisserand, presiding. [1 ref. Fre]
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• Summary: The perpetual secretary notes that he has 
received from Dr. Trabut, a correspondent [in Algeria], 
information about the soybean (le soja hispida). There 
follows a long quotation.
 At the meeting of 25 Nov. 1903 Mr. Foëx, in reporting 
on the soybean culture trials at Montpellier, called attention 
to the feeble / low seed yields of the soybean in France, and 
the absence of nodules on the roots. He thinks that in order 
to expand this crop, under normal conditions, it would be 
suitable to import from Japan soybean root bacteria.
 Since 1892, having cultivated numerous soybean 
varieties in the botanical garden of the government botanical 
station, I am able to make some observations about this 
legume that I consider to be very interesting for southern 
countries.
 In 1898 I published a notice for our colonies on the 
subject of root nodules, in which I expressed the following:
 The next two paragraphs about soybean nodules ad 
nodulation are quoted from his 1898 publication.
 In my annual report of 1898 I explained that since the 
cultures of this special soybean root bacterium have been 
propagated, all of the soybean plants cultivated at the station 
had numerous large nodules on their roots.
 In this same report, I insisted on the value of this legume 
as a forage plant for dairy cows.
 A cow which is well nourished, which gives 6 liters 
of milk every 24 hours, has always given 7½ liters when 
its ration is composed, instead of the current forage, of 18 
kg of soybean plants cut while green at the moment of the 
formation of their seeds.
 Since this time, soybean plants at the station have been 
cultivated in soil where the nodule bacteria were abundant, 
and I have never observed any large differences in their 
yields.
 The yields varied, above all, depending on the soybean 
variety; there certainly existed a large number of varieties 
with distinct characteristics.
 The different varieties can be divided into very early, 
medium, and late in their general development / maturity. It 
is the latter varieties which give the largest yields of green 
forage and which are of greatest interest as southern crops.
 In summary, the soybean has not succeeded as a plant 
for human food; it is a very inferior substitute for the haricot 
bean. In Algeria, the indigenous people have accepted the 
soybean as a food rather well; but they prefer the Dolichos 
Lubia [Vigna unguiculata subsp. unguiculata; black-eyed 
pea or cowpea] which is, in effect, superior, but has more 
agricultural needs. The various soyfoods made in the Orient 
are very complicated; we must fi nd a simpler way to utilize 
this seed. I think the fl our, made from the defatted seeds, 
would be a good food.
 As a forage plant, the soybean must be studied by 
the agricultural experiment stations with the goal of 
acclimatizing the varieties which are suitable for this use.

 At Rouiba, I have obtained varieties which grow large 
and yield from 30 to 35 metric tons of green forage per 
hectare.
 Discussion: Mr. Schribaux.–Mr. Trabut states that 
soybean plants with nodules did not produce more than 
soybean plants without them; we are probably looking at 
indifferent nodules, of the type that Messieurs Dehérain and 
Demoussy observed on the lupin plant.
 I have the feeling that it is in the soils of the countries 
of origin of the soybean, in China, in Japan, that we 
would encounter the highest probability of securing 
active microbes; soils that would be wise to dry at a low 
temperature, before shipping, so that their useful organisms 
would not loose some of their vitality during the journey.
 Mr. Tisserand.–These experiments would be easy to 
accomplish as we have Japanese persons, former students of 
our agricultural schools, that went back to their country and 
would certainly provide us with their cooperation.
 Mr. Prillieux.–I have heard that the soybean bacteria are 
to be found in certain crops in Germany. Address: France.

171. Hopkins, Cyril G. 1904. Soil treatment for peaty swamp 
lands, including reference to sand and “alkali” soils. Illinois 
Agricultural Experiment Station, Bulletin No. 93. p. 273-303. 
Jan. [1 ref]
• Summary: Soy is mentioned only once in this bulletin.
 Page 296: “Further investigation is required to determine 
whether lime, phosphorus, or potassium can be applied 
to this soil with profi t. Certainly they should not be used 
extensively until the possibilities of cowpeas, soy beans, 
vetch, or other legumes are better known.” Address: Chief in 
Agronomy and Chemistry.

172. Hitier, H. 1904. Société Nationale d’Agriculture de 
France: Trèfl e blanc et cultures fouragères [National Society 
of Agriculture of France: White clover and forage crops]. 
Journal d’Agriculture Pratique 68:1. p. 199-200. Meeting of 
3 Feb. 1904. [Fre]
• Summary: Mr. J. Bernard reports to the Society about a 
note which was communicated to him by Mr. Fruewirth 
[Früwirth], professor at Hohenheim, on the subject of the 
cultivation of various forage plants. Mr. Fruewirth cultivated 
the soybean (soja hispida); he spread on the ground dirt 
from Japan that was rich in bacteria from this legume. The 
soybean roots were then covered with nodules, and the 
plant’s yield increased. Address: France.

173. Hopkins, Cyril G. 1904. Nitrogen bacteria and 
legumes (with special reference to red clover, cowpeas, soy 
beans, alfalfa, and sweet clover in Illinois soils). Illinois 
Agricultural Experiment Station, Bulletin No. 94. p. 305-28. 
Feb. [1 ref]
• Summary: Soy is mentioned 26 times in this bulletin. There 
are two classes of bacteria “which are of special importance 
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to agriculture because of their 
relation to the element nitrogen, 
this being commonly considered 
the most valuable element of 
plant food.* (Footnote: *It 
should be remembered that there 
are ten essential elements of 
plant food each of which is of 
equal importance to the plant...). 
These two classes of bacteria are, 
fi rst, the nitrifying bacteria, and, 
second, the nitrogen-gathering 
bacteria. The nitrifying bacteria 
are those which have the power 
to form nitrates.”
 Page 310: “These 

nitrogen-gathering bacteria live in tubercles upon the roots of 
various leguminous plants,* such as red clover, white clover, 
alfalfa, sweet clover, cowpeas, soy beans, vetch, fi eld-peas, 
garden-peas, fi eld and garden beans, etc. These tubercles 
vary in size from a pinhead to a pea, varying with the 
different kinds of plants, being especially small upon some 
of the clovers, and very large upon cowpeas and soy beans.”
 Page 311: “It has also been demonstrated that, as a rule, 
there are different species of nitrogen-gathering bacteria for 
markedly different species of leguminous plants. Thus we 
have one kind of bacteria for red clover, another kind for 
cowpeas, another kind for soy beans, and still a different 
kind for alfalfa.*”
 Page 313: The tubercules “look somewhat like miniature 
potatoes, varying in size from pinheads on clover to peas on 
soy beans or cowpeas. (See Plates 2 and 4.) It is important 
to remember that the bacteria live in the soil and not in the 
seed.”
 Page 320: “The soy bean seed is nearly round and 
smooth, and the seed coat is not commonly cracked. These 
facts may explain why the soy bean seed carry so few 
bacteria as compared with cowpeas.
 “On one of the soil experiment fi elds on the university 
farm at Urbana, where soy beans have been grown for 
three years, no tubercles could be found on the plants either 
the fi rst or second year, and only an occasional plant with 
tubercles could be found the third year. In 1902 a series of 
plots, some of which had been treated in different ways with 
applications of limestone, phosphorus, and potassium, were 
seeded with soy beans. No tubercles could be found at any 
time during the season on the soy beans growing on any of 
the different plots. In 1903 the same plots were again seeded 
to soy beans, and at the same time part of each plot was 
inoculated with infected soy bean soil drilled in with the seed 
at the rate of about 500 pounds of infected soil to the acre. 
When the plants were only a few weeks old tubercles were to 
be found upon many plants growing where the infected soil 
had been applied, and before the close of the season at least 

half of these plants in the inoculated part of the fi eld had one 
or more tubercles upon their roots, and some plants could be 
found whose roots were abundantly provided with tubercles. 
(See Plate 4.)
 “On the uninoculated part of the fi eld soy bean plants 
were examined probably fi fty times during the season, 
several plants being taken up each time, but not a single 
tubercle was found at any time, notwithstanding that this 
was the second crop of soy beans upon this soil. Of course 
the inoculated part of the fi eld did not become suffi ciently 
infected to markedly benefi t the 1903 crop, but it is planned 
to grow soy beans upon this fi eld again in 1904 when 
the bacteria will doubtless have multiplied suffi ciently to 
produce marked results in the growth of the crop.
 “From these and from other somewhat similar 
experiments it is concluded that as a rule soy beans should 
be inoculated when they are fi rst seeded, and that they should 
then be grown a second year upon the same land. If soy 
beans are afterward grown upon this land once in every three 
or four years, the soil will doubtless remain well infected 
with the soy bean bacteria.
 “It is believed that, 100 pounds of infected soy bean soil 
per acre will be suffi cient to produce a thorough infection 
the second year, and it is improbable that one ton of infected 
soil per acre would produce a thorough inoculation .the fi rst 
season. One ton is only twenty times 100 pounds, while one 
tubercle which will be produced during a single season from 
a single bacterium may contain many million bacteria, thus 
it will be seen that it will be more economical to inoculate 
rather lightly and allow the bacteria to multiply themselves 
rather than to inoculate heavily at great expense.”
 Summary: “1. Soil nitrogen cannot be used by plants 
until it is changed to the form of nitrate nitrogen by the 
nitrifying bacteria. 2. Atmospheric nitrogen cannot be used 
by any agricultural plants, excepting legumes, and even 
leguminous plants have no power to obtain nitrogen from 
the air unless they are provided with the proper nitrogen-
gathering bacteria... 8. As a rule soy bean fi elds should be 
inoculated when fi rst seeded to soy beans, otherwise they 
may be grown on the same land for three to four years before 
the soil becomes thoroughly infected.” A photo (p. 321) 
shows soy bean root tubercles on the roots, full size.
 Note: On the front of this and subsequent bulletins is 
an illustration, an outline map of the state of Illinois and 
its major waterways, with the location of the University of 
Illinois, in east-central Illinois, indicated with a star. This 
image fi rst appeared on the Nov. 1903 Bulletin.

174. Henderson (Peter) & Co. 1904. American farmers’ 
manual (Mail-order catalog). New York, NY. 45 p. March. 28 
cm.
• Summary: In the section titled “Farm seeds,” page 34 is 
devoted entirely to soja beans–by far the largest coverage 
yet in a Henderson catalog. In the top half of the page, a 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   102

© Copyright Soyinfo Center 2018

photo shows a man, wearing a suit and hat, standing in a tall 
“Field of Early Soja Beans at Central Experimental Farm. 
Ottawa, Canada.” In the lower right corner of this photo is 
an illustration (which fi rst appeared in the 1899 issue of this 
manual) of a soja bean plant with a cluster of pods in the 
upper left corner. On a banner is written “Henderson’s Early 
Soja Bean.”
 The bottom half of the page, titled “Early Green Soja 
or soy beans” sing’s the plant’s praises. “Soja beans have 
attracted much attention in recent years on account of their 
high feeding qualities, but all were too late to be of value 
in the Northern States. This early green variety has proved 
its earliness and value in the Northern States by not only 
producing large fodder crops, but ripening the seed as far 
north as Massachusetts. It is worthy of a place on every farm, 
either as a grain crop or fodder crop to feed green, or for 
the silo. The grain is the richest known vegetable substance, 
and when ground and fed to cattle gives a milk richer and 
better than cotton seed or other meal. For ensilage it forms 
a complete, balanced feed ration. While corn is the most 
serviceable crop for ensilage, though ever so well preserved 
as to succulence, odor and fl avor, it is incomplete feed for 
cattle, being defi cient in albuminoids or protein (the fl esh 
formers), as well as fat. This defi ciency has hitherto been 
supplied by feeding, in addition to the corn silage, such grain 
as oats, wheat, etc. or concentrated feeds, such as meal, 
oil cake, or some other commodity, rich in the elements in 
which corn silage is grown on his own farm, at small cost, a 
combination which fournishes a wholesome, economical and 
completely balanced feed for milch cows. This combination 
should be composed of two parts millet or corn to one part 
Soja Beans, grown separately, but mixed thoroughly, at 
the time of cutting and fi lling of the silo. This combination 
ensilage develops a most agreeable aromatic odor and is 
greedily relished by cattle
 both dairy cows and fattening stock. It certainly will be 
generally used by all up-to-date farmers and dairymen and 
will revolutionize the dairy industry of the United States. 
We do not recommend the feeding of this combination to 
the entire exclusion of grains or other concentrated feed. We 
recommend that grain be fed occasionally as a change, but 
four-fi fths of the grain bill can be saved. We recommend all 
farmers to plant this year at least an acre or two of our Early 
Green Soja Beans and an equal area of Japanese millet, to 
test and prove for themselves the value of the combination, 
and we are confi dent that, thereafter, all who try it will each 
year grow a larger acreage. Planted the latter part of May, in 
latitude of New York, the Beans are ready for harvesting in 
about 100 days. Japanese Millet comes quicker to maturity 
than Soja Beans, and on the authority of Prof. W.P. Brooks, 
of Hatch Experiment Station, Mass. [Massachusetts], should 
be sown from four to fi ve weeks later, so as to be in the best 
condition for the silo, along with the Soja Beans. Sow the 
beans from the middle to end of May, and the Millet from the 

last week in June till the fi rst week in July; both will then be 
ready for the silo about the end of August.
 “Planted in rows 2½ feet apart, 6 to 8 plants to the 
foot of row, requiring three pecks per acre, they yield 15 or 
20 tons per acre of fodder very rich in fl esh formers. For 
green feed, use from time of blossoming till pods are well 
fi lled; for the silo, cut as soon as most of the pods are well 
fi lled, and cut into ½-inch to 2½-inch lengths. They are soil 
enrichers, gathering nitrogen from the air same as clover, the 
roots being crowded with tubercles, which give them this 
power. (See cut.) 10 c. lb., $1.10 peck, $3.86 bushel of 60 
lbs.; 10-bushel lots, $3.75 bushel.
 “Late Soja Beans.–A month later than the early variety; 
should not be used north of Virginia. $1.00 peck, $3.00 
bushel.”
 A sidebar to the right of the text proclaims in large 
letters: “Valuable for either fodder or grain. Produces 
enormous crops as far north as Canada, ripening seed as far 
north as Massachusetts. Especially valuable (in combination 
with Japanese Millet and fodder corn) for ensilage, supplying 
the albuminoids or fl esh-forming food. A great soil enricher, 
gathering nitrogen from the air.”
 Note: This catalog contains both black-and-white 
photographs as well as some black-and-white text 
engravings.
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
35 & 37 Cortlandt St., New York.

175. New York Times. 1904. Mails microbes to farmers: Dr. 
Moore dedicates to the public patent for benefi cent germs. 
April 8. p. 1.
• Summary: “Washington, April 17.–At the Patent Offi ce 
to-day a patent was issued and dedicated to the people of 
the United States. It covers a process discovered by Dr. 
George T. Moore of the Department of Agriculture for the 
production of bacterial cultures employed in inoculating soils 
for the successful cultivation of clovers of all kinds, alfalfa, 
soy beans, cow peas, and many other similar members of 
the legume family. The patent is given to the people of the 
United States forever in effect, the object being to forestall 
any effort to patent such a process and by that means 
circumscribe the efforts of farmers to improve their soils by 
raising leguminous crops.
 “The department has for several months been sending 
out in small packages through the mails the necessary 
bacteria dried on cotton and accompanied by nutrient salts 
with which the farmers may inoculate either the soil or the 
seed which is to be sown in the soil.”
 Note: This is the earliest document seen (June 2007) 
that mentions the work of Dr. George Moore to develop 
improved bacterial cultures for inoculating soy beans, and to 
send these to farmers.
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176. Atlanta Constitution (Georgia). 1904. Germs as 
fertilizers. May 14. p. 6.
• Summary: “The germ theory has been extended to the 
department of agriculture, where it is fast being developed 
into a practical working fact.
 “Today scientifi c farmers are using ‘bacterial devils’ for 
the fertilization of dead soil, and this wonderful microbic 
plant tonic is being sold to them by Uncle Sam.” For several 
months the department has been sending small packages of 
“this singular bacteria, dried on cotton and accompanied by 
nutrient salts, in which form the farmer uses it to inoculate 
either the soil or the seed to be sown in it.
 “The process was discovered by Dr. Moore, of the 
department of agriculture,... The infi nitesimal germs thus 
sent out from Washington produce the necessary bacterial 
cultures for inoculating soils for the successful cultivation 
of clovers of all kinds, alfalfa, soy beans, cow peas, and 
all other members of the legume family... The farmer who 
receives the little package soaks it, much like a yeast cake, in 
a barrel of clean water. The powerful germs revive and soon 
turn the water to a milky white. Seeds soaked in the resultant 
fl uid, having been thoroughly inoculated with the germs, are 
given an extraordinary start.”
 “Perhaps, too, bacteria will yet be discovered which do 
the same thing for cotton seed and the cereals.”

177. TenEyck, A.M. 1904. The roots of plants. Kansas 
Agricultural Experiment Station, Bulletin No. 127. p. 197-
252. June. (Issued March 1905). See p. 222-23, 245-46.
• Summary: The section titled “Soy-bean roots” (p. 222-
23) states: “The sample of soy-bean roots shown in plate 17 
was taken August 14, fi fty-fi ve days after planting, just as 
the pods were beginning to form. This is the Early Yellow 
variety...” The root development was very meager. Some 
roots reached a depth of about 2½ feet, but there was a very 
small and short lateral growth at this time. Then 83 days after 
planting: “The root system is not extensive, the bulk of the 
roots being between four and twelve inches from the surface. 
No tubercles were found on the roots of these plants.
 “The small root growth of soy beans indicates that the 
crop should be planted thicker than is the usual practice, 
in order to get the largest production from the land; also, 
since this is a legume crop, which, with the required bacteria 
present, takes its nitrogen from the air, a thicker growth of 
plants would leave more roots in the soil, and hence a greater 
supply of humus and nitrogen for the use of succeeding 
crops. Such tests as have been made at this station indicate 
that the soy bean is not a great exhauster of soil moisture.”
 Photos show: (1) Soy-bean roots, fi fty-fi ve days after 
planting (p. 245). (2) Mature soy bean plants and their roots 
(p. 246). Address: B. Agr., Agriculturist.

178. Transvaal Agricultural Journal. 1904. No. II. Co-
operative experiments with farmers. 2(8):599-602. July

• Summary: “A system of Co-operative Experiments 
with farmers for testing new varieties of farm crops under 
different conditions of soil and climate was started last 
season, and owing to its success the Division of Botany has 
this year laid in a large stock of seeds in order to continue the 
work.”
 Page 601: “Cow-peas and Soy Beans.–These have 
proved of great service in other countries as forage, grain, 
and green-manuring crops. So far the experiments which 
have been conducted by this Department and by farmers 
have given very contradictory results. Some samples have 
given good results, and we have been able to get some good 
local seed from them; others, again, though they came up 
well, have been absolute failures. Fresh consignments of 
seed have been obtained so as to continue the experiments. If 
the crop succeeds it should prove of great value, either as a 
soil-improving crop, for pig-feed, for hay, or for seed.
 “Velvet Bean–In the warmer parts of the Colony this 
should prove a valuable crop for purposes similar to those 
for which Cow-peas and Soy Beans are used, but as it is a 
late maturing crop it will only be successful in the earlier 
districts.
 Note: Lack of inoculation with nitrogen-fi xing bacteria 
might have been the problem.

179. Grosvenor, Gilbert H. 1904. Inoculating the ground: A 
remarkable discovery in scientifi c agriculture. Century (The) 
magazine 48(6):831-39. Oct. New Series.
• Summary: This popular article describes a new discovery 
by Dr. George T. Moore [see next page] of the USDA 
Laboratory of Plant Physiology. He devised a method 
of distributing nitrogen-fi xing bacteria in a dry state on 
absorbent cotton. The article aroused widespread interest in 
“vestpocket fertilizer.”
 “If one digs up a healthy bean or clover plant and 
examines the roots, he will see a number of rounded bulbs, 
called nodules or tubercles, on the roots... All legumes have 
these nodules or tubercles, varying in size from a pinhead to 
clusters as large as a good-sized potato. Scientists noticed 
that plants with good-sized nodules fl ourished, while plants 
without nodules or with very small ones looked starved and 
withered, and they concluded that the nodules must have 
something to do with the vigor of the plants. On dissecting 
a bulb and examining it under a microscope, it was found to 
be packed with bacteria (see fi gures). Further examination 
showed that it, and all nodules, consisted of millions of 
bacteria and that these bacteria were incessantly absorbing 
free nitrogen from the air and converting it into forms 
suitable for the plant’s digestion.
 “For want of a better term, we will call the germs 
nitrogen-fi xing bacteria.”
 “One might thus defi ne a tubercle as a little factory 
where millions of tireless, infi nitesimal workers are 
separating the nitrogen in the air and converting it into plant-
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food. A celebrated German, Professor Nobbe of Tharandt, 
realized that if he could put into barren ground some of these 
organisms, or if he could artifi cially present the seeds with 
power to develop tubercles of themselves, he could make 
legumes grow in the most hopeless soil.
 “After much labor he isolated the nitrogen-fi xing 
bacteria. He succeeded in breeding and colonizing the germs, 
and the proceeded to put them on the market. He advertised 
them widely as able to make legumes grow in the poorest 
soil. Naturally the announcement made a great sensation, 
and farmers from all quarters of the globe wrote him for 
sample bacteria. He sold different preparations for different 
crops, putting them up in bottles and calling them Nitragin. 
But the bacteria did not work the miracles promised. Seeds 
inoculated with them failed to develop tubercles. A few 
persons, to be sure, obtained wonderful results, but the 
vast majority of cases were complete failures. The bacteria 
burned themselves out and disappeared without producing 
a single nodule on the plants. They lacked permanence. The 
Nitragin was withdrawn from the market.
 “These two men had done a great service to mankind: 

one had solved the problem of why certain plants 
enriched instead of drained the soil–he had 
isolated the microscopic agents, the myriads of 
organisms which carry back to mother earth what 
others had stolen; the other had shown that man 
could breed as many of these little helpers as he 
desired, but he had not been able to give them 
permanence, so that men could get service from 
them.
 “At this point the inventive genius of an 
American, Dr. George T. Moore, came to the 
rescue, and saved the discovery by giving it just 
the practical value it had lacked. Dr. Moore is 
in charge of the Laboratory of Plant Physiology 
of the Department of Agriculture, and a widely 
known practical botanist. He had been watching 
Dr. Nobbe’s experiments and had come to the 
conclusion that Dr. Nobbe did not cultivate his 
nitrogen-fi xing bacteria in the right way. The 
German’s method of rearing his germ colonies 
resembled that of a rich father who gives his son 
everything he asks for without making the boy 
work for anything. As a result, when the youth is 
thrown on his own resources, he proves unable 
to earn his own living, and collapses. Similarly, 
Dr. Nobbe, instead of developing the natural 
inclination and ability of his bacteria to hunt out 
nitrogen for themselves, dulled and destroyed this 
ability by giving them large quantities of nitrogen 
food, in what we might call predigested form; he 
so satiated them with nitrogen that they lost their 
ability to hunt for it themselves, and, when turned 
out of the laboratory, were helpless. They soon 
consumed the store of nitrogen which they had 

received, but could not by themselves get any more. Their 
nitrogen-fi xing ability was gone, and they perished.
 “Dr. Moore decided not to dull the appetite of the 
nitrogen-fi xing bacteria by giving them all the nitrogen they 
wanted; he thought he would whet their appetite, he would 
strengthen their nitrogen-fi xing power, by exercise, by giving 
them in their food just enough nitrogen to make them want 
more and to make them strive to get more by their own 
efforts. By following this principle of feeding he developed 
a permanent type of bacteria in his laboratory, possessing 
fi ve or ten times more power to fi x free nitrogen than the 
original germs had possessed. The bacteria had gained 
strength, vigor, and self-reliance, and, when turned out of 
the laboratory, prospered like all healthy bacteria. Legumes 
inoculated with the bacteria developed great tubercles and 
grew to great size even in the poorest soil (see Fig. 3).”
 “Naturally, Dr. Moore patented his discovery, but then 
he did a very unusual thing–he deeded the patent to the 
Department of Agriculture in trust for the American people. 
To be sure, his discovery had been made in the government 
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laboratories, but the government, neither morally nor legally, 
could claim any share in the discovery. It was indisputably 
his, Dr. Moore gave the patent to the people in order that all 
might have the free use of it. Doubtless he could have made 
a generous fortune if he had formed a company and exploited 
the patent, as the German company made a good profi t from 
the unreliable Nitragin, which they sold at a dollar a bottle. 
A simple method of distributing the germs that bring fertility 
having thus been found, the announcement was made that the 
Department of Agriculture was prepared to send applicants 
free of charge enough inoculating material for several acres.”
 “The same bacteria that increase the harvest of beans 
or clover or alfalfa tenfold enable the plants to leave many 
times more nitrogen in the soil than they would have done 
if uninoculated; in other words, they make the soil many 
times more fertile, so that the crop of cotton or wheat or corn 
or potatoes is many times larger. Thus the rotating crop the 
year following inoculation derives an equal benefi t from 
the inoculation. For instance, a crop of crimson clover, not 
inoculated, added to one acre of land 4.3 lb of nitrogen; a 
crop of crimson clover, inoculated, added to one acre of 
precisely similar land 143.7 lb of nitrogen, an increase of 
33.5 times; a crop of inoculated hairy vetch added to one 
acre 15 times more nitrogen than a crop of uninoculated 
hairy vetch.
 “Cotton planted after an inoculated crop of red clover 
gave an increased yield of 40%. Potatoes, after an inoculated 
crop, yielded an increase of 50%. The wheat crop increased 
by 46%, the oats 300%, and the rye 400%. The table below 
shows the effect of inoculated legumes on various crops.”
 Photos show: (1) The roots of two soy-bean plants from 
the fi eld. The one on the right has many root tubercles; the 
one on the left has none (p. 835). (2) A portrait photo of 
George P. Moore (p. 837).

180. Burrill, T.J. 1904. Questions and answers. Illinois 
Farmers’ Institute, Annual Report 9:72. For the year 1904.
• Summary: “Q. Does each leguminous plant have a 
different kind of bacteria?
 “A. Each group of leguminous plants has a different 
kind.
 “Q. I would like to ask whether it is Doctor Burrill’s 
understanding that the chief or main value, for instance, of 
the clover crop, comes from bacteria at the roots?
 “A. I understand that is the case.
 “Q. Has the soja bean more fertilizing power than 
alfalfa.
 “A. The indications are in favor of the soja bean.
 “Q. How about the cow pea?
 “A. It has plenty of root tubercles. The practical value is 
taking nitrogen from the air and putting it into the soil.”
 Note: Dr. Burrill’s article, titled “Bacteria, the friends 
of the farm, begins on p. 65.” Address: PhD, Dean of the 
Graduate School, Univ. of Illinois.

181. Evans Seed Co., Inc. 1904. 1904 retail price list: 
Northern grown legume, forage plant, grain and grass seeds 
(Mail-order catalog). West Branch, Michigan. 24 p. 23 cm.
• Summary: A black-and-white photo on the cover shows a 
man, a woman, and a child (little girl) standing in a “Field 
of soys and pearl millet at West Branch, Michigan.” Below 
that is written in large letters: “Our northern grown seeds are 
unequalled for hardiness, earliness, vigor, high germinating 
power and purity.” Printed by Herald-Times Print., West 
Branch, Mich. At the top of the cover in small letters: 
“44º12’ North Latitude.”
 Contents: Note to the American Farmer and Stockman. 
Our terms. Legume seed department. Soy beans. Cow 
peas. Field peas. Garden peas. Beans (Phaseolus vulgaris). 
Spanish fi eld pea (Lathyrus sativus). The vetches (Vicia 
villosa and V. sativa). Velvet beans (Mucuna utilis). Lupines 
(Blue and Large White). Faba or Broad Beans (Vicia faba). 
Lentils (Lens esculenta). Pea nuts (Arachis hypogæa). 
The clovers. Northern Grown Grain and Forage Plant 
Department: Field corn, Russian emmer (Triticum spelta). 
Spring wheat. Oats. Barley (Hordeum vulgare). Japanese 
barnyard millet (P. [Panicum] Crus Galli). East India pearl 
millet (Pennisetum spicatum). Teosinte (Reana luxurians). 
New legumes for 1905 (the Japanese Muroran bean is a 
forage crop that is earlier than the earliest soy or cow pea). 
Grass seeds: Timothy (Phleum pratense) and Orchard grass 
(Dactylis glomerata). Meadow fescue (Fescuta pratensis). 
Awnless brome (Bromus inermis). Red top (Argostis 
vulgaris). Kentucky blue grass (Poa pratensis). Root seeds. 
Seed potatoes. Bacteriated soil (“sand containing the bacteria 
adapted to peas, soys, cow peas, vetches, lentils, broad beans, 
lupins, etc. Sold in new 16-oz. cotton bags at $1.50 per 100 
pounds. Not less than 100 pounds will be sold). A paradise 
for pork (Also called “hog heaven,” it is a “combination 
crop.” “Some plant corn, soys and mangels or sugar beets 
in alternate rows”). Chemical analysis vs. cow analysis [of 
feeds] (“All authorities, chemists and cows included, agree 
that the soy bean is the most digestible of all concentrated 
foods. And palatability–convince yourself. Plant an acre of 
soys and when they are ripening turn in your stock, your 
cows, horses, hogs, sheep, turkeys, ducks and chickens. 
They will tell you all about the palatability of the soy bean).” 
Standard of weights in Michigan: Beans, soy: 8-16 quarts of 
seed required per acre. Weight per bushel: 60 lb.
 The note (p. 2) “To the American Farmer and Stockman” 
begins: “Greeting: It has always been our aim to be 
something more than seed sellers–or merchants.” It states in 
detail the company’s strong commitment to quality seeds. 
“Our terms are invariably net cash with order.” The fi rst 
section (p. 3+), titled “Legume seed department” begins: 
“From ancient times down to the present certain plants have 
been used for the purpose of renovating and maintaining 
the fertility of soils... It was not until 1888 that a German 
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scientist discovered by which process these plants enrich 
the soil. Briefl y, legumes are plants having the power, by 
aid of certain bacteria, of converting atmospheric nitrogen 
into nitrates available for plant food, and of storing it up in 
root nodules, or tubercles. We do not yet know whether this 
process is a mechanical or chemical one.”
 However, we do know that nitrogen, one of the vital 
elements of plant food, is the most elusive, the most 
expensive to buy and the most diffi cult to retain of all the 
elements that go into the production of any crop. We know 
that a crop of soys, peas, clover, or vetches enriches the soil 
by adding to the available nitrogen. It is absolutely true that 
the nitrogen removed from an acre of land by a crop of oats, 
corn, wheat or timothy often exceeds in value the entire cost 
of producing a crop of legumes. There can be no greater folly 
in farming than the continued production of cereals without 
a rotation in which legumes form a part, and the shorter the 
rotation the better for the land and the bank account... The 
Leguminosæ includes beans, peas, vetches, clover, lentils, 
cow peas, soys, faba, lupins, etc.”
 The subsection titled “Soy beans (Glycine hispida)” (p. 
4-7) gives the most information about this crop to be found 
in any American seed catalog up to this time. “German, Soja. 
Japanese, daidzu [daizu]. Next to wheat this is probably 
the oldest of cultivated plants. It is mentioned in Chinese 
writings prior to 500 B.C., and remains to this day one of the 
staple crops of China and Japan. It was originally introduced 
into America about 1925-30, but failed to attract attention 
to its merits. It was not until the researches and experiments 
of Profs. Brooks [Massachusetts] and Georgeson [Kansas], 
within the past fi fteen years, that the true value of soys 
became known. Since 1896 they have grown more rapidly in 
popularity than any crop ever introduced into America. Soys 
contain a higher percentage of protein in more digestible 
form, than any other farm product, and at a fraction of the 
cost of the so-called ‘concentrated feeds.’” A table shows 
a nutritional analysis of fi ve varieties of soys made by the 
Michigan Experiment Station [published in Bulletin No. 199, 
April 1902]. Ito San and Medium Early Yellow contain the 
most crude protein (41.04% and 41.52%). A photo shows 
two uprooted soybean plants, each covered with pods.
 Page 5 continues: “Soya are as easy of culture as 
common beans, cow peas, or corn. They succeed on any 
soil that will produce corn. They will withstand drouth 
and wet weather that would ruin most of our staple crops, 
and will pass uninjured through frost that kills corn to the 
ground. This has been demonstrated hundreds of times 
here in Michigan. Scores of seedsmen catalogue soys with 
southern seed, generally the Mammoth Yellow. Such seed 
can be bought for $1.00 to $1.25 a bushel, but is absolutely 
worthless north of the Ohio river. We are the pioneers of the 
soy seed business at the north; have grown and sold them for 
the past 8 years [since about 1896]. We have not a bushel of 
soys grown outside of Michigan.” “Evans’ soys are known 

the world over. We sold them last year in England, Germany, 
Guiana [incl. British Guiana?], West Indies, Hawaii, Mexico 
and Canada.
 Page 6 continues: “Plant soys in drills 28 to 30 inches 
apart, using 8 to 16 quarts seed per acre, according to variety 
and use. For ensilage, they may be planted with corn, but 
we believe it is more satisfactory to grow the two crops 
separately and mix them as they go through the cutter.” The 
subsection titled “Varieties” gives details on each of the 
following: Ito San (named by Mr. Evans in honor of Marquis 
Ito, the Japanese statesman), Early Black or No. 6 (originated 
by Mr. Evans), Ogema, or Evans No. 9, Medium Early 
Green, Olive Medium (created and introduced by Evans), 
Medium Early Black.
 Concerning: “Ogema, or Evans No. 9. Originated by 
Edw. E. Evans and offered for the fi rst time last season. It is 
a cross of Dwarf Brown and No. 6 and is unquestionably the 
earliest of all soys. It can be planted later and farther north 
than any other variety. Beans dark chocolate color. Season 
65 to 75 days. Stock limited.” Ogema is the company’s most 
expensive variety, selling for $7.50 per bushel, vs. $3.50 per 
bushel for most other varieties.
 A table titled “Prices of soy beans” (p. 7) gives the 
prices of 12 varieties. The fi rst seven are sold in quantities of 
one packet, quart, 4 quarts, peck, ½ bushel, and bushel. Most 
sell for $3.50/bu, but the price ranges from $3.00/bu for Ito 
San and Medium Early Yellow to $7.50/bu for Ogema. These 
seven are: Ito San, Ogema (earliest), Medium Early Green 
(general favorite), Olive Medium, Medium Early Black, 
Early Black (Evans No. 6), Medium Early Yellow. The 
last fi ve varieties sold (all new) are: Dwarf Brown, Gosha, 
Rokugetsu [Rokugatsu?], Bakaziro [Bakajiro], and Hankow. 
Each is available only in the packet size at $0.15 per packet. 
On the last page of the catalog is a full-page order sheet.
 Note 1. This is the earliest document seen (Aug. 2002) 
which mentions that turkeys eat or are fed soybeans.
 Note 2. This is the earliest document seen (Aug. 2013) 
that mentions the following soybean varieties: Dwarf Brown, 
Hankow, Ogemaw, and Mammoth Yellow (one of three 
documents).
 Note 3. This is the earliest English-language document 
seen (May 2003) that uses the word “bacteriated” to refer to 
soil containing nitrogen-fi xing bacteria.
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
West Branch, Ogemaw Co., Michigan.

182. Moore, R.A. 1904. Experiments with grain and forage 
plants, 1899-1903. Wisconsin Agricultural Experiment 
Station, Annual Report 20:263-83. For the year ending June 
30, 1903. See p. 271-75.
• Summary: In Part 1, “Tests of grains,” the author states (p. 
263) that he fi rst grew soy beans at the Experiment Farm in 
1900; he does not list them among the 4 crops he tested in 
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1899.
 In Part 2, “Tests for forage plants–Soy beans” (p. 271) 
he discusses the early history of the plant in Asia, America, 
and Wisconsin, description of plant, method of planting, and 
harvesting and threshing. “The plant was introduced into this 
country by Professor Georgeson of the Kansas Agricultural 
College and has become an important plant in the agriculture 
of Kansas and the southern states. In the United States it 
is used chiefl y as an animal food and a soil renovator.” He 
also notes that tests with soy beans are discussed in the 17th 
annual report for the year 1900 (p. 237-38), and in the 18th 
annual report for 1901 (p. 252-53).
 On page 273 he states: “Soy beans were fi rst grown at 
the Wisconsin Experiment Station in 1899 and each year 
since the acreage and the number of varieties tested have 
been increased. The tests at this station have been made for 
the purpose of determining their value as a forage plant and 
of fi nding out which varieties if any, were adapted to our soil 
and climate.
 “Twenty-nine varieties have been on trial, of these the 
Michigan Green seems especially adapted to be grown with 
corn for silage. This is a medium early variety and is noted 
for its height and great growth of foliage...
 “G.C. Humphrey, Professor of Animal Husbandry, 
has ten tons of soy beans cut for silage this season in order 
to test their value for dairy cows, and the outcome of the 
experiment will be watched with interest.”
 The author then gives a description of the soy bean 
plant, and the method of planting, harvesting, and threshing. 
When planting a large quantity of seed, “a grain drill can 
be used by stopping some of the intervening spouts so as to 
have the soy beans the proper distance apart [30 inches]. A 
corn planter can be used to advantage and the seed sown the 
usual distance allowed for corn...” Harvesting and threshing: 
“Where grown for hay or silage the mower can be used to 
advantage. When harvested for seed the usual method has 
been to pull the plants by hand which entails an unusual 
amount of labor; the self-binder, and mower have been used 
with partial success at the Station...”
 “Ten varieties of soy beans were received in 1903 from 
the Minnesota Experiment Station and three from E. Evans, 
West Branch, Michigan, and tested on the experimental plots. 
As the plots planted were very small no record of the amount 
of beans grown per acre was kept. These varieties will be 
grown next season to test the yield.”
 A large table (p. 275) shows the following information 
about 16 soybean varieties tested for seed yields during 
1901-1903, inclusive: Variety name Wisconsin number, 
origin of seed, date received, seed yield per acre each year, 
average yield per acre, average days to mature, average 
weight per measured bushel, and remarks. In 1901, the 
Michigan Green variety was received from C.D. Woodbury 
of Michigan. In 1902, two varieties (Wisconsin Black, and 
U.S. No. 4913) were received from the U.S. Department 

of Agriculture, and seven other varieties (Ito San, Medium 
Early Black, Early Brown, Medium Early Green, Early 
Yellow, Early Black, and Evans’ Special) were received from 
E.E. Evans of West Branch, Michigan. In 1903, six varieties 
(U.S. No. 4914, 4912, 8422, 8423, 9408, and 9407) were 
received in 1902 from the U.S. Department of Agriculture. 
The highest two-year average yield was from Ito San (33.4 
bu/acre). Three varieties were cut green for silage.
 Two photos (p. 279) show “the development of nodules 
on the roots of soy beans as a result of inoculation of the soil 
with the proper bacteria. The plant on the left grew on soil 
that was inoculated and that on the right on soil that was not 
inoculated.”
 Note: This is the earliest document seen (Nov. 1999) 
that contains the word “Agronomist.” The word was next 
used in Mississippi in 1905. Address: Agronomist [Madison, 
Wisconsin].

183. Annales de la Société d’horticulture de la Haute-
Garonne. 1904-. Revue des publications: La culture du Soja 
[Review of publications: Growing the soybean]. 51:120-21. 
[Fre]
• Summary: The soybean is a legume (Légumineuse). 
Somewhere along the way, this plant gained some credibility 
[in France], due to the various benefi ts its seeds were 
expected to provide. Today, it has been mostly abandoned 
and is rarely grown in France, except in the Mediterranean 
region, where it is somewhat appreciated as a forage plant.
 Mr. Trabut, who has grown soybeans for over ten years 
in Algeria, fi rst noticed that the roots did not contain bacterial 
nodules. He contacted Germany, where he knew soybean 
bacteria had specifi cally been studied. He had nodules 
shipped and then spread them throughout Algerian soybean 
crops, which now contain enormous root nodules. Oddly 
enough, Mr. Trabut observed that this did not increase plant 
yield. Mr. Schribaux, intrigued by the fact that the nodules 
on the Algerian soybean roots had no effect, suggested that 
the bacteria, sent from Germany and inoculated by Mr. 
Trabut, may very well not be this plant’s true bacteria. They 
could simply be indifferent bacteria, as have been observed 
on many legumes.
 To answer this question, we would need to import 
soybean bacteria from their country of origin, China or 
Japan, and use them to inoculate our indigenous crops, as 
Mr. Schribaux also noted. Address: Toulouse, France.

184. Rural New-Yorker. 1905. Ruralisms: Notes from the 
Rural Grounds. Beans for poultry. 64(2868):22. Jan. 14. 
Oversize.
• Summary: “Some experience with beans as poultry food 
will be found on page 15. It is to be expected that beans or 
peas, with their high percentage of digestible protein, should 
be especially adapted for egg-production when fed to hens 
in fair proportion with the necessary fat and heat-producing 
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materials, but as a rule they are too scarce and costly to be 
widely used for the purpose. Marketable beans and peas 
will usually sell, weight for weight, for two or three times 
the price of corn or even wheat. If fair quality cull beans or 
peas can be had at anything near the price of grain there can 
be little doubt of their usefulness. The Rural Grounds fowls 
have never acquired a liking for ordinary large dry beans 
or peas, but will readily eat them cooked in a mash. They 
have, however, learned to harvest cow peas and Soy beans, 
both small-seeded Asiatic beans, with much enthusiasm, and 
invariably with a welcome increase in egg output. While 
it is problematical if the ordinary kinds of table beans can 
profi tably be grown for poultry food, we feel sure it pays 
to grow cow peas or Soy beans in congenial localities for 
the double purpose of soil improvement and hen feeding. 
Several notes to this effect have appeared in Ruralisms in the 
past years, but evidently failed to make impression. The last 
three Summers have been too cool in our locality to grow 
such heat-loving plants to advantage; nevertheless we have 
not omitted annual plantings. The hens get the benefi t of 
the protein in the seeds, and the soil that of the nitrogen in 
the stover and root tubercles. Aside from the intrinsic food 
value of the beans our fowls get much wholesome exercise 
in shelling the tough pods, an operation not so easy for the 
beak of a hen as might be imagined. They haunt the sowings 
during their exercise hours from the appearance of the fi rst 
ripe pod until the last bean is secured, often far into Winter. 
Had we more space for these excellent soil improvers and 
forage plants we would store the ripe stover, beans and all, 
for their Winter scratching material. Our planting this season 
was limited to about 100 feet of Iron cow pea, put in late in 
May to fi ll out a vacant row among bulb trials. They grew 
with considerable vigor, making a fi ne show of the blue-
green foliage characteristic of this variety, which seems to 
endure low temperatures better than most other kinds. A 
sudden increase in egg production in October led us to look 
over the foraging ground of the hens, and we found them 
methodically at work, splitting the ripening pods to get at the 
coveted beans. Water must be freely supplied to hens during 
these cowpea forays, as the dry seeds are very absorbent, and 
quickly induce thirst. Poultry keepers having access to good 
land where cow peas or Soy beans will grow will make no 
mistake in planting these crops for the benefi t of laying hens. 
Both have their merits, but the cow pea suits our soil and 
locality the better. W.V.F.” Address: New York.

185. Moore, George T. 1905. Soil inoculation for legumes; 
with reports upon the successful use of artifi cial cultures by 
practical farmers. USDA Bureau of Plant Industry, Bulletin 
No. 71. 72 p. Jan. 23. See p. 1-46, 67-68, 71-72 + 10 plates. 
[65 ref]
• Summary: From the earliest days of agriculture it has been 
recognized that all plants belonging to the Leguminosae had 
a decidedly benefi cial effect upon the soil. Pliny (A.D. 23-

79), the Roman scholar, wrote: “The bean ranks fi rst among 
the legumes. It fertilizes the ground in which it has been 
sown as well as any manure” (p. 12). From the early 1800s 
on there was a great diversity of opinion concerning both the 
cause and the effect of root nodules of legumes.
 Nobbe in Germany isolated a pure culture of nodule 
forming bacteria from the nodules and grew them in 
tubes or bottles containing nutrient agar. This culture was 
given the trade name Nitragin. Seventeen different kinds 
of Nitragin were prepared from the nodules of as many 
different plants, and marketed by a well known German 
fi rm of manufacturing chemists. Experiments with Nitragin 
in Germany met with varying degrees of success. In this 
country the results obtained by Prof. J.F. Duggar using hairy 
vetch at the Alabama Experiment Station in 1896 and 1897 
were very satisfactory, but certain other investigators were 
not able to secure inoculation.
 W.M. Munson at the Maine Agricultural Experiment 
Station reported in 1897 and 1898 of having fair success 
in inoculating soybeans with Nitragin, but he failed to get 
satisfactory results with other legumes. His results did not 
warrant the recommendation of the use of Nitragin for a 
leguminous crop. A major problem with Nitragin was that it 
lost its viability quickly (p. 21). “The percentage of failures 
in its usage was so great that its manufacture was given up, 
and it is no longer for sale under that name... For this reason 
the Laboratory of Plant Physiology of the [U.S.] Department 
of Agriculture undertook a scientifi c investigation of the 
root-nodule organism, and as a result it is believed that a 
thoroughly practical and satisfactory method of bringing 
about artifi cial inoculation has been devised” (p. 22).
 Table 1, titled “Number of packages of inoculating 
material (or inoculated seed) distributed from November, 
1902, to November, 1904...” (p. 42-43), lists the following 
under “Bean, Soy”: Alabama 10, Alaska 0, Arizona 0, 
Arkansas 2, California 3, Colorado 0, Connecticut 4, 
Delaware 0, District of Columbia 0, Florida 1, Georgia 4, 
Hawaii 2, Idaho 1, Illinois 36, Indiana 16, Indian Territory 
0, Iowa 9, Kansas 10, Kentucky 9, Louisiana 0, Maine 1, 
Maryland 7, Massachusetts 11, Michigan 10, Minnesota 1, 
Mississippi 1, Missouri 13, Montana 0, Nebraska 3, Nevada 
0, New Hampshire 2, New Jersey 2, New Mexico 0, New 
York 30, North Carolina 11, North Dakota 0, Ohio 25, 
Oklahoma 4, Oregon 3, Pennsylvania 17, Philippine Islands 
0, Porto Rico 1, Rhode Island 3, South Carolina 1, South 
Dakota 2, Tennessee 5, Texas 2, Utah 0, Vermont 2, Virginia 
48, Washington (state) 3, West Virginia 6, Wisconsin 11, 
Wyoming 0. Foreign countries: Australia 2, British Guiana 0, 
Canada 1, Costa Rica 1, Cuba 2,... South Africa 2. Total: 391.
 The next section, titled “Reports” (p. 44), begins: 
“While it has been impossible to receive reports from all 
experimenters, the percentage of replies has been unusually 
large and is quite suffi cient to enable the formation of a fair 
opinion as to the value of the cultures distributed. Table II, 
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“Reports of experiments with principal crops” (p. 45), shows 
the following for soy bean: Total reports: 129. Inoculation 
resulting in defi nite increase of crop: 54. Failures defi nitely 
ascribed to bad season, poor seed, weed growth, etc.: 22. No 
increase in crop; organisms already present in the soil: 11. 
No evident advantage from inoculation; nodules not formed: 
42. Percentage of failure: 43%.
 After discussing the nature of the organism, the author 
lists farmers in the following areas who have used the 
“artifi cial culture” successfully to inoculate soybeans: Rash, 
Alabama; Gainesville, Georgia; Napoopoo, Hawaii (Gordon 
Glore–Inoculation successful. Increased growth of plant and 
abundance of root nodules); Winchester, Kentucky; Bynum, 
Maryland; Marionville, Missouri; Dome, North Carolina; 
Guys Mills, Pennsylvania; Spring City, Tennessee; and seven 
towns in Virginia (p. 67).
 The author states that alkaline nitrates in the proportion 
of 1 to 10,000 are suffi cient to prevent the formation of 
nodules. Photos show: (1) Package of inoculating material 
for suffi cient for four acres of alfalfa, with a letter titled 
“Directions for using inoculating material,” from the U.S. 
Department of Agriculture, Bureau of Plant Industry. (2) 
Effect of rich nitrogenous soil upon formation of nodules of 
soy beans; few nodules. Same culture and seed used as in 
Plates 3 and 4. (3) Effect of poor sandy soil upon formation 
of nodules of soy beans; more nodules. (4) Effect of poor 
clay soil upon formation of nodules of soy beans; many 
nodules. Conclusion: Soybeans grown in a poor sandy soil 
or in a poor clay soil have a greater number of nodules than 
plants grown in a rich nitrogenous soil. He states also that 
fully as striking differences might be shown in a soil in 
which the moisture or the acidity or the air supply varies, 
and that the application of calcium or magnesium will act 
differently on nodule production depending on whether the 
plant grows under acid or alkaline conditions.
 Note 1. This is the earliest document seen (March 2016) 
that clearly refers to the cultivation of soybeans in Hawaii. 
They may have been grown there in 1900, at which time one 
variety was introduced to the USA from Hawaii. By about 
1904-05 the Yamajo Soy Co. had introduced soybeans to 
Kona, a district on the Big Island of Hawaii, where it was 
growing them among the rows of coffee trees and using the 
mature soybeans to make Japanese-style soy sauce (shoyu).
 Note: 2. This is the earliest document seen (June 2016) 
concerning soybeans in connection with West Virginia. Since 
6 packages of soybean inoculating material (or inoculated 
seed) were sent to West Virginia from November, 1902, to 
November, 1904, its seems very likely that soybeans were 
in West Virginia and being cultivated there by 1905–but we 
cannot be sure.
 Note: 3. This is the earliest document seen (May 2016) 
concerning soybeans in connection with Oregon. Since 3 
packages of soybean inoculating material (or inoculated 
seed) were sent to Oregon from November, 1902, to 

November, 1904, its seems likely that soybeans were in 
Oregon and being cultivated there by 1905–but we cannot be 
sure.
 Note: 4. This is the earliest document seen (Dec. 2008) 
concerning soybeans in connection with Cuba. Since 2 
packages of soybean inoculating material (or inoculated 
seed) were sent to Cuba from November, 1902, to November, 
1904, its seems likely that soybeans were in Cuba and being 
cultivated there by 1905–but we cannot be sure.
 Note: 5. This is the earliest document seen (Feb. 2009) 
concerning soybeans in connection with Costa Rica, or with 
Central America. Since 1 package of soybean inoculating 
material (or inoculated seed) was sent to Costa Rica from 
November, 1902, to November, 1904, its seems likely that 
soybeans were in Costa Rica and being cultivated there by 
1905–but we cannot be sure.
 Note 6. This is the earliest document seen (Aug. 2018) 
concerning interest in nitrogen fi xation on soybeans in 
Africa, or in Latin America. Address: Physiologist in Charge 
of Lab. of Plant Physiology.

186. Ottawa Free Trader (Ontario, Canada). 1905. Soil 
inoculation: A fad not all that it is painted. Some country 
papers booming it. Like other things warranted to cure all the 
farmers’ ills it has decided limitations. Jan. 27. p. 16.
• Summary: “For instance, in 1903 I had one acre of soy 
beans with roots free from these nodules. The adjoining 
acre had applied to it a few bushels of soil from a fi eld 
growing soy beans the year before with roots loaded with 
these nodules. The two acres were treated in every way alike 
except in the matter of this inoculation; yet when the harvest 
came and we had dug up the roots to go with the stems and 
leaves and pods, it was found that the acre inoculated gave 
up 152 pounds of nitrogen, while the uninoculated acre gave 
up but 67 pounds. It seems therefore that not only does the 
inoculated plant get its nitrogen from the air, but it takes into 
its body much more nitrogen than it is capable of taking with 
roots uninoculated.
 “It remained for Dr. George T. Moore of the department 
of agriculture, Washington, D.C., to invent a method of 
sending out those little parts to farmers, so that if their fi elds 
lacked the proper inoculation, they could supply it. He will 
send one kind of germs for clover, another kind for alfalfa, 
still another for white beans, and another for each kind of 
other legumes. These germs are sent out in little packages 
looking like yeast cakes, which are dissolved in water.”

187. USDA Bureau of Plant Industry, Inventory. 1905. Seeds 
and plants imported during the period from September, 
1900, to December, 1903. Nos. 5501 to 9896. Seed and plant 
introduction and distribution. No. 10. 333 p. Feb. 8. Also 
titled USDA Bureau of Plant Industry, Bulletin No. 66.
• Summary: Soy bean introductions: Glycine hispida.
 5764-5766. “From Washington, D.C. Three varieties of 
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soy beans from Japan, grown during the season of 1900 on 
the Potomac Flats.
 “5764. Common. (S.P.I. No. 4912.)
 “5765. Best White. (S.P.I. No. 4913.)
 “5766. Best Green. (S.P.I. No. 4914.)”
 6312/6314/6326/6333 -6336. “From the Tokyo Seed and 
Plant Company, Tokyo, Japan. Received April 20, 1901.
 “6312. Black Flat.
 “6314. Yoshioka.
 “6326. Rokugatsu.
 “6333. Gosha.
 “6334. Black Round.
 “6335. Green Medium.
 “6336. Bakaziro” [Bakajiro].
 6379. “Grown on the Potomac Flats, District of 
Columbia, under the direction of W.R. Beattie, from No. 
3870.”
 6386/6396/6397/6414/6416. “From Pyeng Yang, Korea. 
A collection of seeds of economic plants which are cultivated 
in Korea. Presented by Rev. W.M. Baird. Received May 3. 
1901.
 “6386. Black.
 “6396. White.
 “6397.
 “6414. ‘Plant in May.’ (Baird.)
 “6416. Black.” Note:
 Note 1. This is the earliest document seen (June 2000) 
concerning soybeans in Korea, or the cultivation of soybeans 
in Korea.
 6556/6558-6561. “From China. Received through Dr. 
G.D. Brill, May 17, 1901. A collection of seeds and plants 
made during an extended trip through China in 1900. The 
notes regarding the various numbers are copied from letters 
written during this period, no separate descriptive list of the 
various introductions having been furnished. Doctor Brill’s 
numbers are given.
 “6556. (No. 57.) ‘Much used for bean curd and oil all 
over central China. Probably as many of these are grown as 
all the other varieties together.’ (Brill.)
 “6558. From Hankow. (No. 59.) ‘Used for bean curd and 
oil. Considered better than No. 6556.’ (Brill.)
 “6559. From beyond Chiu Niu. (No. 60.) ‘Planted 
between the rows of rice and ripening late in the fall, after 
the rice is harvested. Used the same as No. 6556, only 
quality poorer. Will grow on very wet land.’ (Brill.)
 “6560. From beyond Chiu Niu. (No. 61.) ‘Planted and 
used the same as No. 6559. Planted in July or August.’ 
(Brill.)
 “6561. From Hankow. (No. 62.) ‘A black bean, used for 
same purposes as Nos. 6559 and 6560, but of better quality. 
Not planted with other crops.’ (Brill.)”
 8422-8424. “From Yokohama, Japan. Received through 
Dr. S.A. Knapp, February 24, 1902.
 “8422. Ita Name. Early.

 “8423. Ita Name. Medium.
 “8424. Ita Name. Late.” Note 2. This is the earliest 
document seen (Jan. 1999) that contains the words/name 
“Ita Name,” which make no sense in Japanese. Perhaps “Eda 
Mamé” was intended.
 8489-8497. “From Washington, D.C. Received March 
10, 1902. A collection of seeds grown on the Potomac Flats 
by Mr. W.R. Beattie from seeds furnished by the Offi ce of 
Seed and Plant Introduction.
 “8489. Grown from No. 6314.
 “8490. Grown from No. 6333.
 “8491. Grown from No. 6334.
 “8492. Grown from No. 6386.
 “8493. Grown from No. 6396.
 “8494. Grown from No. 6336.
 “8495. Grown from No. 6397.
 “8496. Grown from No. 6416.
 “8497. Grown from No. 6312.”
 8584/8586. “From Chin-kiang, China. Received through 
Dr. S.A. Knapp from Rev. Dr. S.P. Barchet, Shanghai, China, 
April 15, 1902.
 “8584. ‘A very prolifi c, nearly white variety used for 
making oil and also for food. It is sometimes ground into 
fl our and used for making cakes.’ (Knapp.)
 “8586. ‘A very oily variety, used chiefl y for fattening 
purposes. Planted in July or August.’ (Knapp.)”
 8900. “From Anjo, Japan. Received through Messrs. 
Lathrop and Fairchild (No. 963, June 29, 1902), July 24, 
1902. ‘Twenty-six numbered seeds of a giant soy bean 
presented to the Department by Mr. K. Obata, director of 
the Tokai branch agricultural experiment station at Anjo, 
Japan, on condition that should any of the seeds prove 
to have inherited the characteristics of its female parent 
he is to have returned to him a fair quantity of the beans 
which it produces. All the beans have been numbered, and 
it is desired especially that a record of each be kept for 
information. This “most exceptional sport” [“an individual 
exhibiting a sudden deviation from type beyond the 
normal limits of individual variation usually as a result of 
mutation, esp. of somatic tissue”] from which these beans 
are taken measured 12½ feet in length and had a stem 1 
inch in diameter at the base. It yielded about one-fi fth of 
a gallon of beans, while ordinary plants, I am assured by 
Mr. Obata, give from 50 to 60 seeds only. Its root system is 
well developed, but whether unusual it is impossible to say, 
as it was dug before Mr. Obata saw it. The history of this 
“most remarkable sport” is as follows: Mr. J. Miyazaki, a 
descendant of a Samurai and now a second-hand clothier in 
the village of Okasaki [Okazaki?], found in his small back 
yard a soy bean which neither he nor his wife had planted 
purposely, but over which they quarreled, the wife wishing 
to pull it up because it grew to such unusual proportions and 
spread over the whole yard. Mr. Miyazaki, however, found 
in this abnormal plant something to interest him, and when 
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the local district fair was held in Mukada in October he dug 
up the plant and exhibited it there, but he unfortunately and 
thoughtlessly ate up most of the beans. Mr. Obata, of the 
experiment station at Anjo, saw the plant at the fair, visited 
Mr. Miyazaki’s place, and rescued the remaining handful of 
seed. He got samples of the soil where the plant grew and 
has sown about 20 seeds in this soil at the experiment station. 
I have seen and photographed this remarkable sport and 
think it worth of the most careful attention.’ (Fairchild.)”
 9344. “From Chiu-hua, China. Secured by Dr. S.P. 
Barchet, of the United States consulate, Shanghai, China, at 
the request of Dr. S.A. Knapp. Received January 22, 1903. 
Chiu-hua. ‘In case of future reference to the bean, if you 
call this the Chiu-hua bean I shall know what is meant, in 
the absence of a botanical name, as I have not seen this bean 
anywhere else. It is sown broadcast in paddy fi elds before the 
rice is harvested. The moist ground favors the sprouting, and 
the standing grain shields the sprouting plant from the sun. 
By the time the rice is harvested the beans have taken fi rm 
roots and require no further care. Horses and cattle are very 
fond of them green or in the ripe state. The bean also makes 
a good food for man. This bean I think well worth a trial in 
the Southern States.’ (Barchet.)”
 9407-9418. “A collection of soy beans grown by Mr. 
W.R. Beattie on the experimental grounds on the Potomac 
Flats, from introduced seed.
 “9407. Grown in 1902 from S.P.I. No. 4912.
 “9408. Grown in 1902 from S.P.I. No. 4913.
 “9409. Grown in 1902 from S.P.I. No. 4914.
 “9410. Grown in 1901 and 1902 from S.P.I. No. 6312.
 “9411. Grown in 1901 and 1902 from S.P.I. No. 6333.
 “9412. Grown in 1901 and 1902 from S.P.I. No. 6334.
 “9413. Grown in 1901 and 1902 from S.P.I. No. 6336.
 “9414. Grown in 1901 and 1902 from S.P.I. No. 6386.
 “9415. Grown in 1901 and 1902 from S.P.I. No. 6396.
 “9416. Grown in 1901 and 1902 from S.P.I. No. 6397.
 “9417. Grown in 1901 and 1902 from S.P.I. No. 6414.
 “9418. Grown in 1901 and 1902 from S.P.I. No. 6416.”
 Note 3. This is the earliest document seen (June 
2007) that clearly refers to the cultivation of soybeans in 
Washington, DC (on the Potomac Flats). This document 
contains the earliest clear date seen for the cultivation of 
soybeans in Washington, DC (1900).
 Note 4. This is the earliest document seen (March 2003) 
that mentions the Potomac Flats, an experimental garden 
owned and used by the USDA in Washington, DC, before 
it purchased the Arlington Farm in 1900. Even before that, 
starting in 1865, there was an experimental garden around 
the original USDA building on The Mall. The Potomac Flats 
were acquired by the USDA in 1899. They were located 
in Washington, DC, on the banks of the Potomac River, 
probably in what is now Potomac Park.
 Note 5. This is the earliest document seen (July 
1998) concerning David Fairchild and soybeans. Address: 

Washington, DC.

188. New York Times. 1905. Deceiving the farmers: Concerns 
exploiting discovery that Dr. Moore gave to the nation. 
March 21. p. 20.
• Summary: “Washington, March 20.–The Department of 
Agriculture has received information which seems to show 
that the discovery in regard to soil inoculation made two 
years ago by Dr. George T. Moore and by him patented 
and dedicated to the American people as a free gift is being 
utilized for business purposes.”
 “The government began last year sending out the 
bacterial cultures [for various legumes, including soy beans] 
free to all applicants, and a few weeks ago published a 
small booklet on the results, including a large number of 
letters from farmers and gardeners, who had made use of the 
cultures.
 “It is now learned that several fi rms are manufacturing 
the various cultures by the same process which Dr. Moore 
uses and selling them to farmers at high prices. The 
department, moreover, has proof that these concerns in 
their advertising literature are using the letters sent to the 
department by persons who tried the department cultures, 
and thus are deceiving the public into believing that the 
privately made cultures are remarkable crop producers worth 
the extortionate prices asked for them.
 “In some cases it appears that the private concerns 
and their agents have given out the statement that the 
Government has ceased to send out its own cultures, 
and the only way to secure them is to buy them from the 
manufacturers. This is not true. Any person anywhere, 
by application through his Congressman, can get the 
Government cultures.”

189. Transvaal Agricultural Journal. 1905. The soy bean 
(Glycine hispida). 3(11):544-45. April.
• Summary: “Great diffi culty has been experienced in 
obtaining good seed of this plant; our experiments show that 
it is absolutely useless to try to grow this crop from old seed.
 “Four different varieties were sown on November 14th, 
1904:
 “1. ‘Southern Soy-bean.’–Seed harvested on our 
experiment plots on the Springbok Flats in 1903-04.
 “2. ‘Extra-early Soy-bean.’–Seed secured in 1904 from 
Messrs. Vilmorin-Andrieux it Co., Paris.
 “3. ‘Extra-early Black Soy-bean.’–Seed secured in 1903 
from Messrs. Vilmorin-Andrieux & Co., Paris.
 ‘4. ‘Yellow Etampes Soy-bean.’–Seed secured in 1903 
from Messrs. Vilmorin-Andrieux & Co., Paris.
 “The ‘Extra-early Black,’ and the ‘Yellow Etampes’ 
were grown last year, and, though the plants came up well, 
the crop was a complete failure, the plants not growing more 
than 4 to 5 inches high. This. season the seeds of these two 
varieties failed to germinate.
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 “The ‘Southern’ and ‘Extra-early’ varieties, both being 
fresh samples, came up with the good rains of November 
16th to 19th. In each case the seed was sown in drills, 2 feet 
6 inches apart, the seeds being dropped every 4 inches.
 “After-cultivation consisted only in horse-hoeing 
between the rows, and hand-hoeing between the plants.
 “The ‘Extra-early’ variety only grew to a height of 6 to 
8 inches. It was harvested on February 9th; the yield has not 
yet been determined.
 “The ‘Southern,’ the seed of which, as mentioned above, 
was grown in the Transvaal, is now 3 ft. 6 in. high, nearly 
twice the height it attained last season with greater moisture. 
The pods, which have only just formed, show promise of an 
excellent crop. This variety is the only one on which have 
been observed the nodules characteristic of leguminous 
crops. Although this matter of nodules has been often 
before mentioned in this ‘Journal,’ it will bear repetition. 
All plants of the family Leguminosae (such as peas, beans, 
clovers, vetches, lucerne, etc.) may become the hosts on 
which certain soil bacteria (microscopic plants) can live. 
Each different species of this Family has its own variety of 
bacterium. These bacteria gain entrance into the root of the 
host plant from which they draw part of their sustenance, 
and, as they breathe, they manufacture soluble nitrogenous 
compounds from the nitrogen of the air, which are the most 
valuable of all manures. These are greedily absorbed by the 
plant, and any surplus remains in the soil after the crop has 
been removed.”

190. Smith, C.D.; Robison, F.W. 1905. Observations on the 
infl uence of nodules on the roots upon the composition of 
soy beans and cowpeas. Michigan Agricultural Experiment 
Station, Bulletin No. 224. p. 125-32. May.
• Summary: Nodules on the roots of cowpeas and soy beans 
increased both the nitrogen and protein content of the plants 
and seeds, but did not increase the total yield. “On several 
occasions equal areas were sown to soybeans and cow peas, 
one area inoculated and with nodules on the roots, the other 
area not inoculated. As far as quantity of crop is concerned 
the results have no shown a large and notable increase due 
to inoculation. On the 23rd of September, 1903, there were 
growing on the station plots, two areas of soy beans. On one 
of them the roots were practically free from nodules, on the 
other the roots were well inoculated and nearly covered by 
them. The variety of beans was the Medium Green, a late 
sort ripening its seed but rarely and in favorable seasons 
only, but affording an abundance of leaves and stems.” “The 
leaves and stems together of the inoculated soy carry 17.38 
pounds of nitrogen.”
 “It is interesting to note that the inoculation has 
increased the amount of nitrogen in the soy beans by almost 
exactly 50 per cent.”
 “In 1904 some investigations were conducted to test 
the infl uence of nodules on the roots on the composition of 

the ripened seed of two varieties of soy beans. The Medium 
Green is not certain to mature its seed in this latitude, but 
did so in 1904. The Ogemaw is an earlier sort, fairly certain 
to ripen in an average year.” A table (p. 132) shows that 
seeds of the inoculated Ogemaw contained 42.20% protein, 
versus only 35.39% for the seeds from plants that were not 
inoculated–an increase of 19.2%. For Medium Green the 
corresponding fi gures were 36.45% vs. 31.23%–an increase 
of 16.7%.
 “In conclusion of the work of the two years it has been 
learned that the nodules on the roots, while, on fairly fertile 
soil, they may not notably increase the yield, do increase the 
relative and absolute amount of nitrogen in the plants. This 
increase is very important and pronounced.”
 The writers calculated that inoculated soybeans took 
26% of their nitrogen from the air. Address: 1. Director of 
the Station; 2. Chemist.

191. G.S. 1905. Soy beans for western New York. Rural 
New-Yorker 64(2888):440. June 3. Oversize.
• Summary: “Which would be the better in our part of the 
country, cow peas or Soy beans for hay for Winter feed for 
sheep? We wish to plant about six acres of sandy loam, well 
manured, which raised a fair piece of corn last year. What 
varieties of either?
 “G.S. Ballston Spa, N.Y.”
 “For your location we consider Soy beans better than 
cow peas. They grow better in your latitude, and their upright 
growth makes them easier to cut and handle. The Medium 
Green is a good variety. In our experience Soy beans have 
not done well when fi rst grown–without inoculation.” 
Address: Ballston Spa, New York.

192. Smith, Clinton D. 1905. Legumes other than alfalfa. 
Michigan Agricultural Experiment Station, Bulletin No. 227. 
p. 165-84. June.
• Summary: The summary (p. 165) states: “Soy beans are 
now grown in all parts of Michigan. The tests discriminate 
between varieties designed to produce abundant forage and 
those bred to produce abundant seed. Of the former the 
medium green, early black, and yellow are leading sorts, of 
the latter the Ogemau [Ogemaw], the rather small Ito San, 
and government 9413 are good types.”
 The section titled “The experiments” gives details on 
many leguminous crops tested in 1903 under the supervision 
of Mr. Bronson Barlow. Named soy bean varieties tested 
from July to Sept. 1903 (p. 172-73) were: Early Black, 
Extra Early Black, Medium Green, Ito San, Medium Green, 
Ogemaw, Yellow, and Wood’s. Two tables (p. 173) give the 
yield per acre (in lb) of grain and straw.
 Also tested (p. 174-75) were: Gosha, Rukigira (also 
spelled Rukigiri), and Rokugetsue [Rokugatsu?].
 The section titled “Soy beans and other legumes as 
green manures” (p. 180-83) compares two varieties of soy 
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beans (Medium Green and Ogemaw) and four other legumes 
(cowpeas, Vicia globosa, clover, and June clover). One 
etymologically interesting sentence reads: “Another soy, the 
Ogemaw, was also examined and its composition is recorded 
below.” Tables (p. 181-82) show: (1) Comparison of the 
weight (in pounds) of forage and roots from six legumes 
produced in an area of 12 square feet. (2) Based on the fi rst 
table, the chemical composition of the forage, roots, and 
nodules of each of the six crops analyzed above. (3) The 
weight (in lb) of nitrogen, phosphoric acid, and potash found 
in each of the six crops. Medium green soy is highest in 
nitrogen, Ogemaw soy is highest in phosphoric acid, and 
clover (new seeding) is highest in potash.
 The last section titled “Ensiloing soy beans” (p. 184) 
reports that silage made of soy beans alone and put into 
the silo on 15 Sept. 1904 had a peculiar and unpleasant 
odor. A table shows the composition of the silage. Address: 
M.S., Director of the Station Council, Agricultural College, 
Michigan.

193. Ingle, Herbert. 1905. The chemical section: Further 
notes on the nitrogen-fi xing bacteria. Transvaal Agricultural 
Journal 3(12):725-28. July,
• Summary: “In the last number of the ‘Journal’ a brief 
account was given of the present position of our knowledge 
of these organisms and of the methods of utilising them in 
enriching the soil in nitrogen.
 “In the course of the article the possibility of our soils 
being already provided with organisms capable of producing 
tubercles on the roots of leguminous crops was mentioned, 
though the writer had at that time rarely observed or heard of 
the occurrence of such tubercles.
 “Recently, however, considerable evidence has been 
adduced to prove that the necessary organisms do occur in 
the Transvaal, and that in the case of several plants, nodular 
swellings are frequently to be found on the roots.
 “Mr. C.E. Legat, the Conservator of Forests, informs 
me that he has noticed that many of the native leguminous 
trees (acacias, etc.) commonly possess tubercles on the 
roots. At the Skinner’s Court Experiment Grounds soy-beans 
have been observed to possess them, though in this case it 
is extremely probable that the organisms giving rise to the 
nodules were brought in with the seeds...”
 “As to the likelihood of the organisms or their spores 
being introduced with the seed, it is well to remember that 
the actual organisms inhabit the root tubercles only, and 
cannot, so far as is known, travel in the plant to the fl ower 
or seed. They apparently, however, can escape into the 
soil. possibly after the death and decay of the host plant. If 
seed contains the germs of the nitrogen-fi xing organisms, 
therefore, it does so in all probability because of its being 
contaminated with particles of the soil in which the parent 
plant grew. Such contamination is much more likely to occur 
with large seeds, which are readily shed on the ground, and 

have to be collected from the surface (e.g., frequently with 
the soy-bean), than with the smaller seed like lucerne or 
clover, which could not be conveniently collected if scattered 
before harvesting.” Address: B.Sc., F.I.C., F.C.S.

194. Skinner, John H. 1905. Soy beans, middlings and 
tankage, as supplemental feeds in pork production. Indiana 
(Purdue) Agricultural Experiment Station, Bulletin No. 108. 
p. 13-32. July. [3 ref]
• Summary: The objects of the test were: 1. “to determine 
the value of [ground] soybeans as a supplement to corn 
in pork production and to encourage farmers to grow 
their own protein for hogs. 2. To compare soy beans with 
middlings and tankage as supplements to corn, and add 
new data to previous experiments with these feeds. 3. To 
emphasize again the defi ciency of corn as a sole ration for 
pork production and point out more economical methods of 
feeding and utilizing corn.”
 Soy beans were grown on the University and yielded 
about 25 bu/acre without fertilizer. Their value as a feed was 
given as $33.33 per ton, before grinding. The results: “1. Soy 
beans proved to be a very valuable adjunct to corn, being 
the most effi cient feed tested. 2. Pigs fed a ration of one part 
soy beans to two parts of corn produced two and one-fi fth 
times as much gain in the same length of time as did those 
receiving corn only...
 “Indiana swine growers would do well to investigate 
the merits of soy beans. They can be easily grown and will 
furnish a home grown supply of protein in a very desirable 
form... In conclusion, it may be said of soy beans that they 
are easily grown, are productive, bring nitrogen to the soil, 
withstand drouth well, are rich in protein and fat, and furnish 
an effi cient feed to combine with corn in pork production. 
Corn alone is not a profi table feed for growing, fattening 
swine.”
 Photos (p. 30-31) show a comparison of pigs fed on: (1) 
Corn meal only; (2) One-half corn meal, one-half middlings; 
(3) Two-thirds corn meal, one-third soy bean meal [probably 
ground whole soybeans]; and (4) Five-sixths corn meal, one-
sixths tankage.
 Note: This is the earliest document seen (Oct. 2014) 
that contains the word “tankage” in connection with soy. 
The section titled “Tankage” (p. 20) states: “Tankage is 
a by-product of the packing houses [slaughter houses], 
manufactured especially for feeding purposes. It is made 
from meat residues, scraps of fat, bone, etc., obtained from 
animals pronounced free from disease. These meat materials 
are dumped into a large tank and thoroughly cooked under 
pressure. The grease is removed from the surface and the 
residue is then dried at a high temperature. Later, it is 
ground, screened, and placed in bags for shipment. The high 
temperature employed destroys all disease germs which 
might be present. The product, when well prepared, is 
therefore a safe feed for pigs.”
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 Note: The “Digester tankage” used in this experiment, 
from Swift & Co. in Chicago., sold for $33.00 per ton–the 
same as soy beans (p. 19). Tankage is also used as a fertilizer. 
Address: B.S., Animal Husbandry, LaFayette, Tippecanoe 
County, Indiana.

195. Butz, George C. 1905. Farms and farmers. Farm 
correspondence: Nitro Cultures. Atlanta Constitution 
(Georgia). Sept. 18. p. 10.
• Summary: “Early in the year the station secured, through 
third parties, specimens of the so-called nitro cultures, sold 
by the National Nitro Culture Company of West Chester, 
Pennsylvania. These cultures are stated to consist essentially 
of the bacteria which produce the so-called tubercles on the 
roots of leguminous plants, and thus enable these plants to 
acquire nitrogen from the air. In view of the extravagant 
claims made for these cultures, it was deemed desirable to 
attempt to learn something of their actual value.”
 Pot experiments (which are described) were conducted 
on four legumes: alfalfa, vetch, soy bean and cow pea. These 
experiments “fail to show any benefi cial effects from the use 
of the quotation semicolon
 Note: This is the earliest English-language document 
seen (Aug. 2018) that mentions “Nitro Cultures” or the 
“National Nitro Culture Company”; it also mentions “Nitro 
Cultures” in connection with inoculation of soybeans. 
Address: Pennsylvania Experiment Station.

196. Rural New-Yorker. 1905. Experience with inoculated 
soil: do government cultures pay? 64(2910):789. Nov. 4. 
Oversize.
• Summary: Poor results in Massachusetts: I have read 
with much interest the several articles on Alfalfa... “We 
have tried culture from the Department of Agriculture, and 
inoculated soil from the Alfalfa district in New York, but 
have never obtained a growth of nodules [on Alfalfa] such 
as we fi nd on Red clover or Soy beans. I would like to know 
if Alfalfa anywhere produces 50 or 100 nodules on the roots 
of one plant, as is often done by Soy bean plants here. The 
inoculated soil has probably done a little good, but the plots 
on which the pure cultures have been used have never been 
materially different from the adjoining plots on which no 
culture was used. Others tell of Alfalfa thickening up, but 
ours never does that. While we often get a fair stand on 
seeding we never had a year-old fi eld that was well stocked, 
and usually by the fi rst Fall there will be many spots where 
the weeds are ahead of the Alfalfa. We have tried disking, but 
fi nd that the weeds will stand more rough treatment than will 
the Alfalfa.
 “C. Hampshire Co., Mass.” Address: Hampshire County, 
Massachusetts.

197. Meyer, Frank N. 1905. Re: Chinese culture and growing 
soybeans in China. In: Letters of Frank N. Meyer. 4 vols. 

1902-1918. Compiled by Bureau of Plant Introduction, 
USDA. 2444 p. See p. 70-a, 70-c, 70-d. Letter of 14 
Nov. 1905, from Peking, China, to P.H. Dorsett at Chico, 
California.
• Summary: “Life is very strange in this Chinese land. When 
I am out in the country I sleep on brick beds and most times 
with no fi re underneath, so one really hates to lie down. And 
fi lthy the Inns are... chamberpots and water closets [chamber 
pots and toilets] are unknown. How a race can thrive in such 
conditions is a puzzle to me, but they thrive just the same 
and China with its 430 million people is going to come to 
the front these days, for the people, notwithstanding all 
their dislike for sanitation, are a solid kind of men and they 
possess many sterling virtues.
 “In agriculture they are experts. They till their land to 
perfection. They understand how to use nitrogen-supplying 
plants between soil-exhausting crops, and so one fi nds 
the soybean growing between corn, sorghum, and millet” 
[intercropping].
 Note: This is the earliest document seen (March 2017) 
concerning Frank N. Meyer and soybeans.
 Location: University of California at Davis, Special 
Collections SB108 A7M49. Address: USDA Plant Explorer, 
China.

198. Lewis, L.L.; Nicholson, J.F. 1905. Soil inoculation. 
Tubercle-forming bacteria of legumes. Oklahoma 
Agricultural Experiment Station, Bulletin No. 68 p. 1-30. 
Dec.
• Summary: Page 11: “Soy Bean Experiments: The germ 
producing nodules on the soy bean is not found in the soil of 
the experiment station farm. There are plots of ground on the 
farm that have been repeatedly planted to soy beans but in no 
instance have tubercles been found on the roots of any of the 
plants examined. In the spring of 1904, some inoculated soil 
was obtained from the Kansas experiment station and used to 
inoculate a small plot of ground that was afterwards planted 
to soy beans. This experiment gave practically negative 
results as only one tubercle was found on all of the plants 
that were examined.
 “A culture of the soy bean germ was obtained from the 
Department of Agriculture at Washington during the spring 
of 1904, cultivated as directed and used in both fi eld and pot 
experiments with negative results. As only a small plot of 
ground was to be planted to soy beans, both seed and soil 
in the row were thoroughly inoculated with the culture, but 
no nodules were found on any of the plants, and frequent 
examinations were made from June until September, when 
the plants were matured.
 “On August 23rd, 1905, about half an ounce of nodules 
from the soy bean plant was received from the Kansas 
experiment station for experimental work. These nodules 
were washed free from all dirt and thoroughly ground in 
a small mortar after which a liter of water was added to 
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the pulp. This gave a very white or milky colored fl uid 
which was used to inoculate some pots for pot experiments, 
also a quantity of seed for fi eld work. The inoculated pots 
were planted on August 24th and the inoculated seed was 
planted in the fi eld on August 25th, and was planted in plots 
alternating with plots planted with seed not inoculated. One 
of the inoculated pots was examined on September 13th. The 
pot contained four plants one of which had twelve nodules 
varying in size from that of a millet seed to that of a wheat 
grain. Plants taken from the inoculated plots on the same 
date showed from one to four nodules per plant while plants 
from uninoculated plots had none.
 “This test demonstrates that but a short time is necessary 
for tubercles to form on the plants if the germ is present in 
the soil in an active condition, it also indicates a practical 
and easy way by which inoculations may be made in 
some cases. The greater portion of the soy beans planted 
in Oklahoma are planted on wheat stubble. Inoculating 
material for distribution may be obtained by growing an 
acre or more of the plants during the early spring in soil that 
is thoroughly inoculated. By the time the crop of soy beans 
is to be planted, inoculating material may be obtained from 
the inoculated plot. The tubercles may be sent by mail any 
reasonable distance and arrive in good condition. Three or 
four ounces of tubercles when thoroughly ground and mixed 
with two or three liters of water will make an abundance 
of material for inoculating a considerable quantity of seed 
as it is only necessary to thoroughly wet the seed. Material 
for inoculating soy beans and cow peas may be easily and 
practically obtained in this manner as the nodules formed on 
these plants are large and a few ounces of them are easily 
collected. This method would hardly be practicable for 
clovers, as these plants form very small nodules.
 “’Nitro Culture.’ In April, 1905, a package of the culture 
of the alfalfa germ, put up by the Nitro Culture Co., was 
secured and used in experiments to determine its value in this 
work.”
 Page 14 discusses “cross inoculation.” A table shows 
the “Results of crossing cultures from one species of plant to 
another.” Bacteria from no other species can be used to cross 
inoculate soy beans. Thus, soy beans apparently need their 
own special culture.
 Another table (p. 16) shows “The general distribution 
of the tubercle-forming bacteria of legumes.” Such bacteria 
for soy beans are found in Alabama, Arkansas, Connecticut, 
Florida, Georgia, Illinois, Indiana, Kansas, Louisiana, 
Massachusetts, Minnesota, Nebraska, New Hampshire, Ohio, 
Puerto Rico, Rhode Island, South Carolina, Tennessee, and 
West Virginia.
 On page 22 is a section titled “Cultural Characters of the 
Tubercle-Forming Bacteria of the Legumes. Pseudomonas 
radicicola (Beyerinck).” “Drawing conclusions from the 
experiments reported in this bulletin, there seem to be two 
reasons for believing that there is only one species of these 

organisms.”
 Page 29: “There seems to be prevalent to a great extent 
the idea that if the tubercle-forming bacteria are lacking in a 
soil that it is useless to undertake to grow the particular crop 
for which they are wanting. This is certainly far from the 
observed facts. Heavy yields of soy beans are obtained from 
crops grown on the experiment station farm and there are no 
nodules formed on the soy bean in this soil. However, the 
crop is grown on soil that has an abundance of plant food and 
is well cultivated. Other things being favorable, a rich soil 
in good mechanical condition will produce a good growth 
of alfalfa whether the nodule-forming bacteria are present or 
not.” Address: 1. Veterinarian; 2. Asst. in Bacteriology. Both: 
Stillwater, Oklahoma.

199. Burtt-Davy, Joseph. 1905. Report of the government 
agrostologist and botanist for the year ending June 30th, 
1904. Transvaal Department of Agriculture, Annual Report. 
p. 261-320. For the year 1903-04. See p. 263, 270-71, 274. 1 
plate. Reprinted in part in the Rhodesian Agricultural Journal 
3(4):354, 364 (1906).
• Summary: The author, an early advocate of soybeans in 
Africa, arrived in the Colony on 1 May 1903. Writing on 
26 Oct. 1904 he notes: “The year has been principally spent 
organising the work of the Division, and travelling over 
the country to meet farmers and study the conditions and 
needs of the various districts. For the fi rst 6 months I had no 
assistants, therefore it was impossible any one branch.”
 A non-original illustration of the Soy-bean (p. 270) 
shows the stem and leaves, plus individual close-ups of a 
fl ower, several pods, and the root system with nodules. The 
artist’s initials appear to be A.M.H.
 Section 2, titled “Hay, silage, and soiling crops” (p. 
271) begins: “The warm rains of the Transvaal summer are 
particularly favourable to a rank and rapid growth of summer 
crops.” A subsection on “The soy-bean (Glycine hispida)” 
(p. 274) states: “An American variety known as the southern 
soy-bean gave excellent results on the Springbok Flats; the 
seeds were sown December 10th [1903], in drills 3 feet apart; 
the return was 70 lbs. of seed from 5 lbs. sown. If cut from 
the time of fl owering until the pods are half formed, it makes 
good and nutritious hay. It is cut with a scooter or V-shaped 
plough, as the stems are too woody to be mowed with an 
ordinary machine. The crop can be turned into good ensilage, 
if cut when the seed is nearly ripe; its principal value lies, 
however, in the dried bean, which is used in conjunction 
with maize for fattening stock. Of all legumes in cultivation, 
the soy-bean is only exceeded by the ground-nut in amount 
and digestibility of its food constituents; it is especially rich 
in fats and nitrogenous compounds, in fact, it is one of the 
richest of concentrated foods. It is useful for bringing up the 
quality of poor soils.”
 Note 1. This is the earliest document seen (Aug. 
2009) that clearly refers to soybeans in South Africa, or 
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the cultivation of soybeans in South Africa. This document 
contains the earliest clear date seen for soybeans in South 
Africa, or the cultivation of soybeans in South Africa (10 
Dec. 1903). The source of these soybeans was J.M. Thorburn 
& Co., New York, USA. See also Palmer 1882, and George 
M. Moore 1905.
 Note 2. The Transvaal is a large province in northeast 
South Africa; its capital is Pretoria. It was inhabited by 
the Boers (South Africans of Dutch or Huguenot [French 
Protestant] descent) after the great trek from the Cape in 
the 1830s. In 1856 the Boers formed the independent South 
African Republic. This was followed by civil war and 
fi nancial diffi culties. The discovery of diamonds in 1867 
led Britain to annex the Republic in 1877, even though its 
independence had been acknowledged by Britain in the 
Sand River Convention of 1852. Rebellion by the Boers 
led to restoration of the Republic in 1881. The discovery of 
gold in 1886 brought in many foreigners. The South African 
Republic joined with the Orange Free State and fought 
Great Britain in the “Boer War” of 1899-1902. The Boers 
lost. Now called the Transvaal, the area was annexed as a 
British Crown Colony in 1900, granted self-government in 
1906, and joined the Union (now Republic) of South Africa 
in 1910. Chief towns are Pretoria and Johannesburg, with 
suburbs of Boksburg and Springs.
 Note 3. Springbok Flats in the Transvaal Province is 
not a particular town, but an area located between the towns 
of Warmbaths, Hammanskraal, Groblersdal, Marble Hall, 
Immerpan, Naboomspruit and Nylstroom. It is roughly 
an oval fl at area. Address: Government Agrostologist and 
Botanist, Div. of Botany, Pretoria, South Africa.

200. Gregory, James J.H., and Son. 1905. Vegetable 
and fl ower seeds catalogue... (Mail order). Marblehead, 
Massachusetts. 76 p.
• Summary: In the section titled “Plants Valuable for 
Fodder,” “Soja or Soya Beans” are mentioned on page 37, 
and in a price list on p. 51 (along with “Chufas or earth 
almonds, and many other plants).
 Near the end of the catalog is a full-page advertisement 
titled “Nitro-Culture may double your crop.” An illustration 
shows soy bean roots with nodules on them. In the price 
list at the bottom of the page, Nitro-Culture for inoculating 
soy beans sells for $2.00 per acre; there are different prices 
for various crops. “Says the United States Department of 
Agriculture: ‘It is worse than useless to attempt to grow any 
leguminous pod-bearing crop without being certain of the 
presence of the bacteria which enable the plants to fi x free 
nitrogen. Certain soils are practically devoid of the right kind 
of bacteria, and unless some artifi cial means of inoculating 
the germs be resorted to the crop will be a failure.’
 “The new way saves the cost of nitrogen and is very 
easy to use. The germs come ready for use, in a form called 
Nitro-Culture. Nitro-Culture is put up in a dry package, so 

small you can put it in you vest pocket. Simply add it to 
water, and sprinkle the water over the seeds before planting. 
The germs remain on every seed–live with it–increase about 
it–feed the roots when they start and keep on feeding them. 
They also enrich the soil by storing nitrogen in it, so that 
the second year’s crop, whatever it may be, may be greatly 
increased.”
 Note 1. This is the earliest document seen (Oct. 2018) 
that mentions “Nitro-Culture,” a product used for inoculating 
legumes. This is also the earliest ad seen (Oct. 2018) in a 
seed catalogue for a product used for inoculating soy beans. 
Address: Marblehead, Massachusetts.

201. Kellerman, Karl F.; Robinson, T.R. 1905. Inoculation of 
legumes. Farmers’ Bulletin (USDA) No. 240. 7 p.
• Summary: Contents: Introduction. Directions for using 
cultures: to prepare the culture liquid, to inoculate seed, to 
inoculate soil, information for users of inoculating material. 
When inoculation is desirable. When inoculation may 
prove advantageous. When inoculation is useless. When 
inoculation will be a failure. Keeping cultures for future 
use. Confusion of nematode galls with nodules. Danger in 
inoculation by soil transfer.
 Note: Soy is not mentioned. Address: 1. Physiologist 
in Charge of the Lab. of Plant Physiology; 2. Asst. in 
Physiology, Vegetable Pathological and Physiological 
Investigations, Bureau of Plant Industry.

202. Moore, George T.; Robinson, T.R. 1905. Benefi cial 
bacteria for leguminous crops. Farmers’ Bulletin (USDA) 
No. 214. 48 p. See p. 43.
• Summary: The section on “Nitrates” (p. 14) states: “The 
fact that the nodules do not occur abundantly upon plants 
growing in very rich earth has been frequently observed. Not 
only does the available nitrogen in the soil render the activity 
of the bacteria less essential to healthy plant growth, but the 
presence of nitrogenous substances seems to have a distinctly 
unfavorable effect upon the bacteria themselves.” 
 An original illustration (p. 17, by Blanchard; see next 
page) shows the roots of two soybean plants with many 
nodules.
 Page 22: “R.C. Atkinson of Wilkinsburg, Pennsylvania, 
reporting upon inoculated cowpeas and soy beans, has this to 
say: ‘Season was very unfavorable, yet the inoculated seed 
came to a nearly perfect stand and made a quicker growth. 
The difference was quite marked.”
 Page 28: “Inoculation is highly desirable” for the 
“infection of soy beans grown in the United States was fi rst 
secured only after using soil imported from Japan.”
 In the section titled “Field tests by practical farmers” (p. 
31-46) is a subsection on “some characteristic experiences.” 
Under “Soy beans” we read (p. 43-44):
 “Alabama, Rash. W.W. Lee.–All inoculated but six rows. 
Inoculated began showing result of inoculation in a few days 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   117

© Copyright Soyinfo Center 2018

after they came up, and harvested 50 per cent more than the 
other.
 “Georgia, Gainesville. John E. Miller.–The soybean 
inoculation I got last spring was a complete success. I 
planted 10 to 12 acres on an old barren fi eld, and they are 
from 12 to 36 inches high. Have not found a single one that 
was not inoculated. One had tubercles 26 inches from the 
base. I think your Department a great help to the farmers.” 
Note: This is the earliest English-language document seen 
(March 2003) in which the word “inoculation” is used as a 
noun (today the word “inoculum” would be used) to refer to 
a substance used to inoculate a particular legume.
 “Kentucky, Winchester. Dr. M.S. Browne.–Twelve 
thousand fi ve hundred pounds dry hay, ready for storing, per 
acre; ground where seeds were not inoculated at rate of 1,500 
pounds cured hay per acre. Soil, medium bluegrass sod. Non-
inoculated, a failure; inoculated, a wonderful crop. Date of 
planting, April 15; date of harvesting, July 25.
 “Maryland, Bynum. Wilmer P. Hoopes.–Our soy beans 
drilled in with corn in rows 3½ feet apart, the whole crop 
making about 20 tons of silage per acre. The beans just 
covered the space between the rows and yielded at least 20 
tons per acre. The roots were just covered with nodules.”

 Similar letters concerning soy bean 
inoculation appear on page 44 from U.L. Coleman 
(Marionville, Missouri), W.W. Stead (Maryland, 
New York), C.E. Jones (Carysbrook, Virginia), and 
Mrs. Rose Fisher (Simplicity, Virginia). Address: 
1. Physiologist and Algologist, In Charge of 
Lab. of Plant Physiology; 2. Asst. in Physiology, 
Vegetable Pathological and Physiological 
Investigations, Bureau of Plant Industry [USDA].

203. Ricaldone, Pedro. 1905. Las leguminosas 
y los cereales: Estudio critico cientifi co. 2nd ed 
[The legumes and the cereals: A critical scientifi c 
study. 2nd ed.]. Seville, Spain: Biblioteca Agraria 
Solariana. 120 p. 21 cm. Vol. 13. [30 footnotes. 
Spa]
• Summary: Tells the story of the discovery of 
how legumes fi x nitrogen from the air in the soil 
using bacteria living in nodules on their roots. 
That nitrogen then helps the growth of subsequent 
cereal crops. Contents: Acknowledgments, 
appreciation and clarifi cation: Thanks to the 
work of: Berthelot, Breal, Grandeau, Déhérain, 
Ville (France); Pablo Wagner (Austria); 
Hellriegel, Wilfarth, Nobbe, Hiltner, Schmid, 
Müntz, Schlössing, and 100 others (Germany); 
Prazmowski, Winogradski (or Vinogradskii) 
(Russia); Lawes, Gilbert, Warington, Salfeld 
(England). Aducco (Italy). Also: Llera.
 1. The struggle toward the light. 2. The 
scientifi c struggles of the past [to understand this 
basic idea]. 3. Legumes and the free fi xation of 

atmospheric nitrogen: Pasteur and Hellriegel, the station 
at Bernberg, the examination of roots and nodules, 20 
Sept. 1886, the solution and its origin, inoculation, Breal, 
Prazmowski, Lawes, Gilbert, applications, the direct method 
of Schloesing and Laurent, demonstrative statistics, Schultz 
at Lupiz, 400 kg of nitrogen at Rothamsted!, Knill, French 
honeysuckle and 252 kg, Pablo Wagner and the foundation 
of double anticipation, the science, and the logical 
conclusions. 4. Solari before science [the Solari system of 
Italy]: What does Solari (of Italy) say, the agents of fertility, 
the free fi xation of nitrogen, the law of double anticipation, 
alternation rate, law of the minimum, nodules and their 
bacteria, the economic basis of the system, What does Mr. 
Liera say?, the identity of the affi rmations of science and the 
system of Solari. 5. More details / facts, isothermal lines, and 
micro-organisms. 6. The rational critique of Mr. Llera y the 
effi cacy of the Solari system.
 Soy is not mentioned; the only legumes mentioned are 
garbanzos and alfalfa which grow well in Andalucia, Spain 
(p. 89).

204. Ball, O.M. 1906. Nitro-Culture and inoculation. Texas 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   118

© Copyright Soyinfo Center 2018

Agricultural Experiment Station, Bulletin No. 83. 15 p. Jan.
• Summary: “In view of the extravagant claims now being 
published regarding the wonderful benefi ts to be derived 
from artifi cial inoculation of the soil, or of the seeds of 
leguminous plants, with bacteria which fi x the free nitrogen 
of the atmosphere, a careful investigation of the question was 
thought advisable. It is true that some of these extravagant 
expressions have lately been modifi ed to a certain extent, 
but the numerous requests for information and advice which 
are being received by the Experiment Station of this State 
show that the public interest has been aroused to a high 
pitch by the sensational announcements of vast profi ts to 
accrue from artifi cial inoculation of leguminous crops. Many 
seedsmen and dealers are pushing the sale of a commodity 
which is guaranteed to produce these marvelous results at a 
price of from $1.50 to $2.00 per acre, when the actual cost 
of the stuff has been shown to be less than 10 cents, and 
is worthless, in most cases, at that. Moreover, the process 
of artifi cial inoculation, in essentials, is not a new one, but 
is merely a revival of an attempt fi rst made by Nobbe, a 
German scientist, in 1898. Owing to questionable results, 
Nobbe’s method quickly fell into disfavor. Nobbe distributed 
his inoculating material in a solution containing nitrogen; 
Carron, both as fl uid and dry, and Moore sends his desiccated 
on cotton. It appears, however, that undue haste has been 
exercised by the last named investigator in announcing his 
results. Proper verifi cation of results. before publication, has 
been lacking.
 “Claims Advanced for Nitro-Culture.–Essentially, the 
claims advanced for Nitro-Culture are based on the following 
considerations:
 “1. The presence of nitrogen-fi xing bacteria on the roots 
of legumes is requisite for the production of good crops, 
especially where the soil is lacking in nitrates.
 “2. The various legumes are affected by a species of 
bacterium which has so adapted itself to its host plant that 
each legume has its own variety of that species.
 “3. If soils are naturally defi cient in nitrogen-fi xing 
bacteria, these may be introduced by inoculation of the soil, 
or of the seed to be sown.
 “4. In order to obtain the best results, it is necessary to 
inoculate a given legume with its own variety of bacterium.
 “5. By cultivation of these bacteria under suitable 
conditions, for example, in solutions of food stuff in which 
no nitrogen is present, their ‘virility’ or greed for nitrogen 
may be greatly increased.
 “6. After having been inoculated with these greedy 
bacteria, the crop of given legume will be vastly enlarged, 
because the bacteria will fi x a quantity of nitrates 
corresponding to their enhanced appetites, thus affording a 
greatly enlarged food supply for the legume.
 “In regard to these claims, the fi rst is to some extent 
true. It is a matter of common observation that most legumes 
are more thrifty when their roots show a copious supply of 

the nodules produced by the activities of these bacteria. Their 
presence does not seem to be requisite, however, when the 
soil contains a plentiful supply of available nitrates, which 
fact has led to the statement that the bacteria will not thrive 
in such soil.
 “Secondly, in the light of recent experiments (Footnote: 
Hopkins, Bulletin Illinois Experiment Station, 94, 1904. 
Lewis and Nicholson, Oklahoma Experiment Station, 
Bulletin No. 68, 1905, page 14 gives a table showing several 
other cases of cross-inoculation), it is certain that in the 
case of the bacteria which produce nodules on the roots of 
sweet melilot, the same nodules will appear upon the roots 
of alfalfa, after ‘cross-inoculation.’ As will hereafter appear 
in this paper, the same is true of those bacteria infecting the 
roots of bur-clover. It will also appear that the bacteria sold 
by certain parties for the exclusive inoculation of alfalfa will 
sometimes infect the roots of bur-clover, and the bacteria 
designed for the exclusive use of bur-clover will in turn 
sometimes infect alfalfa.
 “As regards the third proposition, there are certain 
conditions under which it is conceivable that a given soil will 
be defi cient in nitrogen-fi xing bacteria; for instance, when a 
fi eld has been cropped to excess with a growth which does 
not serve as host to these bacteria, such as wheat or corn. 
Under such circumstances, if the germs can not preserve their 
vitality for a year or two in the soil, they most inevitably 
disappear. These conditions are not apt to occur in a natural 
state of affairs, since, in most localities, one or other form of 
legume will be found abundant. On the barren sands of the 
uplands near the Brazos river, in land which has never been 
under cultivation, isolated legumes (Lupinous sub carnosus, 
L. Texensis, bur-clover, Japan clover and others) have been 
examined by the writer, and in every case show a plentiful 
supply of the nodules. The same fact was observed on the 
lately excavated embankment of the I. & G. N. Railroad, 
where the stiff and poor sub-soil of the ‘post-oak’ country 
had been exposed to the gradual encroachment of vegetation, 
with scattered specimens (L. subcarnosus, L. Texensis, etc.). 
The writer has also noted, during four or fi ve years, the 
gradual spread of Japan clover on the mountains of certain 
parts of Virginia. This plant has spread slowly over the Blue 
Ridge and the adjacent hills, on land never cultivated in 
any manner. From year to year, the plants appearing for the 
fi rst time, even at elevations of 2500 feet, invariably show 
roots well supplied with nodules. The bacteria causing these 
nodules have either been obtained from other legumes, or 
the infection has been carried with Japan clover as it spread. 
Even isolated plants, on remote ‘knobs,’ have invariably been 
found to be supplied with tubercules. In another case, on 
land. which had received a top dressing of stable manure, but 
which had not been cultivated for many years, both alfalfa 
and bur-clover developed nodules, apparently to suffi ciency. 
In fact, it would be diffi cult to fi nd a soil in which a wild 
legume would show no nodules. Hence, the need for artifi cial 
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inoculation would be a very rare occurrence.
 “The claim put forward in the fourth of the foregoing 
considerations has been directly contradicted by results 
obtained by the writer, working in the laboratory, as will 
appear below. In fact, it will appear, that in no case of 
artifi cial inoculation was the supply of nodules on the roots 
of the plants inoculated so copious as where the plants 
grew in the same soils but which had not been previously 
sterilized.
 “As regards the claims put forward in the fi fth statement, 
the writer has seen no adequate statement of the methods 
by which the alleged increased ‘virility’ has been obtained. 
Though great caution should always be exercised in 
reasoning by analogy, it may be urged against such doctrine 
that other like organisms do not show an increased appetite 
for their natural food after having been deprived of this 
food for a time. An aerobic bacterium (one that requires 
oxygen) may be, at another time, an anaerobe (requiring 
no oxygen), but no one has ever observed an increase in 
the ‘virility’ of such anaerobes after having been reared 
again in the presence of oxygen; at least, to the writer’s 
knowledge, no one has reported such observation. There are 
other so-called facultative bacteria, organisms which have 
the power of living with or without certain articles of food. 
There has been no recorded observation, in the knowledge 
of the writer, of an increase in ‘virility’ of such organisms 
after having been changed to a medium containing a normal 
food substance which was lacking in a previous culture. 
Against this doctrine, the facts observed in the laboratory 
have even greater weight. In no case of artifi cial inoculation 
with ‘Nitro-culture’ or other like preparations was there an 
observable increase in thriftiness in the inoculated plant, 
whether in good soils or in pure sand or water cultures in 
which all traces of nitrogen had been removed except that of 
the atmosphere.
 “Experiments to Test These Claims.–In amplifi cation of 
these objections to the claims which have been made for the 
‘Nitro-culture’ and other substances of like nature, a detailed 
statement will follow of a series of experiments which were 
made in the laboratory of the Department of Botany and 
Mycology during the winter and spring of 1904-5, and the 
fall of 1905.” Address: Mycologist [College Station, Texas].

205. Moore, R.A. 1906. Division of farm crops: Plan of work 
for the coming year. Wisconsin Agricultural Experiment 
Association, Annual Report 4:137-57. Feb. 8-9. See p. 155-
57.
• Summary: The section titled “Experiment No. 8, soy 
beans” (p. 155-57) begins: “The soy bean was probably 
introduced into the United States from Japan about fi fty 
years ago [i.e., in about 1856] and has been cultivated with 
success in the southern states. In Japan it is used extensively 
as a human food, but in this country it is grown for the seed, 
as a forage plant, and as a soil renovator. As a forage its use 

as a soiling crop is becoming recognized, by the stockmen 
and dairymen, as it withstands the drought exceptionally well 
and will give a good cutting of green forage at the time when 
other feeds are shriveled and wilted. Soy beans of the late 
variety gave a cutting of 9.9 tons green forage per acre at the 
Wisconsin Experiment Farm in 1900 and yielded thirty-eight 
bushels of seed beans per acre in 1902, and forty bushels per 
acre in 1903.”
 “Secure a sack of inoculated soil from the Experiment 
Station and scatter on a portion of the fi eld that you desire to 
plant to soy beans and note the development of the nodules.”
 A “report blank” (p. 156-57) with 22 questions is given 
for farmers who want to try growing soy beans and to report 
their results to the Association. Address: Secretary, Madison.

206. Garman, H. 1906. Observations and experiments 
on clover, alfalfa, and soy beans. Kentucky Agricultural 
Experiment Station, Bulletin No. 125. p. 37-61. March.
• Summary: A general interest in alfalfa has been “awakened 
partly by failures in growing red clover and in part by the 
exploitation of certain cultures of nodule bacteria said to 
facilitate the growing of alfalfa and other similar plants on 
land upon which they have not before been grown...” (p. 39).
 “In the majority of our soils nodules will be found on 
the roots of alfalfa, red clover, and cowpeas, showing that 
these plants do not absolutely require cultures. To get the 
greatest possible benefi t from a crop of soy beans on land 
new to them, cultures should be used the fi rst year, but if 
soy beans are to be grown several years in succession on the 
same land, it is not absolutely necessary to use cultures, since 
the nodules will appear the second year anyway. The fi nest 
growth of nodules the writer has ever seen on this plant, 
appeared in plots planted the second season with soy beans” 
(p. 41).
 Table 3, titled “Yields from six soy bean plots in 1905. 
To show effect of cultures” (p. 53). In each of the three 
paired plots, one type of culture was used on one plot and no 
culture was used on the other. In each case, the plot with no 
culture gave the highest yield!
 “Nodules large when few, small when numerous: The 
growth of nodules is undoubtedly at the expense of the plant 
growing them. When they are few or none, the plant is larger. 
That they are a tax upon the plant is shown in another way. 
When but few appear on the roots, the nodules themselves 
reach a much larger size than when large numbers develop...” 
Fresh moist cultures produce more nodules than dry ones (p. 
58).
 The section titled “Sowing soy beans and cowpeas” 
(p. 59-60) states: “The soy bean is not as well known 
in Kentucky as it deserves to be. It is as productive as 
the cowpea, makes as good green forage and hay, while 
mixed with corn, it makes excellent silage. It is a good soil 
improver also, the root nodules appearing in our soil after the 
fi rst year in large numbers. It is well adapted to our climate, 
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though some varieties require a long season to mature their 
seeds. On this account it is well to select for sowing varieties 
that mature moderately early. A medium yellow, green, or 
black bean, will give good results in Kentucky.” Address: 
Entomologist and Botanist of the Station, Lexington, 
Kentucky.

207. Harrison, F.C.; Barlow, B. 1906. Co-operative 
experiments with nodule-forming bacteria. Ontario 
Department of Agriculture, Bulletin No. 148. 19 p. March. [1 
ref]
• Summary: Contents: Introduction. The importance of 
nitrogen to the farmer. The discovery of the nodule bacteria. 
Distribution of cultures in Canada. Methods of inoculating: 
By transfer of soil, by treating the soil, by treating the seed. 
Directions for the use of nitro-cultures supplied by the 
bacteriological department of Ontario Agricultural College 
(8 steps; they begin: “The culture is sent to you with the 
understanding that it is to be used for experimental purposes 
and that you will use it as directed and report to us your 
success or failure”). Announcement.
 The bulletin begins: “The issue of a number of 
bulletins by the United States Department of Agriculture on 
‘Benefi cial Bacteria for Leguminous Crops,’ ‘Inoculation 
of Soil with Nitrogen-Fixing Bacteria,’ and the publication 
of articles on this subject in some of the popular magazines, 
has called the attention of the Canadian farming community 
to the maintenance of soil fertility by the growth of legumes 
which have been treated with benefi cial bacteria, and 
has resulted in the many requests for information to the 
Bacteriological Department of the College with demands for 
samples of the necessary bacteria for the purpose of treating 
various crops such as clovers, peas, beans, etc.
 A table (p. 4) shows how many samples of nitrogen-
fi xing bacteria (“nitro-cultures”) were sent to 10 provinces 
of Canada. For example, Ontario was sent 76 samples, Nova 
Scotia 66 samples, and Quebec 10 samples. A 2nd table (p. 
5) shows the total number of reports received for each of 9 
different crops; the soybean had 1 report only [in response to 
culture samples sent, but we are not told in which province 
those soy beans were grown]. Some 38 samples of the 134 
reports received are printed in this bulletin; of those, the four 
for “Beans” (the type of beans is not stated) are from Ontario 
(3) and New Brunswick (1).
 A full-page photo (p. 13) shows two uprooted soy bean 
plants. The one on the right has many more leaves and larger 
roots than the one on the left. The caption states: “The one 
on the left is from untreated seed, that on the right from seed 
treated with nitro-culture.”
 Another full-page photo (p. 15) shows the roots of four 
separate soy bean plants, upside down. The caption states 
that the two largest root systems with the most nodules are 
from seed treated with nitro-culture, whereas the other two 
are from untreated seed.

 Page 16: “Inoculation is also desirable if a farmer 
wishes to grow a new kind of legume on land even though 
it has previously grown excellent crops of a different 
species of legume. This, although red clover may have been 
successfully grown, with a large number of nodules on the 
roots, the bacteria from those roots may not infect alfalfa 
or lucerne if it were planted in the clover soil, and hence, 
inoculation with bacteria taken from the alfalfa nodules, 
would be desirable. So also when introducing the culture of 
vetches, of fi eld beans, and soy beans, it would be necessary 
to treat the seed with bacteria taken from these plants... It 
seems especially desirable in Ontario to inoculate the fi eld 
bean and soy bean, as experiments have shown that Ontario 
soils are not so generally infected with bacteria for these 
plants as for the other legumes,...”
 The “Announcement” (p. 19) states: “For the spring of 
1906 the Bacteriological Department is preparing to send 
out a limited number of cultures for the inoculation of the 
following legumes: Red Clover, Alsike Clover, Alfalfa or 
Lucerne, Field Peas, Vetches, Field Beans and Soy Beans. 
Those desiring cultures will please make application 
according to the following blank form.
 “Application for nitro-culture.” “This sheet when fi lled 
out should be addressed to the Bacteriological Department, 
Agricultural College, Guelph, Ontario,...”
 Note: Unfortunately, there is no indication in this 
paper from where the soy bean seeds (or photos) were 
obtained or where they were they were grown. Address: 1. 
Bacteriological Laboratories, The Macdonald College, Ste 
Anne de Bellevue, Quebec; 2. Bacteriological Department, 
Ontario Agricultural College, Guelph. Both: Canada.

208. Indiana Farmer. 1906. Adapted to lighter and poorer 
soil (Letter to the editor). 61(15):3. April 14.
• Summary: This is the second of three letters published 
under the bold heading: “Experience department–The value 
of soy beans and cow peas.”
 “2d Premium.–These crops are not generally raised, but 
they are of great value in and at certain times and places.”
 “The soy bean seems likely to prove of greater value 
where the cow pea fails to ripen. It is adapted to about the 
same soils and produces about the same amount of vegetable 
matter. There are many varieties of these also. The Medium 
Green suits the latitude of Indiana better than any other 
and this variety has proved itself very vigorous, free from 
disease, and capable of drawing nitrogen from the air to 
an unusual extent, its roots being most thickly studded 
with nodules. It has been demonstrated by experiments, 
with results as follows: The Medium Green soy bean gave 
per acre of green weight 19,685 pounds dry matter, 5,386 
pounds, nitrogen 167.3 pounds. Black cow pea, green weight 
20,035 pounds, dry matter 3,389 pounds, nitrogen 62.1 
pounds. Wonderful cow pea, green weighed 19,685 pounds, 
dry matter 3,622 pounds, nitrogen 80.4 pounds. The table 
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shows that the soy bean gave larger quantities both of dry 
matter and of nitrogen than either variety of cow peas. The 
soy bean will not stand drouth as well as the pea but is of 
more value as a green manure.
 “For fodder the bean is nearly its equal. Experiments 
indicate that the manurial value of the stubble of the bean is 
not very great, so the use of this plant for soil improvement 
and fodder combined seems unlikely to be very favorable.
 “If grown for soil improvement the entire crop should 
be turned under. The Medium soy bean ripens in this latitude 
and will produce seed. Both the crops are best grown in 
drills.–A Reader.”
 Note: This is the earliest English-language document 
seen (Nov. 2003) that contains the term “soil improvement” 
in connection with soybeans. Address: Cass County, Indiana.

209. Daily Consular and Trade Reports (U.S. Bureau of 
Manufactures, Department of Commerce and Labor). 1906. 
Manchurian commerce: Rush of imports caused congestion 
at Newchwang. No. 2543. p. 14. April 20.
• Summary: “Consul-General Sammons reports that 
Newchwang’s commerce for 1905 was by far greater 
than ever before in the port’s history, being upward of 
$53,000,000 gold.”
 “High [soya] bean prices: With the price of beans 
advancing steadily, the Manchurian farmers are anxious to 
produce heavier crops and are therefore making inquiries 
concerning nitrogen-collecting bacteria. The former ruling 
price for bean cake was $10 and $15 gold per ton, but now 
the quotations are $25 and $30 per ton. The increase is due to 
the extending use for this fertilizer in Japan and the fact that 
many Chinese sugar-cane growers discontinued growing that 
staple and have been devoting their fi elds to fresh vegetables 
for the extreme southern Chinese and Malay Peninsula 
markets. Gardening requires heavier applications of fertilizer. 
The estimated value of bean cake exported from Newchwang 
for 1905 was $3,046,372 gold, and that of [soya] beans 
$3,347,150.”

210. Wiancko, A.T. 1906. Soy beans and cow peas. Indiana 
Farmer 61(19):3. May 12.
• Summary: The following is reprinted from Purdue 
Newspaper Bulletin No. 128. “Every farmer who feeds live 
stock should become acquainted with the soy bean and the 
cow pea, as often one or the other might be used to good 
advantage. Both are leguminous plants rich in protein and 
make excellent crops for supplementing carbonaceous 
feeding stuffs, such as corn. Being annual plants of rapid 
growth they fi t easily into a variety of rotations and may 
often be used as emergency crops where few other things 
would fi t in.
 “Uses.–Both crops are excellent soil improvers, having 
especially benefi cial effects upon the physical condition of 
soils that are inclined to be heavy, making them loose and 

mellow. Like other legumes, when inoculated with their 
particular nitrogen-gathering bacteria, they draw upon the 
free nitrogen of the atmosphere for their own requirements 
and also store up considerable quantities in their roots, and 
when these decay this stored up nitrogen becomes available 
to succeeding crops. They are therefore excellent to precede 
such crops as corn, which requires large quantities of 
nitrogen for its proper development. Being such strong and 
rapid growers and having such benefi cial effects upon the 
soil, they may often be used to good advantage as cover 
crops sown in July after small grain crops are harvested. 
With suffi cient moisture to start them properly, they may 
be used in this way as late as the fi re [sic, fi rst?] of August 
and may be dependent upon to gather a lot of nitrogen and 
make a good growth of material for plowing under, as green 
manure, in the autumn or following spring.
 “For stock feeding purposes, the soy bean and cow pea 
may be used in a variety of ways. Most varieties of cow peas 
and the ranker growing soy beans, such as the ‘Medium 
Green’ and ‘Medium Early Yellow,’ make excellent crops 
for feeding green, or making into hay. For these purposes, 
however, the cow pea is generally to be preferred on account 
of its fi ner stems and, usually, larger growth. When sown 
before the fi rst of June on good soil, from two to three tons 
of cured hay may be expected. When well cured, cow pea 
hay is of excellent quality and possesses a food value fully 
one half higher than red clover hay. As a grain crop it seems 
that, for northern and central Indiana, at least, the soy bean 
will generally be the more profi table, both because of the 
higher food value of the beans and, because of the greater 
tendency to produce seed. On fair corn ground, from twenty 
to thirty bushels of grain per acre should be produced. The 
beans are rich in protein and fat or oil and are excellent for 
mixing in the ration with corn, especially in hog feeding.
 “The following table shows the digestible nutrients 
in 100 pounds of soy bean and cow pea grain and hay 
in comparison with some other feeding stuffs.” Titled 
“Digestible nutrients in 100 pounds,” the table gives values 
for 7 feeding stuffs.
 “Culture.–The soy bean and cow pea may be 
successfully grown on almost any soil of reasonable fertility. 
Like the common fi eld pea both require good drainage and 
easily suffer excessive wet, but will do much better during 
periods of dry weather. For the best results a good corn soil 
should be chosen. If properly inoculated, both crops will 
do well where corn would suffer seriously from lack of 
nitrogen. For use in a regular rotation they should precede 
corn or winter wheat. In the latter case the ground does not 
need to be plowed for the wheat.
 “The preparation of the soil should be similar to that best 
suited to corn. It should be deeply plowed and the seed-bed 
made fi ne and mellow. A loose, deep-seed-bed is essential to 
success.
 “Both the soy bean and cow pea are warm weather 
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plants and should not be sown early in the season. As a 
general rule, the best time to sow is after corn planting is 
fi nished and the soil has become thoroughly warm. The seed 
should be deeply covered. It should be sown in drills and 
the crops cultivated like corn until the soy bean blooms and 
the cow pea begins to vine. For grain production drilling 
and cultivating are always best, but for hay production fair 
results may be secured from broadcast seeding on ground 
free of weeds. The rows should be 32 inches apart for the soy 
bean and 24 inches apart for the cow pea, and both seeded at 
the rate of 20 to 25 pounds of seed per acre for the medium 
sized varieties. Seeding may be done with a wheat drill set at 
two bushels per acre on the wheat scale, and with the holes 
not needed stopped up. Thick seeding is detrimental to seed 
production.
 “Some soils need to be inoculated with the proper 
bacteria for one or both crops before satisfactory results 
can be secured. This need can only be determined by trial 
and examination of the roots for the nodules. If needed, 
inoculation may be best accomplished by sowing, before the 
last harrowing when preparing the seed-bed, two or three 
hundred pounds per acre of soil taken from a fi eld where the 
crops have been grown and the bacteria are known to exist. 
Without the bacteria the crops must secure their nitrogen 
from the soil and under such conditions draw heavily upon 
its fertility.
 “For hay production the cow pea will generally give best 
results. It should be cut when the fi rst pods begin to ripen, 
and cured as in the case of clover. Either the Early Blackeye, 
Whippoorwill, New Era, Michigan Favorite, Iron, Clay, Red 
Ripper, or Unknown varieties may be used.
 “For grain production, either crop may be used in the 
south, but in the northern portion of the State the soy bean 
will usually be most profi table. The Ito San, Early Brown, 
and Medium Early Yellow (late) are among the best varieties.
 “Harvesting should be done when most of the leaves 
have fallen and most of the pods are ripe. An old fashioned, 
self-rake reaper or a mower with a side delivery attachment 
will be found satisfactory for harvesting. Threshing may be 
done with the ordinary threshing machine with the lower 
concave removed and replaced by a board and run at low 
speed. A corn shredder may be used for threshing.”
 Note: This is the earliest English-language document 
seen (Oct. 2006) that uses the term “Blackeye” in connection 
with the cow pea–in this case as the name of a specifi c 
variety of cow pea. Address: Agriculturist, Purdue Univ., 
Indiana.

211. Harrison, F.C.; Barlow, B. 1906. XII–The nodule 
organism of the Leguminosae–Its isolation, cultivation. 
identifi cation, and commercial application. Transactions 
of the Royal Society of Canada. Section 4: Geological and 
Biological Sciences. Series 2. 12(1906-1907):157-237.
• Summary: Harrison and Barlow read this paper at a 

meeting of the Royal Society of Canada on 23 May 1906. 
The soybean is mentioned several times: “Large nodules like 
those from the Soy bean may remain in the solution for half 
an hour” (p. 165).
 “Growth in ash-maltose-water media–In January, 1905, 
a series of liquid media were inoculated with pure cultures 
isolated from nodules of red clover, alfalfa, vetch, and soy 
bean” (p. 168).
 “Seed were thus obtained in the summer of 1905 and 
1906 from pea, vetch, bean and soy bean. The seeds were 
examined for bacteria by plating some of them in ordinary 
gelatin or agar media and in ash-maltose-agar and by 
dropping some into tubes of sterile bouillon. The seeds so 
treated imbibed moisture and in some instances germinated” 
(p. 173).
 A table lists the distribution of samples of nitrogen-
fi xing bacteria (“nitro-cultures”) sent to 10 provinces of 
Canada: Quebec was sent 10 culture samples (p. 184). An 
untitled table shows the total number of reports received 
according to crop–the soybean had 1 report only [in response 
to culture samples sent] (p. 184, but we are not told in which 
province those soy beans were grown).
 Note 1. Unfortunately, there is no indication in this 
paper from where the soy beans were obtained or where 
they were they were grown. Address: 1. Bacteriological 
Laboratories, The Macdonald College, Ste Anne de Bellevue, 
Quebec; 2. Bacteriological Department, Ontario Agricultural 
College, Guelph. Both: Canada.

212. Bulletin of the Imperial Institute (London). 1906. 
Recent progress in the practice of green manuring. 4(2):118-
125. See p. 123. [2 ref]
• Summary: The plant yielding the “soy bean” (Glycine 
soja) has of late received much attention at the hands of 
agriculturists in tropical countries on account of its value 
as a green manure. A table (p. 123) shows the “Fertilising 
ingredients in 100 lb. of [13] green leguminous crops.” 
The soy bean contains: Moisture 73.20 lb, nitrogen 0.29 lb, 
phosphoric acid 0.15 lb, and potassium oxide 0.53 lb. The 
plants highest in nitrogen are Flat pea (Lathyrus sylvestris) 
1.13 lb, alfalfa 0.72 lb, and horse bean (broad bean) 0.68 
lb. “Of these plants the cowpea and the soy bean seem 
especially useful, for if the seeds are allowed to ripen they 
form a very nutritious food for stock, and as only part of the 
fertilising constituents is absorbed by the animals the greater 
part may be returned to the soil in the manure.”
 Also contains a good history of the theory and practice 
of nitrogen fi xation from the time of the key discovery by 
Hellriegel and Wilfarth in 1886.

213. Cruz, Francisco B. 1906. Informe del Departamento 
de Agricultura [Report of the Department of Agriculture]. 
Estacion Central Agronomica de Cuba (Santiago de las 
Vegas), Informe Anual 1:47-81. See p. 54, 71-77. Illust. IV 
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plates at back. [Spa]
• Summary: This is the fi rst annual report of the agronomic 
experiment station at Santiago de las Vegas, located about 
10 miles south of Havana in Habana Province. The report 
covers work done during the period 1 April 1904 to 30 June 
1905.
 In the section titled “Special work conducted on 
each crop” (p. 54+) is a subsection on “Food Legumes 
(Leguminosas Alimenticias)” which starts by noting that few 
varieties of legumes suited for human consumption exist in 
Cuba, however many varieties exist in the USA. On pages 
73-74 is a table of 19 food legumes, imported from the USA, 
that were tested at Santiago de las Vegas, with the varietal 
name and seed yield of each. Among these are three soybean 
varieties listed as follows: Soja bean 600 kg/ha, Hollybrook 
soja bean 700 kg/ha, and Mammoth yellow soja bean 700 kg/
ha. The highest yielding of all these legumes was the Iron 
Cow Pea (2,500 kg/ha). Also discusses natural nodulation in 
all types of legumes.
 A table (p. 77) lists leguminous forage crops that will be 
tested, including alfalfa, three types of trebol (trefoil, clover), 
alsike, yellow and white lupins, astragalus (astragalo), cow-
pea, and velvet-bean; soybean is not mentioned.
 Note 1. The fi rst director of this station was F.S. Earle. 
He explains (p. 203) how he was called to Washington, 
DC, in late Feb. 1904 by U.S. Secretary of Agriculture 
James Wilson, and asked to start Cuba’s fi rst agricultural 
experiment station. The station occupies an area of 5½ 
cabellerías (about 180 acres; p. 17).
 Note 2. These soybeans were probably introduced to 
Cuba from the USA in 1904 (see Roig 1975), then fi rst 
cultivated in either late 1904 or early 1905, however this 
document gives no specifi c dates except to say that they 
were cultivated between 1 April 1904 and 30 June 1905. 
This is the earliest document seen (Dec. 2008) concerning 
soybeans in Cuba, or the cultivation of soybeans in Cuba. 
This document contains the earliest date seen for soybeans in 
Cuba, or the cultivation of soybeans in Cuba (1904 or 1905; 
one of three documents). The source of these soybeans was 
almost certainly the USA. Soybeans are not mentioned in the 
second annual report of this experiment station.
 Note 3. This is the earliest document seen (July 2013) 
that mentions the soybean variety Hollybrook.
 Note 4. In 1974 this experiment station was renamed 
INIFAT (Instituto de Investigaciones Fundamental 
en Agricultura Tropical; Institute for Fundamental 
Investigations of Tropical Agriculture). Address: Chief, 
Dep. of Agriculture, Estacion Central Agonómica de Cuba, 
Santiago de las Vegas, Cuba.

214. Emerson, R.A. 1906. Cover-crops for young orchards. 
Nebraska Agricultural Experiment Station, Bulletin No. 92. 
23 p. June. See p. 7, 10-11, 16, 20-22.
• Summary: The Introduction begins: “A study of cover-

crops was begun at the Experiment Station in the summer 
of 1899 and has been carried on continuously since then.” 
Cover crops in orchards are much used in parts of the United 
States. Generally the crop is sown in late summer, allowed 
to remain on the ground all the winter, and worked into the 
soil in spring. The object of the cover crop is mainly to dry 
the ground so that the trees fi nish up their summer growth 
early and ripen their wood, rendering them immune from 
frost attacks; the frosts should kill the crop so that the light 
autumn rains are conserved; at the same time it should be 
thick enough to prevent freezing of the ground as much as 
possible in winter. The digging in of the crop will improve 
the physical condition of the soil, and if a leguminous crop is 
used the soil is enriched in nitrogen. Cow-peas and soy beans 
give the best result if sown in the latter part of June; maize 
and German millet are also satisfactory cover crops.
 “Horticultural writers very commonly separate cover-
crops into two classes, leguminous and non-leguminous. The 
fi rst are the nitrogen gatherers, plants that thru the agency of 
the bacteria in their roots add to the store of nitrogen in the 
soil. Some of these are beans, peas, vetch, cowpea, soy bean, 
etc.” Non-leguminous cover-crops include rape, buckwheat, 
millet, cane, and oats.
 Severe October frosts killed soy beans. “In the summer 
of 1899 numerous kinds of cover-crops were under trial at 
the Experiment Station. Early in winter of that year it was 
noted that soy beans had very few leaves left and the plants 
stood perfectly erect, furnishing almost no protection to the 
soil and that cowpeas tho they still held their leaves stood too 
erect to afford much protection... Later in winter it was noted 
that the snow was held very well by corn, cane, millet, soy 
beans, and cowpeas... The almost bare stems of such plants 
as soy beans, which still stood erect, held the snow much 
better than a plant like fi eld peas...”
 What is the best cover crop for this region? “It should 
start growth promptly in order to insure an even growth and 
to choke out weeks. It should grow vigorously to insure a 
heavy winter cover and to dry the ground in case of late-
growing trees so as to hasten their maturity. It should be 
killed by the early frosts so that it will stop drying the 
ground after danger of late tree growth is passed and help to 
conserve our light fall rains so much needed by the trees in 
winter... Finally, in the case of poor soils or of old and feeble 
trees, the cover-crop should be a leguminous one in order 
that it may add to the store of nitrogen in the soil and thereby 
increase the vigor of growth of the trees.”
 “Cowpeas and soy beans also make a rather 
unsatisfactory winter cover when sown late and in addition 
usually let the weeds get a considerable start. If sown in the 
latter part of June, however, they do better. They are certainly 
the best of the leguminous plants tested at the Experiment 
Station.” Address: B.Sc., Horticulturist [Lincoln, Nebraska].

215. Butz, George C. 1906. A test of commercial cultures 
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for legumes. Pennsylvania State College. Agricultural 
Experiment Station, Bulletin No. 78. 13 p. July.
• Summary: “Introduction: The benefi cial effects of 
growing leguminous crops upon farm land by increasing 
the fertility of the soil have been known to scientists and 
farmers for many years, but a scientifi c explanation of 
the fact was not made until 1886, when Helriegel [sic, 
Hellriegel], at a meeting of scientists at Berlin, asserted 
that legumes unquestionably obtained nitrogen from the 
atmosphere and thereby increased the nitrogen supply in 
the soil. This discovery was supplemented two years later 
when, with Wilfarth, he demonstrated that nodules upon 
the roots of legumes were essential agents in helping the 
plants to obtain nitrogen from the air. These nodules had 
been observed by botanists and other writers upon plant 
life and various opinions were expressed as to their cause, 
nature and function, but the fi rst to discover bacterial life in 
these swellings was Woronin who, in 1866, advanced the 
theory that the minute organisms he found were the cause 
of the nodules. Subsequently the investigations of Lawes 
and Gilbert in England, Atwater and Woods in America, 
and many others, have verifi ed the observation made by 
Helriegel, Wilfarth and Woronin. Atwater and Woods were 
the fi rst to demonstrate by sand culture of vetch that these 
plants will thrive in a nitrogen-free medium if inoculated 
with the nodule-forming bacteria, but will die early if not 
inoculated, thus proving the direct effect of these bacteria in 
the soil.
 “These bacteria are single-celled organisms somewhat 
closely allied to the ‘yeast plant.’ They gain entrance to the 
roots of legumes through root-hairs and under favorable 
conditions multiply very rapidly, causing the formation 
of the characteristic nodules. It is here that the bacteria 
exercise their power of taking the nitrogen of the soil air and 
combining it with other elements from their own tissues. As 
these bacteria die with almost the same rapidity that they 
originate the host plant dissolves and absorbs the combined 
nitrogen of the organisms and thus profi ts by the presence of 
bacteria in its roots.”
 “To introduce the proper bacteria into soils where 
the nodules do not form, a practice has sprung up both in 
Europe and in this country, of transferring soil from a fi eld 
producing nodules abundantly and scattering it over the land 
to be inoculated at the rate of a bushel to an acre. But this 
practice is not always attended with success. The objections 
raised against this method of inoculation have been that it is 
laborious and expensive to handle such a large quantity of 
material and that obnoxious weed seeds and plant diseases 
are introduced into new fi elds.
 “To overcome these objections Professor G. Nobbe, of 
Tharandt, Germany, prepared pure cultures of the bacteria 
and transferred them to tubes or bottles of a nutrient jelly. 
These cultures were called ‘nitragin,’ and were distributed 
in Europe and America. The results obtained by the use 

of nitragin were not always favorable; in this country in 
particular, they were more commonly unfavorable. This 
preparation is no longer manufactured.
 “In 1904 Dr. George T. Moore, in charge of the 
Laboratory of Plant Physiology of the U.S. Dept. of 
Agriculture, devised a method of distributing the specifi c 
bacteria in a dry state upon absorbent cotton. The method 
was tested by distributing material free of charge to many 
farmers throughout the United States, and many favorable 
reports obtained in this way were published. In the Century 
Magazine of October, 1904, a popular article prepared by 
G.H. Grosvenor, exploiting the ‘new discovery’ of Dr. Geo. 
T. Moore, aroused a widespread interest in the ‘vestpocket 
fertilizer.’
 “About this time the National Nitro-culture Company, 
of West Chester, Pennsylvania, began advertising and selling 
cultures of bacteria prepared according to Dr. Moore’s 
method, charging $2.00 for a quantity suffi cient to inoculate 
seed for one acre of land.
 “The New York Agricultural Experiment Station, at 
Geneva, in the spring of 1905, made a bacteriological study 
of these commercial cultures and found that they were 
‘worthless for practical purposes’ and condemned, not the 
principle of inoculation, but the method of distributing the 
bacteria upon dry cotton.
 “The test of cultures from the same fi rm now reported 
in this bulletin, further condemns the use of this method for 
distributing bacteria.” A table (p. 8) shows that when soy 
beans were inoculated with “nitro-culture,” no nodules were 
produced in either sand or soil.

216. Greig-Smith, R. 1906. The formation of slime or gum 
by Rhizobium leguminosarum. Proceedings of the Linnean 
Society of New South Wales 31(122):264-94. Oct. [8 ref]
• Summary: The paper begins: “The production of slime 
by Rhizobium leguminosarum under certain conditions 
of cultivation has been noted by many investigators as a 
character of the composite microbe. In a paper which was 
published in these Proceedings (1899, 653) a few references 
are made to these. “Thus Frank saw zoogloea forms and 
mucilaginous colonies, Kirchner described the colonies of 
the Soja-Bean race as being like drops of paraffi n,...”
 “In a paper that is published simultaneously with this I 
show that Rhizobium leguminosarum, otherwise known as 
Bacillus radicicola, is a coccoid bacterium contained within 
a rod-shaped or branching capsule. The so-called bacteriodal 
or irregular forms are produced by vagaries in the growth 
of the capsule. There is no reason to connect the fi xation of 
nitrogen with the formation of these branching forms” (p. 
265).
 The author also isolated Rhizobium leguminosarum from 
the Blue Lupin (p. 293).
 Note: This is the earliest English-language document 
seen (Aug. 2018) that uses the word “Rhizobium” in 
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connection with the bacteria on the roots of soybeans. 
Address: D.Sc., Macleay Bacteriologist of the Society.

217. Henderson (Peter) & Co. 1906. Everything for the 
garden (Mail-order catalog). New York, NY. 186 p. 28 cm.
• Summary: In the section titled “Farm seeds (p. 64), in the 
center of the page, is an illustration of a soja bean plant with 
a cluster of pods in the upper left corner. On a banner is 
written “Henderson’s Early Soja Bean.”
 To its left is expanded coverage of the soja bean and a 
new variety for this catalog: “Early Green Soja Bean. This 
variety produces enormous crops as far north as Canada, and 
will ripen its seeds even in Massachusetts. It grows about 
4 ft. high and yields ten to twenty tons of green fodder per 
acre, or 20 to 40 bushels of Beans.
 “It is a valuable leguminous plant for the farmer and 
dairyman for either green or cured fodder or grain. It is 
especially valuable for ensilage in combination with fodder 
corn or Japanese Millet, thus furnishing a complete balanced 
ration with an agreeable aromatic fl avor, and is greedily 
relished by cattle. It increases the milk and butter and fattens 
the stock. The grain is also exceedingly nutritious, ranking, 
when ground, even higher than cotton seed or linseed meal 
for feeding cattle, hogs, or other stock. 3 lbs. of Soja Bean 
meal added to the grain ration of milch cows produces a rich 
milk.
 “Soja Beans are great soil enrichers, adding humus and 
fi xing nitrogen from the air. The seed may be planted as soon 
as the soil is warm–a little later than corn–in rows 30 inches 
apart, 6 to 8 seeds to the foot, requiring 3 pecks per acre. 
(See cut).
 “Price, 10¢ lb., $1.25 pk. [peck], $4.00 bushel (of 60 
lbs.); 10-bush. @ $3.90 per bush.”
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland.
 Note: This is the earliest English-language document 
seen (March 2003) that uses the term “fi xing nitrogen” (or 
“fi x nitrogen”) or “fi xing nitrogen from the air” in connection 
with soybeans. Address: 35 & 37 Cortlandt St., New York.

218. Farmers’ Bulletin (USDA). 1906. Experiment station 
work, XXXIII. No. 244. 32 p. See p. 8-10.
• Summary: The section titled “Root nodules as affecting 
the composition of soy beans and cow peas” (p. 8-10) 
is a summary of: Smith, C.D.; Robison, F.W. 1905. 
“Observations on the infl uence of nodules on the roots upon 
the composition of soy beans and cowpeas.” Michigan Agric. 
Exp. Station, Bulletin No. 224. p. 125-32. May. Address: 
Washington, DC.

219. Ashby, S.F. 1907. The nitrogen cycle and soil 
organisms. West Indian Bulletin 8(1):94-102. [1 ref]
• Summary: “During the last twenty years much has been 
done towards clearing up the changes which the element 

nitrogen suffers in its relation to the soil and vegetation. It 
was until quite recently believed that the inert gas which 
constitutes four-fi fths of the air was practically a changeless 
reservoir of indifferent matter which was brought into 
combination with oxygen in occasional trifl ing amounts 
during electric discharges. This combination was supposed to 
make good, slight losses whereby the element might, under 
unknown conditions, become free again, so that the fund of 
combined nitrogen in the world remained constant, working 
round in a cycle through the organic and inorganic kingdoms 
practically independent of the great free reservoir in the air.
 “Thanks, however, to the work of agricultural chemists, 
and plant physiologists, as well as that of microbiologists, it 
is now known that the free nitrogen of the air is constantly 
being brought into combination on a large scale through the 
agency of certain organisms, and that it is also being set free 
again on a large scale by the agency of other organisms.”
 Page 95: “In all tropical countries, where the people 
are mainly vegetarian, the seeds of legumes, always rich in 
meat equivalents, are one of the most valued food staples; 
for instance, the gram peas and soy beans of the East. 
It is certain that the bulk of the nitrogen in these seeds 
comes from the air. In the tropics. where the rainfall is 
not suffi cient for high forest and formation of humus, nor 
so scanty as to induce desert conditions, vegetable matter 
decays very rapidly, especially in the lighter soils which 
are easily exhausted of their combined nitrogen. Under 
these conditions, the fi xation of nitrogen by legumes, in 
conjunction with the nodule bacteria, is a property which 
greatly favours the development of these plants.”
 Note: This is the earliest document seen (Aug. 2018) 
showing interest in the fi xation of nitrogen by soybeans 
in Latin America. Address: B.Sc., Fermentation Chemist, 
Government Lab., Jamaica.

220. Moore, R.A. 1907. Division of Farm Crops: Plan 
of work for the coming year. Wisconsin Agricultural 
Experiment Station, Annual Report 5:145-70. Feb. See p. 
165-67.
• Summary: Experiment No. 8 (p. 165-67) is titled “Soy 
beans.” Some background on the crop is given, along with 
planting instructions. Then a “Report Blank,” containing 
22 questions, is provided so that each farmer who plans to 
participate in the experiment may provide detailed feedback 
on his results to the station. Questions include: Name of 
experimenter. County and state. Date of planting soy beans. 
Character of soil. What crop had been grown the previous 
year? Yield per acre of marketable beans? Did you use any 
bacteria-laden soil for inoculation purposes? Were nodules 
noticeable on the roots of the soy beans at any time during 
the growing period where such soil was used? Were they 
noticeable where the soil was not used? Give in general way 
your opinion of soy beans as a seed and forage plant for 
Wisconsin.
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 The section on soy beans begins: “The soy bean was 
probably introduced into the United States from Japan about 
fi fty years ago and has been cultivated with success in the 
southern states. In Japan it is used extensively as a human 
food, but in this country it is grown for the seed, as a forage 
plant, and as a soil renovator. As a forage its use as a soiling 
crop is becoming recognized, by stockmen and dairymen, 
as it withstands the drought exceptionally well and will give 
a good cutting of green forage at the time when other feeds 
are shriveled and wilted. Soy beans of the late variety gave 
a cutting of 9.9 tons green forage per acre at the Wisconsin 
Experiment farm in 1900 and yielded thirty-eight bushels 
of seed beans per acre in 1902, and forty bushels per acre in 
1903.” Address: Secretary, Madison, Wisconsin.

221. Stutzer, A. 1907. Beobachtungen ueber die Wirkung 
von Nitrit und von Impferde auf Sojabohnen [Observations 
on the effect of nitrite and inoculating soil on soybeans]. 
Journal fuer Landwirtschaft 55(1-2):78-80. March 11. [1 ref. 
Ger]
• Summary: The soybean is a plant that could not be 
naturalized in Germany as a crop plant, mainly for the reason 
that their vegetation period is quite long, and the seeds do 
not always ripen. Scientifi cally, the soybean plant has an 
interest in several ways, for example, in the fact that they do 
not form nodules in our arable and garden soil, because the 
bacteria in question are not present in the German cultivated 
soil.
 I have made some experiments with the soybean related 
to its nitrogen nutrition. I wish to know, how does nitrite in 
comparison to nitrate affect a soybean not forming nodules 
under normal conditions and how does inoculating soil, from 
China and from Japan, affect the soybean plant under the 
climatic conditions of East Prussia? The experiments were 
carried out in 1905 and 1905 partly in containers, partly in 
the garden land of our experimental garden.

222. Piper, C.V. 1907. Leguminous crops for green 
manuring. Farmers’ Bulletin (USDA) No. 278. 27 p. April 3. 
See p. 19-21.
• Summary: Largely a favorable comparison with cow peas. 
“Soy beans are adapted to a much wider range of climate 
than cowpeas, being grown successfully even in Ontario 
[Canada] and Massachusetts. As a forage crop soy beans 
have some points of superiority over cowpeas, the hay being 
somewhat easier to cure and richer in protein. The seed is 
also cheaper than that of cowpeas, usually costing only two-
thirds as much. This is principally due to the fact that the 
seed can readily be harvested by machinery. It also has an 
advantage in that the seeds are but little affected by weevils. 
On these accounts soy beans are preferred by an increasing 
number of farmers in the South. Soy beans, however, are not 
able to compete with weeds as successfully as cowpeas, and 
on this account the best results are obtained by planting in 

rows, so that they may be cultivated. There is considerable 
diffi culty experienced at fi rst in obtaining tubercles on the 
roots of soy beans, but when once these have appeared 
in a particular piece of ground there is no further trouble. 
Apparently, soy beans have a greater power than cowpeas to 
absorb atmospheric nitrogen through their roots (fi g. 7).
 “In an investigation conducted at the Michigan 
Agricultural Experiment Station it was found that inoculated 
soy beans were enabled to add per acre 37.57 pounds 
of nitrogen provided from the air. (See p. 11.) At the 
Arkansas Agricultural Experiment Station soy beans used 
as green manure gave nearly as good results as cowpeas, as 
determined by subsequent crops of wheat, oats, cotton, and 
corn. With cotton, the soy bean vines produced a larger yield 
of cotton than cowpea vines, but the cowpea stubble gave 
a larger yield than the soy bean stubble. With corn, cowpea 
stubble and soy bean stubble yielded the same results, while 
soy bean vines gave better results than the cowpea vines. 
With oats, the results were slightly in favor of the cowpeas. It 
is not improbable that the variation in results may be largely 
due to variation in the amounts of atmospheric nitrogen 
added by the legumes to the different plats. Those that were 
most heavily tubercled would add the most nitrogen.
 Illustrations show (p. 19-20): (1) A soy bean plant with 
an inset of enlarged pods (non-original; from Carrière 1880). 
(2) Roots of soy bean plant with nodules (not original).
 Contents of the whole: Inoculation. Sources of soil 
nitrogen. Loss of soil nitrogen. Composition of green-manure 
crops. Green manuring compared with feeding. Orchard 
cover crops. Crops to follow green manures. The choice of a 
green-manure crop. The principal green-manure crops: Red 
clover, Cowpeas, Soybeans, Velvet beans, Crimson clover, 
Sweet clover, Canada peas, Vetches, Tangier peas. Address: 
Agrostologist, in Charge of Forage-Crop Investigations, Seed 
and Plant Introduction and Distribution, Bureau of Plant 
Industry, Washington, DC.

223. Kellerman, Karl F.; Robinson, T.R. 1907. Conditions 
affecting legume inoculation. USDA Bureau of Plant 
Industry, Bulletin No. 100. Part VIII. p. 73-83. April 25. [17 
ref]
• Summary: “Introduction: The widespread use of bacteria 
for inoculating leguminous crops has made possible more 
accurate study of the conditions under which a particular 
species of legume might be successfully inoculated and the 
conditions under which failure to obtain inoculation might 
be expected. Inoculation tests carried on in different soils 
and under different cultural and climatic conditions but using 
the same stock culture have shown results so confl icting in 
certain cases that one is bound to be misled by any general 
statement based on one factor alone, such, for instance, as 
the condition of the bacteria used.
 “To accept as indicative of the general usefulness of 
pure cultures results obtained on a single type of soil is 
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clearly opposed to progress along a line of investigation now 
recognized as closely connected with soil fertility problems. 
The advantage of numerous tests covering many types of 
soil becomes increasingly apparent. The effect of prevailing 
cultural practices is no less to be considered; aeration by 
cultivation, the use of lime, and the effect of such factors 
on the bacterial fl ora, the bacteriological testing of the soil 
itself–all these problems call for extensive fi eld experiments 
to determine how far they may become part of practical 
routine for successful farming.
 “The work here recorded emphasizes the intimate 
connection of soil bacteriology with certain phases of soil 
fertility. Soil fertility is a strictly relative term; it is possible 
for a soil to be fertile in regard to one crop and unfertile in 
regard to another, the conditions of temperature and moisture 
being optimum in each case.”
 “Summary: 1. Lime is of decided benefi t in obtaining 
successful inoculations of legumes in some soils. These soils 
often show an acid reaction to litmus.
 “2. Soil extracts serving as culture media often indicate 
the probable success of inoculating a leguminous crop. This, 
however, may not always hold true.
 “3. At least during the fi rst season’s growth no general 
cross-inoculation takes place. Bacteria from one host may, 
however, inoculate a physiologically related species.
 “4. Heavy inoculation by a pure culture increases nodule 
formation if the soil solution is enriched by the excess 
of culture medium; however, in a favorable soil a light 
inoculation well distributed is as effective.
 “5. Thorough aeration is favorable to nodule formation.
 “6. Whether in a synthetic medium or a natural soil 
solution, the functions of a bacterium are infl uenced by the 
associative or competitive action of the various groups of 
organisms with which it comes in contact, as well as by the 
nature of the culture material.”
 Note: Soy is not mentioned. Address: 1. Physiologist 
in Charge; 2. Asst. Physiologist. Both: Soil Bacteriology, 
USDA Bureau of Plant Industry.

224. Delwiche, E.J. 1907. Report on the northern sub-
stations for 1906. Wisconsin Agricultural Experiment 
Station, Bulletin No. 147. 48 p. April. See p. 8-10, 39.
• Summary: Wisconsin has four Northern Sub-Stations 
located near Ashland, Iron River, Bayfi eld, and Superior. The 
Iron River Sub-Station, situated on red sandy soil, is in the 
far upper northwest corner of Wisconsin at about 46.5º north 
latitude. This is farther north than most soybeans are grown.
 In section 1 titled “The experiments on sandy soils,–
Iron River” (p. 4+) the subsection on “Soy beans” (p. 8-10) 
begins: “Soy beans were tried with two objects in view,–fi rst, 
to get a fodder crop rich in protein, and which furnishes a 
good quantity of hay or grain the fi rst season sown. Second, 
to increase the supply of nitrogen in the soil.”
 Soy bean hay was fed to horses in combination with 

corn stover with good results. “It is not certain whether it 
will be possible to ripen soy beans at this latitude... It is 
likely that the soy bean may be used as a substitute for clover 
in case the latter should fail to catch.
 The section titled “Notes on green manuring crops” 
contains a subsection on “Soy beans” (p. 39). “The crop 
came up well but suffered from drought in the month of 
July. It was also thought that the plants were suffering from 
a lack of nitrogen, for they turned yellow in many places. 
No nodules were found on the roots of the beans, although 
careful examination was made for them. It is evident the 
soil needed inoculation.” Address: Superintendent, Northern 
Wisconsin Agricultural Sub-Stations.

225. Soule, Andrew M.; Vanatter, Phares O. 1907. 
Experiments with oats, millet and various legumes. Virginia 
Agricultural Experiment Station, Bulletin No. 168. p. 259-90. 
June. See p. 277-83, 289-90.
• Summary: The soy bean is second most important legume 
grown in the south, after the cowpea. “The feeding value 
of the soy bean has not been as generally appreciated as it 
should be... A fair average yield of soy beans is 20 to 30 
bushels [per acre]. This is as large a yield as is ordinarily 
obtained with corn on land which should be equally well 
adapted for the cultivation of the soy bean. The soy bean 
is much richer, bushel for bushel, in feeding nutrients than 
corn, and a yield of 35 bushels per acre really produces a 
much larger amount of digestible protein than would be 
obtained with corn.” In experiments made by the authors, 
Mammoth Yellow soy beans produced 592 pounds of 
digestible protein per acre, which is “nearly three times as 
much digestible protein as corn, more than twice as much 
as sorghum, and considerably more than the cow peas. The 
digestible protein produced per acre by the soy beans is very 
large and indicates why this crop should be given serious 
attention, as its extensive cultivation would enable the 
nutrition of various classes of live stock to better advantage 
in every way. The soy bean has not become popular enough 
yet to permit of its being used extensively for the nutrition 
of beef and dairy cattle, but enough work has been done 
to indicate that three pounds of soy bean meal [probably 
uncooked, ground soybeans] could be substituted for an 
equal amount of linseed meal with satisfactory results in 
feeding dairy cows. This should encourage the extensive 
cultivation of this crop, which will undoubtedly become 
more and more popular when its useful qualities are 
realized.”
 Yield tests of leading soy bean varieties were conducted 
on the station’s plats. “Most of these varieties were planted 
on the 8th of May and were harvested between August 
and September 30. The yields of both grain and hay were 
obtained in 1905 and 1906. The largest 2-year average yield 
of hay was made by Hollybrook (2.95 tons/acre). The best 
seed yield obtained in both years was with Itho San [Ito 
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San] Yellow, which made 14.37 bushels in 1905, 22.50 
bushels in 1906, or an average of 18.43 bushels [per acre] 
for both years. Yet when Itho San was inoculated it yielded a 
remarkable 31.04 bu/acre.
 “These facts indicate that the soy bean can be made 
into a very satisfactory quality of hay and that large yields 
of a rich and nutritious foodstuff will be obtained that will 
be eaten to advantage by live stock. The main stems of this 
plant are coarse and many of them will not be readily eaten, 
but if the crop is sown thickly so as to crowd the plants, 
smaller and fi ner stems will result. The best hay varieties 
are those that do not grow so vigorously as Hollybrook and 
Mammoth Yellow.”
 Conclusions: “Soy beans may be used either for hay 
or grain production, though the stems are coarser than the 
cowpea, and the hay is thus not so thoroughly consumed by 
live stock. They will outyield the cowpea when grown for 
grain very considerably, and two years’ work show that good 
yields of hay can be obtained... The grain of the soy bean is 
much more resistant to unfavorable weather conditions than 
the cowpea, and it is also much richer in feeding nutrients, 
and its extensive cultivation in the south can not be urged too 
strongly.”
 Photos (p. 278-80, 283) show: (1) Early Black soy bean. 
(2) Early Green soy bean. (3) Itho San [Ito San] Yellow soy 
bean. (4) A fi eld of cowpeas and soy beans growing side by 
side. Tables (p. 281) show: (1) A comparison of soy bean 
varieties in number of grains per ounce, date of ripening, 
days maturing, and yield per acre of hay, and of grain. The 
soy bean varieties are: Itho San Yellow [Ito San], Early 
Green, Japanese Pea, Medium Green, Extra Early Black, 
Medium Black, Green Samarow, Ogima [Ogema], Common, 
Extra Early Yellow, Holly Brook [Hollybrook], Mammoth 
Yellow, Brecks, Coffee Berry, Hales. The highest yield of 
grain in one season was 23.33 bu/acre for Early Green in 
1906. The highest yield of hay in one season was 3.75 tons/
acre for Holly Brook in 1905. (2) A comparison of yield in 
a variety of soy beans with and without inoculation. Yields 
were generally better with inoculation.

226. Woll, F.W.; Olson, Geo. A. 1907. Miscellaneous 
chemical analyses. Wisconsin Agricultural Experiment 
Station, Annual Report 24:160-70. For the year ended June 
30, 1907. See p. 164-66.
• Summary: Section c, titled “The effect of soil inoculation 
on the distribution of the fertilizer ingredients in soy beans” 
(p. 164-66) states: “The soy bean used in this investigation is 
known as the Wisconsin Black. The beans of this particular 
variety are small, black, and high in oil and protein. During 
the season of 1905, when the work here reported was done, 
the soy beans were sown on low, rich land, a part of which 
was inoculated. The roots of the plants which grew on the 
inoculated land were profusely covered with nodules of 
varying sizes, while the roots removed from the untreated 

soil were practically without any nodules.”
 The nodules, roots, stems and leaves, capsules, whole 
plant minus root, and beans were analyzed for protein, 
nitrogen, ash, phosphoric acid, and potash. A table (p. 165) 
shows the results, which suggest that “inoculation of the 
soil is benefi cial to the soybean plant in several ways. 1. By 
increasing the nitrogen content of the plant. By decreasing 
the per cent of ash constituents. Because the roots contain a 
higher per cent of fertilizer ingredients than those obtained 
on untreated soil. 4. Because the beans contain more protein 
and less oil than those grown on untreated soil.” Address: 
1. Chemist; 2. Asst. in Agricultural Chemistry [Madison, 
Wisconsin].

227. Sun (Baltimore, Maryland). 1907. Soy beans. July 1. p. 
12.
• Summary: From R.S. Adams, in American Cultivator: 
“The value of the soy bean, soja bean, of coffee beery, as it is 
variously known, is not appreciated to the extent that it ought 
to be by farmers. Its many uses should give it a prominent 
place on every farm. Being a leguminous plant, it has the 
power of taking nitrogen from the air, so if a crop is grown 
and twined [turned] under it not only replaces humus in the 
soil, but enriches it with nitrogen, potash, and phosphoric 
acid, the three most important elements of plant food. It has 
been estimated that a 10-ton crop, an average yield, will 
furnish 180 pounds of nitrogen, 113 pounds of potash and 44 
pounds of phosphoric acid.
 “Being rich in proteids and muscle-forming elements, it 
is a valuable stock food, a fi rst-rate silo ration for cows being 
two parts corn to on part bean silage. It is also fed green, 
or as hay. In the green stage it helps out the pasture in the 
autumn.”
 Most of the article is about cultivating soy beans.

228. Nielsen, H.T. 1907. Re: Cowpeas and soybeans. Letter 
to Mr. C.V. Piper, Seed Introduction and Distribution, Bureau 
of Plant Industry, USDA, Washington, DC, Sept. 28. 6 + 1 p. 
Handwritten, with signature on hotel letterhead.
• Summary: Nielsen is writing from The Southern hotel 
in Jackson, Tennessee; Mrs. J.H. Day, proprietress. “Dear 
Mr. Piper: At the Kentucky Station I found them very much 
interested in growing both cowpeas and soybeans. They did 
not however have record of any seed producing localities, 
and are not as interested in this line of work as they might 
be. They are hand picking all their own stock in their variety 
trial work but gather by machinery otherwise. The mower 
and binder both used on soybeans, and the mower only 
on cowpeas. Prof. Garman thinks the soybean superior to 
cowpeas for general purposes.
 “I had a splendid day with Director Morgan of the 
Tennessee Station. He is extremely interested in the cowpea 
threshing business and gave me plenty of encouragement.”
 “Soybeans says Prof. Morgan are fully as good, if not 
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better than cowpeas. Mammoth he considers the best variety, 
though Guelph and Amherst are also good. He says to plant 
them in rows and give them plenty of cultivation. With the 
foregoing method he says ground can be fi tted very nearly 
perfectly for wheat or meadow. Yield of [cow] peas is from 
10 to 15 bu. per acre, 20 to 25 bushels he says. He have me 
an interesting statement, which I wish you would get some 
light on if you can!! A Va. [Virginia] farmer [?] had told Prof. 
Morgan that he could raise 30 bus. soybeans per acre but 
couldn’t get a wheat crop following although the soybeans 
were heavily tubercled. Prof. Morgan directed the Tennessee 
Station bacteriologist to investigate and he has found only 
the rod bacteria in the tubercles at the Tenn. Sta. Prof. 
Morgan tells me that only the Y bacteria gather N. [nitrogen] 
from the air, and that the bacteriologist says the soybeans 
on the Station grounds gets N. only from the soil though 
abundantly tubercled!! How about this?”
 He then writes about the Koger Pea Thresher which he 
saw and liked very much. He talked with Dr. J.J. Koger, the 
inventor saying he thought it would be a good investment 
to have one placed at Arlington Farm. He encloses a leafl et 
titled “Facts concerning the Koger Pea Thresher, by J.J. 
Koger, of Rogersville, Tennessee. He asks Piper to keep it.
 “Yours truly, H.T. Nielsen.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
95–Newhouse-Nixon.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., June 2012. Address: [Forage Crop Investigations, 
Bureau of Plant Industry, USDA].

229. Nielsen, H.T. 1907. Offi ce report on soybeans: For 
July, August, September, and October, 1907 (Continued–
Part II). Washington, DC: Seed and Plant Introduction and 
Distribution, Bureau of Plant Industry, USDA, Washington, 
DC. 15 p. Dec. 30. Unpublished typescript. 28 cm.
• Summary: Continued. “Prof. Morgan called my attention 
to a statement made by the Station Bacteriologist that 
the soybeans did not take nitrogen from the air, as the 
Station Bacteriologist has found only rod bacteria in the 
root tubercles, and that it is the ‘Y’ shaped that gather the 
nitrogen. Upon inquiring of Dr. Kellerman this idea has been 
refuted, he stating that the rod bacteria as well as the ‘Y’ 
shaped bacteria gather nitrogen from the air.
 “At the Kansas Station where soybeans had quite a 
boom a few years ago their exploitation has been entirely 
abandoned. Prof. Ten Eyck says they do not yield enough 
to make them a profi table crop. In addition to this drawback 
it is necessary to artifi cial means to secure inoculation, and 
this the farmers are very reticent [reluctant] about doing, 
especially when other crops of similar nature can be grown 
successfully without this trouble. Cowpeas have run out the 

soybean business in Kansas to all appearances. Prof. Ten 
Eyck stated that it would require a variety that would yield at 
least 25 bushels to the acre to induce farmers to bother with 
this crop on account of the necessity for artifi cial inoculation. 
He also stated that the western half of the state could not 
grow soybeans unless some new method of disposing of 
rabbits could be found, since their fondness for the crop 
would annihilate large fi elds in that part of Kansas.
 “At the Georgia Experiment Station, Director Calvin is 
making efforts to have soybeans more largely grown on that 
state. They are not doing any variety work, but have a couple 
of acres planted to Mammoth soybeans and are comparing 
them with cowpeas as an object lesson to the farmers that 
soybeans are valuable for Georgia conditions. Mr. Calvin 
thinks soybeans could be profi tably grown on a large scale 
in Georgia, but doubts that they ever will be on account of 
the popularity of cowpeas. He had no reliable data, but was 
positive that the yield of soybeans un either rain or hay is 
large than for cowpeas.
 “Mr. J.J. Stranahan of Bullochville, Georgia, is a very 
enthusiastic soybean grower. He has the Tokyo (?) [Tokio] 
variety, and claims to have no diffi culty in securing two 
crops each season. He has been growing them in his peach 
orchard between the rows of trees and has had splendid 
results. All his planting is in rows and he claims to have a 
little above three tons of hay per acre, and thinks his seed 
yield has exceeded 25 bushels. He had our Mammoth, Flat 
King, Ebony. Guelph, and Meyer varieties under trial this 
season, but they did very poorly. Mr. Stranahan attributed 
this to late planting on a piece of land which had produced 
very heavy crops of oats in the spring. It was diffi cult to 
determine, therefore, whether any of these varieties were of 
any material value in that section. Even Mammoth, which 
generally gives such good results in the South, did very 
poorly in Mr. Stranahan’s trial, so I am inclined to think the 
test does not give a fair indication of what these varieties 
might do under more favorable conditions.
 “The Alabama Station is encouraging the growing of 
Mammoth soybeans as much as possible. Director Duggar 
says they should be grown to a larger extent than cowpeas, 
but as yet are grown but in very small areas. He thinks that a 
campaign of education, getting farmers acquainted with the 
crop will eventually mean large acreages grown to soybeans 
each year, and he feels that the soybean industry in the South 
is only just in is infancy. This seemed to be the opinion of 
nearly all the Stations in the Southern States and I believe the 
next ten years will see a very large increase in the production 
of soybeans.
 “Variety trials: Trials of the different varieties at 
Stillwater, Oklahoma, was almost entirely a failure. The 
Oklahoma Station was furnished the entire list of our 
varieties with the idea of learning whether any of these were 
of especial value for Oklahoma conditions. Unfortunately a 
poor stand was secured, and the ravages of the rabbits made 
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it even poorer, resulting in the trial being of very small value. 
A very severe drought prevailed in August and September 
which also tended to hinder the varieties from making 
any growth. Quite a number of the varieties were entirely 
destroyed by rabbits, and rather singularly a number of the 
rather fi ne-stemmed ones suffered most in this respect. In the 
work which the Station has done with soybeans in the part 
they have experienced a strange diffi culty in not being able 
to get a satisfactory stand even when the seed was considered 
of very fi ne quality. The reason for this is not known. The 
varieties which are under trial this year were not inoculated, 
although material was furnished them from Washington. 
Mr. Mr. Burleson, of the Station staff, told me that they had 
never been able to secure inoculation, having tried not only 
artifi cial inoculating material but also soil secured from the 
Kansas Station. From appearance the growing of soybeans in 
Oklahoma is of very little promise, and the Station is rather 
discouraged with the outlook. They are going to grow the 
entire list next year to see if perchance they will do better in 
another season.
 “I do not believe that the western half of Oklahoma 
will become a soybean growing district on account of the 
ravages of rabbits, unless this pest can be exterminated. The 
eastern half may grow the crop extensively, but it will slow 
work to get them well established, as many of the farmers 
are southern people thoroughly familiar with cowpeas, 
and generally speaking know nothing about soybeans. The 
outlook is not at all good for soybean in Oklahoma in my 
estimation.
 At Crowley, Louisiana, Messers. J.F. Shoemaker, J.B. 
Dodson, and J.F. Naftel were growing two varieties of 
Riceland soys sent from this offi ce. Mr. Dodson’s trial had 
been ruined by a leaky dike which lad let water into the 
soybeans and drowned them out. The other men had a fi ne 
stand and the plants had made splendid growth. Both stated 
that the season had been very bad, yet the plants had been 
about 30 inches high on August 20th when I was there and 
were beginning to bloom. They were well tubercled and 
seemed to be doing all right. Both men were of the opinion 
that the Riceland soybeans would prove a valuable crop for 
the rice fi elds of Louisiana.
 Of the large number of varieties under trial park at 
Audubon Park, New Orleans, only three did at all well and 
these were showing up exceedingly fi ne when I saw them 
August 22nd. They were Black, Shanghai #14952, and the 
two Ricelands, Nos. 20797 and 20798. No 14952 had made 
a growth of 40 to 42 inches, was well branched, stood up 
well, and was setting a lot of seed on August 22nd. It had 
very large leaves and was heavily tubercled. Indications were 
that it would hold its leaves very well. The objection to it is 
its coarseness; otherwise its appearance is very promising. 
Mr. Blouin agreed with me that it will probably be a very 
valuable variety for Louisiana conditions The two varieties 
of Riceland soys seemed identical so far as their growth was 

concerned. They seem to run to vine [viny growth habit], 
somewhat like cowpeas, although, of course, the growth 
is quite different from cowpeas. Some of the vines were 
6 feet long when I saw them. The stems and branches are 
slender and the leaves not large. It seems it would make a 
splendid hay crop. Each row was about 3 feet wide and 24 
inches high. They were heavily tubercled and exceptionally 
vigorous. They were blooming profusely and it seemed that 
they should produce a considerable quantity of seed. Prof. 
Blouin expressed the opinion that they were exceedingly 
promising for Louisiana, and especially the ricelands of 
that state. While they make very satisfactory growth so far 
as the amount is concerned, I would consider them of more 
promise if they did not have the strong tendency to vine and 
hence fall down. This objection to them may be overcome, 
however, if they are planted closer together so that they will 
have a tendency to hold each other up. They will become 
a very valuable acquisition to the agricultural plants of 
Louisiana if they will produce a suffi cient quantity of seed. 
Continued. Address: Scientifi c Assistant [Bureau of Plant 
Industry, USDA].

230. Nielsen, H.T. 1907. Offi ce report on soybeans: For 
July, August, September, and October, 1907 (Continued–
Part II). Washington, DC: Seed and Plant Introduction and 
Distribution, Bureau of Plant Industry, USDA, Washington, 
DC. 15 p. Dec. 30. Unpublished typescript. 28 cm.
• Summary: Continued. “Of the remaining varieties, Nos. 
19984 and 17862 made fair growth and set a reasonable 
amount of seed, but are too small growing to be considered 
valuable. All the others made but a very small growth, 
though they set seed well considering their size. Practically 
all but the three good ones were ripe on August 22nd. The 
entire trial was well inoculated, and Prof. Blouin said the 
season had been favorable for their growth, so it seems 
reasonable to suppose that the majority of the varieties are 
not suited to the conditions prevailing in New Orleans.
 “The large list of varieties furnished the Florida 
Experiment Station and planted at Gainesville, Fla., did 
not develop anything at all promising. The seed were not 
inoculated and in a careful search through the fi eld on August 
28th I found only a single plant tubercled, and that very 
sparingly. The trial was on very sandy soil, and the plants 
made but very small growth. The best of the plants were 
only 6 to 10 or 12 inches high, and were weak and sickly 
looking. They also had but a very small number of pods. 
The soil is badly in need of humus and it may be that if this 
were incorporated, the soybeans would do better. Prof. Rolfs 
/ Rolfe [?] wishes to try the entire list of varieties again 
next season and hopes that in the long run he may secure 
something of value.
 “I am exceedingly skeptical about soybeans ever 
becoming of any material value for Florida on account of 
the adaptability of the velvet bean to Florida conditions. 
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While there may be found isolated places in the state where 
soybeans will do well, the crop will never be generally 
grown in the state. Prof. Rolfe feels that there is but small 
promise, but he thinks that trials should be carried far enough 
to thoroughly demonstrate whether there is any chance of 
getting anything valuable or not. In the trial at Raleigh, North 
Carolina, the results are comparable. The varieties were all 
planted on July 18th on very uniform land. The season was 
exceptionally dry so the plants made but very small growth, 
although they were well tubercled and thrifty. Last year 
soybeans at Raleigh grew waist high while this year only 
a few of them were as much as 20 inches. The only thing 
this trial has demonstrated pretty thoroughly is the folly of 
trying to get anything valuable out of the early varieties. All 
of these made very small growth and produced only a small 
amount of seed. The medium maturing varieties did fairly 
well, but it is in the late ones that the promising varieties are 
found. These are able to withstand the severe drouth in the 
middle of the season and when the fall rains come they will 
start out and make quite a large growth, while other varieties 
will have set a small amount of seed and matured in the dry 
hot weather. Of the varieties that seemed of some promise I 
noted the following: Flat King, Nuttall, Ebony, in the Blacks 
[black seeded]; Brownie, Meyer, #17852–one of the best in 
the trial, in the browns; Guelph and Tokio, Nos. 17264 and 
17267 in the green, and Hollybrook, Nos. 17278 and 19984, 
in the yellow. Of these more or less promising varieties, 
Meyer, Guelph and Hollybrook have shown up the best. 
Owing to the unfavorable season, it is hard to tell what the 
varieties will do under average conditions.
 “I think the growing of soybeans in North Carolina will 
be a very profi table business although the trial at Raleigh this 
year has not been very successful. However, the varieties 
have shown their ability to withstand drouth, and in a 
favorable year I think they will make an enormous growth. 
I learned from the station that in the eastern part of the state, 
especially Hyde Co., there are many large areas devoted 
to soybeans, and that they do exceedingly well. I think the 
entire Coastal Plains region of the state will grow soybeans 
satisfactorily and profi tably. Considerable educational work 
is necessary to get the crop on a good basis.
 “In the large trial at Arlington [Farm, Virginia] quite 
a number of varieties made very large, and, in some ways, 
satisfactory growth, but only a few of this large list of 
varieties are of the type of plants most desirable to make a 
real successful variety. In this category come Ebony, #17254, 
Haberlandt, #17263 and #17271, Meyer, #17852, two yellow 
varieties, Nos. 14954 (Acme) and 19984 (Hollybrook?). 
These varieties I consider the most promising in the trial 
at Arlington for the reason that they make relatively large 
growths, set a lot of seed, hold their leaves well upon 
ripening, and have rather fi ne stems. The lower pods and 
branches on these varieties are also quite well above ground 
so the harvesting can be readily done.

 “After the summer’s investigation on soybeans I have 
come to the conclusion that the very early varieties might 
as well be permanently discarded, as there seems to be no 
place for them in our agriculture. North of the Ohio River, 
wherever soybeans are grown, the medium late varieties are 
the best, as the late ones will not mature seed, but for all the 
country south of the Ohio River, and I believe it is here that 
the soybean will fi nd its greatest usefulness, the late varieties 
are by far the best. I think the reason for the decrease in 
acreage of soybeans is due to the lack of knowledge of the 
crop. In nearly every section where the crop has become 
known it as found a permanent place on the farms, and is 
considered very valuable. Heretofore the stations have not 
devoted much time towards exploiting the soybean, and 
getting familiar with it, which is accountable for its not 
being grown more extensively than it is. A systematic plan 
of education undertaken by southern stations I think would 
increase the acreage of soybeans by many times the present 
status in a very few years. One of the principal objections 
to the crop has been lack of varieties which would yield 
a suffi cient amount of seed to make the crop profi table. 
New and better varieties which I think we now have on 
hand will overcome this drawback. The ease with which 
the crop can be handled and the readiness with which it 
becomes inoculated and adapted to environments in the 
Southern States will make it a very desirable crop in southern 
agriculture. In my opinion all exploitation possible should be 
given to soybeans as for many conditions they are superior to 
cowpeas.”
 Note 1. This is the earliest document seen (June 2013) 
that mentions the soybean variety Acme.
 Note 2. Nielsen fails to realize that the future of the 
soybean lies in the northern states rather than in the south, 
and that in the far northern states the short season varieties 
would be come the most popular because of their high seed 
yields.
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
95–Newhouse-Nixon.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., June 2012. Address: Scientifi c Assistant [Bureau of 
Plant Industry, USDA].

231. Maassen, -; Mueller, A. 1907. Ueber die Bakterien in 
den Knöllchen der verschiedenen Leguminosenarten [On 
the bacteria in the root nodules of various types of legumes]. 
Mitteilungen aus der Kaiserlichen Biologische Anstalt fuer 
Land- und Forstwirtschaft No. 4. p. 42-44. [Ger]
• Summary: Page 44: Representation with one of our leading 
cultures did not occur: Phaseolus vulgaris, Soja hispida, and 
Robinia Pseudoacaia.
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232. Simon, J. 1907. Die Widerstandsfaeigkeit der 
Wurzelbakterien der Leguminosen und ihre Bedeutung 
fuer die Bodenimpfung [The resistance of the root bacteria 
of legumes and their importance for soil inoculation]. 
Jahresbericht der Vereinigung fuer Angewandte Botanik 
5:132-60 (Berlin, 1908). [Ger]*

233. Bailey, L.H. ed. 1907. Cyclopedia of American 
agriculture. Vol. II. Crops. New York and London: 
Macmillan & Co. xvi + 699 p. See p. 582-86. Illust. Index. 
26 cm.
• Summary: The section (p. 99+) titled “Examples of crop 
rotation systems in Canada, United States, and elsewhere,” 
by S. Fraser, notes (p. 101) that soybeans are used in 
rotations only in Illinois.
 In Chapter 7, titled “Seeding, planting, and yields,” 
tables show: (1) “Longevity of certain seeds” (p. 131); 
soybeans have an average longevity of 2 years and 
an extreme of 6 years. (2) “Percentage of purity and 
germination of high-grade seed” (p. 133); soybean seed of 
99% purity has a germination percentage of 95. (3) “Usual 
planting dates” (p. 140); Feb.-April in California, May 15–
June 1 in Oregon, and April 1 in Washington state.
 Note 1. The previous sentence seems to imply that 
soybeans had been grown in Oregon by 1907–but we cannot 
be sure.
 The section titled “Soybean” by J.F. Duggar (p. 582-86) 
has the following contents: Introduction and advantages. 
Geographical distribution. Composition. Culture: Soil, 
fertilizers, seeding, time to plant, inoculation, place in the 
rotation, varieties, harvesting. Yield. Uses: As a feed (incl. 
soiling), as silage, as a land renovator, as human food. 
Enemies (relatively free from insect damage, rabbits–which 
“are the worst enemy of the young plants, and a suffi cient 
area must be planted for both farmer rabbits,” nematode root-
worms–next to rabbits, they “constitute the principal animal 
enemy of the soybean on certain old sandy fi elds in the Gulf 
states,” and sclerotium disease–a vegetable parasite).
 The following soybean varieties are mentioned (p. 585): 
Early maturity (75-95 days)–Early Yellow, Ogema, Ito San, 
Early Brown. Medium maturity (95-110 days)–Medium 
Black, Medium Green, Green Samara [Green Samarow], 
and Olive Medium. Late (114-166 days)–Late Yellow or 
Mammoth Yellow, Flat Black, Tamarat Sukun, Nalrade, 
Asahi, and Best Green.
 Page 585: “Harvesting. When soybeans are grown 
for seed, it is necessary to harvest the plant as soon as the 
earliest beans ripen; otherwise the pods split and shed the 
beans. Harvesting may be done by the use of a self-binder, 
self-rake or reaper or by the use of a corn knife. The small, 
early varieties are too low for the use of binder or reaper, 
and are best harvested for seed by a bean harvester or an 
equivalent home-made implement, consisting of two knives 
bolted to the shanks of a cultivator and sloping backward, 

thus cutting the plants just below the surface. If this is not 
available, the small varieties must be pulled by hand.
 “In cutting soybeans for hay, the mower is commonly 
used, but it is sometimes desirable to cut the large varieties 
with a corn knife, in which case the cut plants are placed in 
loose small bundles, which are turned over just before the 
upper exposed leaves become crisp. A few days later these 
loose bundles or hands are piled in cocks, butts inward, thus 
making a large cock with a rather open center. The open 
center is then capped by the use of several bundles placed 
with the leaves near the center of the top of the shock. In 
cutting soybeans for hay, they should be past full bloom and 
the seed-pods formed, but not fi lled. For the silo the date of 
harvesting may be a little later, but before any seeds have 
ripened.
 “When soybeans are cut for hay with the mower, 
the method of curing is the same as with other legumes,–
cowpeas, clover and the like. Soybeans grown for seed 
should be cured with as little handling as possible, and this 
handling, if practicable, should be in the early morning 
and late afternoon to reduce shattering to a minimum. The 
threshing is done with an ordinary grain thresher, with blank 
concave. The seeds after threshing should not be bulked, as 
they heat easily, but should be kept in thin layers to insure 
soundness.”
 Note 2. In this four-volume work, volume I is “Farms” 
(1907), volume II is “Crops” (1907), volume III is “Animals” 
(1908), and volume IV is “Farm and Community” (1909).
 Note 3. This is the earliest document seen (Jan. 2003) 
that uses the word “implement” to refer to a machine used in 
soybean production.

234. Bailey, L.H. ed. 1907. Cyclopedia of American 
agriculture. Vol. I. Farms. New York and London: Macmillan 
& Co. xviii + 618 p. Illust. Index. 27 cm.
• Summary: In Part I of this book, titled “The agricultural 
regions,” soy beans are mentioned at Mississippi (p. 58; the 
soils and climate are well adapted to growing a wide variety 
of crops, including soy beans).
 In Part III, “The soil environment,” Chapter XIV is 
titled “Treatment of the soil by fertilizing agents” (p. 454-
513). Soy beans are fi rst discussed at: The inoculation 
idea (p. 457). As early as 1884, before the discovery of 
the partnership between germs and legumes, Maxwell T. 
Masters, the English botanist, wrote of inoculating the soil 
with nitrifying bacteria in his book Plant Life on the Farm. 
The isolation of the nitrifying and nitrogen fi xing germs has 
led to the cultivation of these organisms in special media. 
Two of these preparations, “alnit” and “nitragin,” both of 
European origin, failed to give the results in practice that 
were expected of them, and have been abandoned. “The 
question arises as to whether the seed, rather than the land, 
may not be inoculated. In some cases, suffi cient soil and 
dust may go with the seed to supply the necessary germs. 
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This was found by the Illinois Experiment Station to be the 
case with cowpeas, but not so with soy beans.” “The most 
recent development in the United States is the recrudescence 
of the idea of inoculating directly by means of pure cultures 
of the germs. This is the result of work in the United States 
Department of Agriculture. A study of germs as related 
to the nitrogen supply was made by Dr. George T. Moore 
and others. The conclusion was reached that there is only 
one species, but that this species has different infective 
power according as it has lived on one host or another. It 
was suggested, also, that one reason why the old ‘nitragin’ 
was unsuccessful is because the germs were cultivated in 
a nitrogenous medium and the germs became, so to speak, 
nitrogen-surfeited. They were therefore cultivated in the 
Department laboratory in nitrogen-free media and the germs 
thereby were thought to remain active.”
 In this same chapter, soybeans are discussed at: Lime in 
relation to soil improvement (p. 481-82; soy beans should 
be limed since they cannot thrive on extremely acid soils). 
Practical advice on the use of commercial fertilizers (p. 484, 
487; “For legumes a basic formula made up of ground bone 
150 pounds, acid phosphate 600 pounds, muriate of potash 
250 pounds, applied at the rate of 200 to 300 pounds per 
acre, would be suffi cient to supply the mineral needs of red 
clover, alfalfa, and vetches and enable the plant to exercise 
its function of securing its nitrogen from the air; in the 
case of summer legumes, as the cowpea and soy bean, the 
application may be increased by at least one-half, as these 
plants must secure the entire amount of food needed for 
their growth and development during a short period.”). Farm 
manures: Their characteristics and values (p. 490, 493, 495; 
one table (p. 493) shows the fertilizer ingredients (nitrogen, 
phosphoric acid, and potash) in foodstuffs. Includes soy bean 
plants for use as green fodder, and soy beans as grains; a 
second table (p. 495) gives the composition of litter, incl. soy 
bean straw).
 The use of green-manures in soil improvement (by E.B. 
Voorhees, p. 503, 507-08; plants which belong to the legume 
or clover family do not depend solely on soil sources for 
their nitrogen, but can secure it from the air; these plants 
include soy beans. The soy bean is discussed in detail as a 
green-manure crop on p. 507 and compared with the cowpea. 
Sand or winter vetch grows much better on light, poor soil 
than cowpeas or soy beans. Methods of inoculating soy 
beans are discussed. A table (p. 508) shows the amount of 
nitrogen contained in various green-manure crops. Soy beans 
yield 6 tons/acre green, contain 60 lb of nitrogen, and 2,640 
lb of organic matter).

235. Delwiche, E.J.; Moore, R.A. 1907. The relation of 
orchard cover crops to soil moisture and soil freezing. 
Wisconsin Agricultural Experiment Station, Annual Report 
24:379-85. For the year ended June 30, 1907.
• Summary: “To sum up, cover crops are used: (a) To 

prevent deep freezing of the ground and thus avoid root-
killing of the trees; (b) to hasten the ripening of late wood 
growth, and in a measure prevent top-killing; (c) to prevent 
the soil from being washed away by heavy fall and spring 
rains; (d) to hold soluble plant food in the soil, especially 
nitrates; (e) to lessen evaporation in winter when no snow is 
on the ground; (f) to add humus to the soil so as to increase 
its water-holding capacity; (g) to prevent snow from being 
blown away; (h) to supply nitrogen to the soil” (p. 380)
 Ten plants were experimented with as cover crops–viz., 
cow peas, soy bean, crimson clover, hairy vetch, Canada 
fi eld pea, oats, rye, millet, and rape–and some of these were 
used in combination. It was found most easy to get a catch 
crop with oats, rape, rye, and millet, and least with soy 
bean, crimson clover, and hairy vetch. The relative order of 
value in obtaining an early cover was: cow peas, soy bean, 
oats, Canada fi eld peas, rape, rye, millet, turnip, hairy vetch, 
and crimson clover. The soy bean was the third best crop 
in standing drought (after cow peas and oats), and the most 
resistant to attacks of fungi, and the second most resistant to 
attacks of insects (after cow peas). Rye is the most resistant 
to frost, and the soybean is the next to last (before cow peas) 
(p. 384). Address: 1. Superintendent, Northern Wisconsin 
Sub Stations, Iron River; 2. Agronomist, Madison. Both: 
Wisconsin.

236. Wing (J.E.) & Bros. Seed Co. 1907. Alfalfa: And how 
to grow it (Mail order catalog). Mechanicsburg, Ohio: J.E. 
Wing & Bros. Seed Co. 24 p. Illust. Index. 23 cm. [3 ref]
• Summary: On the front cover of this catalog, the word 
“Alfalfa is written in large cursive sloping up to the right. 
The catalog is not dated, but dates in the text (p. 17-19) 
indicate clearly that it was published in 1907. On the back 
cover is a black-and-white photo titled “In the alfalfa 
meadows: Scene on Woodland Farm owned by the J.E. Wing 
& Bros. Seed Co., Mechanicsburg, Ohio.” It shows two 
children in a large square basket on a cart pulled through a 
fi eld of high alfalfa.
 The company’s goal is to teach farmers about alfalfa 
or lucerne (Medicago sativa)–”easily the ‘Queen’ of all the 
clovers–and to sell alfalfa seed. The introduction states that 
the company is composed of four men: Joseph E. Wing (the 
senior member), Willis O. Wing, Charles B. Wing, and F.M. 
Clemans (cashier of the local bank).
 Pages 16-23 show that, in addition to alfalfa, the 
company also sells various grains: Seed oats, beardless 
barley, rye, buckwheat, seed wheat, corn (last year–1906–
they grew 8,000 bushels of corn from 90 acres), sugar cane, 
kaffi r corn, millets (Japanese millet {Panicum Crus-Galli 
Major}, Hungarian millet, and German or Golden millet), 
Soja beans (Ito San, Early Green, Medium Early Yellow), 
Canada fi eld peas, cow peas, vetches, True Dwarf Essex 
Rape.
 The long section on “Soja Beans” (p. 21-22) states: 
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“This is a plant which we believe deserves a very much 
larger place in American agriculture than it is receiving. On 
our own farm we have been growing these beans for a good 
many years, and to say that we like them is putting it very 
mildly. They serve several purposes. The plant is a legume, 
and if the soil is inoculated with the proper bacteria the 
nodules on the roots will rapidly fi ll the soil with nitrogen. 
The grain of some varieties is one of the richest known 
feeds, analysis of the Ito San having run as high as 38 
per cent protein, and the average of many analyses being 
above 30 per cent. As a forage plant the proper varieties 
will make very large yields of hay, which, for nutrition, 
compares favorably with alfalfa itself. We recommend the 
Ito San for grain, and Medium Early Yellow for forage. 
It is very valuable also to mix with corn fodder for fi lling 
silos, our neighbor, Humphrey Jones of Washington C.H. 
[Court House, Courthouse], usually growing 100 acres for 
this purpose. The Ito San bean, in proper environment, will 
yield as high as 40 bushels per acre, although on our own 
farm, we are satisfi ed with 20 bushels. As grain they are 
very greedily eaten by all kinds of live stock, although they 
should be ground if fed to anything excepting sheep. We 
have fed these beans to our young Dorset lambs, and by their 
use have been able to entirely dispense with oil meal, as well 
as practically all wheat bran, the beans, with a little ground 
barley and alfalfa hay, making so rich a feed that nothing else 
was required. They should be sown immediately after corn 
planting. The following three varieties are best suited for 
Ohio conditions.
 “Ito San: This variety is our own standby for grain, the 
plants usually growing from 18 to 30 inches in height and 
the pods set very thickly. It should be sown on fertile soil, as 
the pods will form so close to the ground that it is diffi cult 
to save them unless they are so planted. Sow 20 pounds per 
acre in drills from 22 to 28 inches apart. The plants keep the 
weeds down. They may be harvested by hand, or if on fertile 
ground so that the pods are not too close to the ground they 
may be mown with a mower, or they may be harvested with 
a bean harvester. They should dry in winrow [sic, windrow] 
or small shocks for about a week, and then threshed with 
either a bean thresher or an ordinary threshing machine with 
the concaves removed. Cut when the pods have turned brown 
but before they have begun to shatter. They must be handled 
while the dew is on them to prevent shattering while being 
harvested.
 “Early Green: This is a dual purpose variety which will 
yield a fair amount of grain and a large amount of forage.
 “Medium Early Yellow: This variety is better adapted 
to growing for forage than for grain. It will reach a height 
of 3 feet or over on fertile soil, and has a large amount of 
foliage.”
 Note 1. Prices are got given in the catalog, but in a 
separate price list. Note 2. This is the earliest catalog seen 
(Nov. 2000) issued by the Wing Seed So. catalog. It is also 

the second earliest document seen (Nov. 2000) by Joseph 
Wing that mentions soy beans, or soy bean varieties.
 Location: Bailey Hortorium, Mann Library, Cornell 
University, Ithaca, New York. Address: Mechanicsburg, 
Ohio.

237. Wood (T.W.) & Sons. 1907. Descriptive catalogue and 
guide for the farm & garden (Mail order, with order form). 
Richmond, Virginia. 81 p. 25½ cm.
• Summary: In the section on “Seeds For the Farm” (p. 81) 
three-fourths of the page is devoted to “Mammoth Yellow 
Soja Beans,” “Soja Beans Inoculated” (supplied at an 
extra cost of 60 cents per bushel), and “Hollybrook Early 
Soja Beans.” There is a long testimonial letter about the 
Mammoth Yellow from satisfi ed customer D.L. Clements, 
McDowell County, North Carolina (Sept. 27, 1906), and 
another testimonial letter about Hollybrook Early from 
customer N.E. Scales, Rowan Co., North Carolina (Oct. 
22, 1905). Prices of the Mammoth Yellow: “Pkt. 10 cts., 
postpaid; qt. 20 cts.; pk. [peck] 50 cts. Bushel price quoted 
on request. Crop short and values not settled at time this 
catalogue is printed.” A photo shows “Soja beans being 
grown as a hay crop on our Hollybrook Farm.”
 This catalog is owned by the Smithsonian Horticulture 
Branch Library in Washington, DC. The call number: 
#012610. Address: Richmond, Virginia.

238. Kellerman, Karl F.; Robinson, T.R. 1908. Progress in 
legume inoculation. Farmers’ Bulletin (USDA) No. 315. 20 
p. Jan. 11. See p. 10-11, 18-19. [3 ref]
• Summary: Contents: Introduction. The use of pure cultures 
of nitrogen-gathering bacteria. The effect of inoculation 
upon the composition of the crop (“The amount of nitrogen 
contained in a soy bean crop {in Michigan; see Bulletin 221} 
was found in one case to be 113.55 pounds to the acre for the 
inoculated plants and 75.95 pounds to the acre for those not 
inoculated, yet the appearance in the fi elds was the same”), 
danger in inoculation by soil transfer, results of cooperative 
fi eld tests, reports of inoculation experiments [with 
various crops] classed as successes, reports of inoculation 
experiments [with various crops] classed as “doubtful,” 
reports of inoculation experiments [with various crops] 
classed as failures, summary.
 “The peculiar value of legumes for maintaining and 
increasing the fertility of soils is due to certain bacteria 
which develop nodules upon the roots of leguminous 
plants and which have the unique power of rendering the 
free nitrogen of the atmosphere available for plant growth. 
Without these bacteria, legumes, like other crops, exhaust the 
soil of its combined nitrogen. In many regions certain types 
of these important bacteria are abundant in the soil; in other 
localities they must be imported, either by distributing soil 
from a fi eld where they are known to be present or by using 
pure cultures of the proper organisms grown under artifi cial 
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conditions. The old method of importing the bacteria by 
distributing soil from fi elds containing them is not only 
expensive but there is a great danger of spreading weeds and 
destructive crop diseases as well as the desirable bacteria. 
Under modern conditions, therefore, it is wisest to depend 
chiefl y upon the intelligent manipulation of pure cultures for 
inoculating leguminous crops.”
 In the section titled “Reports of inoculation 
experiments classed as successes” (p. 18) we read: “Soy 
bean–’Inoculation increased nodules. On part of ground 
I spread soil form a soy-bean fi eld; on part I planted seed 
with inoculating cultures; part of the fi eld had no soil or 
inoculated seed. Both inoculated seed and soil from a soy-
bean fi eld caused vigorous growth of nodules; no nodules 
on ground not treated. Inoculated crop was dark green in 
color; uninoculated light green. Where soil was fertile the 
growth was about equal, but where soil was poor the growth 
of the inoculated bean was more than double that of the 
uninoculated’ (Cazenovia, New York).”
 In the section titled “Reports of inoculation experiments 
classed as failures” (p. 19) we read: “Soy bean.–’Plants were 
carefully dug, but had no sign of nodules, either treated of 
untreated. Culture may have been beyond the milky state but 
did not appear frothy. Good rank root system but no nodules. 
(Higganum, Connecticut).”
 “Summary: 1. Abundant nodule formation improves the 
chemical composition as well as increases the quantity of a 
leguminous crop.
 “2. Leguminous crops with nodules are more valuable as 
green manure than leguminous crops lacking nodules.
 “3. Nematode galls or root-knots resemble nodules in 
appearance, but they are very injurious and care should be 
taken not to confuse the two growths.
 “4. It is wisest to depend upon pure cultures for 
inoculating purposes. If soil is to be used, however, great 
precautions should be taken in selecting and handling the soil 
to guard against the introduction of weeds or plant diseases.”
 Inoculation of wild hemp (Sesbania macrocarpa) is 
discussed on p. 11. Address: 1. Physiologist in Charge of Soil 
Bacteriology & Water Purifi cation Investigations, USDA 
Bureau of Plant Industry; 2. Asst. Physiologist.

239. B. 1908. Cow peas and soy beans: They improve the 
soil (Letter to the editor). Indiana Farmer 63(5):3. Feb. 1.
• Summary: This is the fi rst of three letters published under 
the bold heading: “Experience department.”
 “1st Premium [First prize].–The soy bean and cow pea 
are leguminous plants, natives of the south. On account of 
receiving nourishment principally from the atmosphere, they 
are great fertilizers. They have only recently received much 
attention as forage plants, except in a number of experiment 
situations, where their great value as crops has been clearly 
demonstrated... These plants can be used for soiling, pasture, 
hay, ensilage or for seed, and fed as grain. If for hay, cut 

when the plants are in late bloom. For ensilage, the crop can 
be cut a little later.”
 Discusses: How to harvest both plants. Proper kind of 
soil, inoculation, preparation of the soil, planting, and yields. 
Good land should produce 25 bushels of soy beans or 2½ to 
3 tons of hay per acre.

240. Otago Witness (New Zealand). 1908. Inoculation of 
plants. Feb. 19. p. 9.
• Summary: From Mark Lane Express: “According to 
a bulletin issued by the United States Department of 
Agriculture, nearly every legume has its own particular 
strain of nodule bacteria. For example, that of the clover is 
different from that of lucerne, and that of the cow pea from 
that of the soy bean.”
 “Artifi cial inoculation is usually accomplished with ease 
as regards cow peas, red clover, vetches, fi eld peas, and most 
other legumes. Soy beans, however, frequently give negative 
results.”

241. Wiancko, A.T. 1908. Re: Soy bean nomenclature. 
Letter to C.V. Piper, Agrostologist, Bureau of Plant Industry, 
Washington, DC, April 22. 2 p. Typed, with signature on 
letterhead. [1 ref]
• Summary: “Dear sir:–I have yours of the 16th. concerning 
the nomenclature of soy beans, and thank you for your full 
explanation. I have not seen Mr. Ball’s bulletin, and would 
be very glad if you could send me a copy. Concerning the 
varieties of soy beans we have, I may say that the Very 
Dwarf Brown, Ogema, Early Black, Medium Early Black, 
Olive Medium, Ito San, Early Brown, Medium Green, 
Medium Early Yellow, Hankow, were all secured from the 
Evans Seed Co., West Branch, Michigan, in the spring of 
1903, except Hankow, which was secured a year later. The 
varieties secured from the Department were all dropped 
except two. Two got mixed, and the others were the same as 
what we already had. In fact the number 12399 is the only 
really new one, as the Dwarf Early Yellow 1973 seems to be 
Ito San.
 “I should very much like to see greater uniformity in 
the naming of our seeds, and anything to that end will be 
welcome I assure you. I presume that it will be best to adopt 
your names in the place of those we have been using, except 
perhaps in case of some of the Michigan varieties. We shall 
send you the sample of each of our varieties as suggested.”
 “Could you supply us with inoculating material for 
about a peck of seed each of alfalfa and soy beans? I have in 
mind that determination of the necessity of inoculation on a 
certain soil type which has not produced these crops.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–Correspondence with State Agric. 
Exp. Stations, 1899-1923. Box 12–Illinois-Indiana. Folder–
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Indiana Experiment Station–#1.
 Sent to Soyfoods Center by Jacob Jones of Purdue 
Univ., Aug. 1998. Address: Agriculturist, Purdue Univ. 
Agric. Exp. Station, Lafayette, Indiana.

242. Earp-Thomas Farmogerm Co. 1908. Put new life in 
your soil: increase your crops by using Farmogerm (Ad). 
Country Gentleman 73(2883):452, col. 4. April 30.

• Summary:  “High-bred nitrogen-gathering bacteria. It 
produces immediate and lasting results and better results than 
anything else, because through it the crop gets nitrogen, the 
food most needed and yet most scarce in soils and fertilizers, 
and the soil is enriched for future crops. Farmogerm.
 “Makes Poor Soil Good Soil: Don’t confuse it with other 
nitrogen cultures, It is different - It is better - It comes to you 
in sealed bottles ready for use. It keeps perfectly and requires 
no developing on your part.
 “Inoculate the seeds. Spray on soil or young plants or 
mix with earth and spread. The pure, active, virile cultures 
of bacteria will rapidly multiply in the soil and roots, 
continuously draw nitrogen from the inexhaustible supply of 

the air, and make it available to the plants. 
 “More and better feed per acre, whether it is clover, 
alfalfa, cow peas, soy beans or any other legume. Produces 
more and better garden peas and beans also.
 “U.S. Dept. of Agriculture says inoculation by pure 
culture ‘has come to stay.’ Ask your experiment station. Let 
us send your endorsements.”
 A large illustration shows a bottle of Farmogerm.
 Note: This is the earliest English-language document 
seen (Nov. 2018) that mentions “Farmogerm”; it also 
mentions “Farmogerm” in connection with inoculation of 
soybeans. Address: Bloomfi eld, New Jersey.

243. Nielsen, H.T. 1908. Re: Send inoculation soil to Mr. 
T. Dorsey Mitchell of Maryland. Letter to Mr. W.J. Morse, 
Arlington Farm, Rosslyn, Virginia, May 2. 1 p. Typed, 
without signature (carbon copy).
• Summary: “My dear Morse: Mr. T. Dorsey Mitchell, 
Glencoe, Maryland, expects to grow some soybeans this 
summer, and to make sure of inoculation we have advised 
him to use soil from an old soybean fi eld. He is unfortunately 
located where he cannot secure soil, and I wish you would 
put up a bag containing a hundred pounds or more of soil 
from Section C, and have it sent to Mr. Mitchell. It can be 
sent by freight, and Mr. Mitchell will pay the charges. He is 
on the Pennsylvania Railroad.
 “Also send a bag of soybean soil to Mr. C. L. Goodrich. 
I am enclosing a tag containing the address of Mr. Goodrich. 
He is also on the Pennsylvania Railroad as you will notice.
 “Kindly have this attended to at your convenience. Very 
truly yours,...”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., March 2012. Address: Scientifi c Assistant [Bureau of 
Plant Industry, USDA, Washington, DC].

244. Ingle, Herbert. 1908. A manual of agricultural 
chemistry. 2nd ed. London: Scott, Greenwood & Son. xii + 
412 p. Index. 22 cm. 1st ed. 1902. [45* ref]
• Summary: The section titled “Albuminoids” (p. 213-
15) discusses proteid, albumens, albuminous substances, 
vegetable albumens, vegetable globulins, vegetable 
albuminates, vegetable proteoses, vegetable peptones, and 
insoluble vegetable proteids.
 The chapter titled “The constituents of plants” notes (p. 
206) that lecithin and phytosterol are found in many seeds, 
including those of beans and peas.
 The section titled “Leguminous grain crops–Beans and 
peas” (p. 241-42) discusses their ability to obtain nitrogen 
from the air. The seeds contain large amounts of legumin, 
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an albuminoid analogous to casein; they also contain 
“considerable quantities of the fat-like body, lecithin.”
 Under fodder crops, the subsection on “Leguminous 
crops” (p. 243-44) mentions clover, lucerne, rye, vetches, 
oats, and nematoids [nematodes] (tiny eelworms). Chapter 
13, titled “Foods and feeding” (p. 278-81) has sections on 
linseed cake, cotton-seed cake, rape-seed cake, earth-nut or 
pea-nut cake, palm-nut cake or meal, sunfl ower cake, and 
corn oil-cake or germ oil-meal.
 Two tables titled “Average digestion coeffi cients in 
various foods” gives values for protein, carbohydrates, 
fat, crude fi bre, and total dry matter in various foods for 
ruminants or for pigs: Gluten meal, gluten feed, linseed, 
linseed meal, lucerne hay, and barley straw. A table titled 
“Digestible and fertilising constituents of various food 
stuffs” (p. 288-91, 294-95) gives values for similar foods, 
plus sharps or shorts, malt coombs, pea-nut meal.
 The second edition consists of several long, disjointed 
chapters (p. 391-438) added to the end of the fi rst edition and 
composed of notes on specifi c chapters in the fi rst edition. 
They discuss: Nitragin (p. 401-02). Green manuring (p. 407-
08). Artifi cial manures (p. 411-12). Leguminous grain crops: 
Cow pea, pea nuts, ground nuts, or monkey nuts (Arachis 
hypogæa), and lupines (p. 419-20). Flax or linseed (p. 421). 
Composition of various South African crops (p. 423-25). 
Note: Soy is not mentioned in this book. Address: Chief 
Chemist to the Transvaal Dep. of Agriculture, Pretoria, South 
Africa; Late lecturer on agricultural chemistry at Leeds Univ.

245. Lipman, Jacob G. 1908. Bacteria in relation to country 
life. New York, NY: Macmillan Co. xx + 486 p. See p. 231, 
245, 258. Sept. Illust. Index. 20 cm.
• Summary: Chapter 23, titled “Soil-inoculation” (p. 221+) 
begins with a discussion of the early research of Hellriegel 
and Wilfarth, tests concerning legume nodules conducted in 
1887 at the Moore Experiment Station at Bremen, Germany, 
and the development in Germany of “pure cultures” and of 
Nitragin followed by many disappointments from 1896-
1898, “which cast discredit on artifi cial cultures.” Yet there is 
now hope that they will be made to succeed.
 The section on “Soil-inoculation in the United States” 
states (p. 230-31) that at fi rst, crops such as clovers, 
cow-peas, fi eld-peas, etc. did not appear to require any 
inoculation. “It was otherwise with at least two leguminous 
crops, soybeans and alfalfa. Soybeans, originally introduced 
into the United States from Japan, did not do very well. 
They frequently failed to develop that healthy, dark green 
color characteristic of vigorous leguminous plants. Careful 
examination showed their roots to be devoid of tubercles. 
Soybean earth, straw and chaff were obtained from Japan 
and placed in the ground together with the seed. The plants 
thus inoculated developed normally and produced an 
abundance of tubercles.
 “This experience demonstrated the need of soil-

inoculation of soybeans. Many cases are reported in 
experiment station literature in which these inoculations gave 
positive results. For instance, in the experiments of the New 
Jersey Station, on light sandy soils at Hammonton, when 
cowpeas and soybeans were planted in the same ground, the 
former grew luxuriantly and gathered nitrogen from the air 
by means of their numerous nodules, while the soybeans 
remained small and yellow and produced no tubercles. It was 
not until the introduction of some soil from a fi eld where 
these plants had been grown successfully for several years 
that the soybeans developed properly and grew as luxuriantly 
as did the cowpeas.
 “Similar observations were made time and again in the 
case of alfalfa.” Figure 38 (three photos, p. 224) shows three 
soybean plants and their roots: (a) the largest, with nodules 
on the roots, is inoculated with soil; (b) medium size with no 
root nodules, is untreated; (c) thin and with no root nodules, 
is “inoculated with soybean chaff.”
 Note 1. This is the earliest English-language document 
seen (June 2011) that contains the term “soybean chaff.” It 
refers a by-product that results when soybeans are threshed 
or the seeds cleaned.
 In the Chapter 24, titled “Green-manuring” we read 
(p. 245): “The cowpea, soybean, and velvet bean as green-
manure crops.–On the sandy soils of the East, the cowpea, 
soybean, sand vetch, crimson clover, and velvet bean have 
been widely used for improvement of the land. In the 
cotton-growing states of the South, the cowpea is almost 
indispensable as an aid in the maintenance of the humus 
and nitrogen of the soil.” Soil bacteria decompose the vines 
and roots. “The soybean, which is related to the cowpea, 
has also been used as a green-manure on light soils. It does 
well, however, also on heavier soils, provided it is properly 
inoculated, and is not as readily injured by cold weather.”
 A full-page black-and-white photo (p. 258) shows “A 
thoroughly inoculated crop of soybeans” growing in a large 
fi eld.
 Chapter 1, titled “The rise of bacteriology” (p. 1-12) 
gives an interesting, early history. Leeuwenhoek (lived 
1632-1723) in Holland fi rst beheld bacteria with his lenses 
in 1675; he called them “animacules.” “He recognized 
differences in their appearance and size as well as in their 
mode of motion.” These and subsequent observations “gave 
rise to much speculation and heated discussion concerning 
the relation of the animacules to animal diseases”–and to the 
issues of contagion and spontaneous generation. Belief in 
spontaneous generation had existed since the Middle ages, 
and the discovery of bacteria seemed to support the ancient 
theory. But various experiments from 1765 to 1875 gradually 
disproved the theory.
 “The physiology of bacteria.–Pasteur’s epoch-making 
investigations on fermentation shed a broader light on the 
activities of microörganisms. His work plainly indicated 
that the various kinds of bacteria possess specifi c functions 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   138

© Copyright Soyinfo Center 2018

and differ in the chemical changes which they produce. This 
work may, therefore, be regarded as the starting point for 
much fruitful research... Bacteria were to be distinguished, 
henceforth, not by their appearance alone, but by the 
chemical transformations of which they are capable. They 
were to be regarded as chemical agents of wide signifi cance, 
builders and destroyers in vegetable and animal substances, 
in organic and inorganic materials, in the presence or absence 
of air.
 “Bacteria as a cause of disease.–The study of bacteria, 
and of other microorganisms, as agents of decay, putrefaction 
and fermentation, gained in interest with the recognition 
that bacteria may also be the specifi c cause of disease. As 
far back as 1762, the belief was expressed by Plenciz, a 
Vienna physician, that disease is the result of infection by 
animalcules; and, more important still, that every disease 
has its particular germ. The views of Plenciz met with no 
acceptance, and were soon forgotten amid the clashing 
opinions on spontaneous generation” (p. 6).
 During the 1800s important advances were made by 
Bassi, Henle, Pasteur, and Lemaire. Lister developed a 
method of antiseptic surgery (1868), “through which medical 
science has achieved splendid results.” “The investigations 
of [the German bacteriologist Edwin] Klebs during the 
Franco-Prussian War [July 1870–May 1871] traced the 
entrance and development of bacteria in wounds and 
their passing into the circulatory system. Klebs and other 
investigators also noted the constant presence of bacteria 
in diphtheric infections.” “The systematic study of bacteria 
was furthered by the work of Schroeter, published in 1872.” 
Ferdinand Kohn then articulated the “opinion that, among 
bacteria, as among more highly organized organisms, there 
exist defi nite species fairly constant in their structure and in 
their physiological activities.”

“Anthrax bacillus.–In 1876, [the German Robert] Koch 
[1843-1910] demonstrated clearly and convincingly that 
anthrax in cattle is due to a specifi c germ, and thus confi rmed 
a fact already, indicated by the observation of others. He 
isolated the anthrax bacillus in pure culture, studied it under 
the microscope, and showed that he could produce anthrax in 
other animals by inoculation from such cultures” (p. 8).
 “Bacteriology and agriculture: In agriculture, the 
development of bacteriology has given us a new insight into 
the nature of soil fertility. We have learned to regard the 
soil as a culture medium with its almost endless number of 
species and varieties of bacteria, specialized to do important 
work in the transformation of soil, nitrogen, hydrogen, 
sulfur;...” We have also “made some progress towards 
successful systems of soil-inoculation.”
 Chapter 47, titled “Bacteria in miscellaneous agricultural 
industries,” states (p. 456-57): “The preparation of natto.–
Natto is a vegetable cheese made in Japan by fermenting 
boiled soybeans. The fermenting mass is kept in a warm 
place for one or two days, at the end of which time it has 

become fi lled with vast numbers of bacteria. The material is 
then found to contain a large proportion of a mucilaginous, 
viscous substance, which is highly esteemed by the 
Japanese.”
 Note 2. This is the earliest English-language document 
seen (Jan. 2012) that uses the word “mucilaginous” or the 
word “viscous” to describe Japanese natto.
 “The bacterial fl ora of natto consists at fi rst largely of 
bacilli, but subsequently spherical forms become prominent.
 “Two rod-shaped organisms, isolated by Sawamura, 
were found to change boiled soybeans into a product similar 
to natto. One of these produced the characteristics taste and 
aroma, but did not develop a strong viscosity in the beans. 
The other organism was found to possess a more pronounced 
ability to form mucilaginous materials, but did not develop 
as desirable a taste and aroma. The changes produced by 
these organisms in the preparation of natto were shown to be 
due to enzymes secreted by them.”
 Note 3. Although the date on the title page of some 
editions is 1911, the copyright page and last page of the 
Preface indicate that it should be Sept. 1908.
 Facing the title page (frontispiece) is a painted portrait 
of Antoni Van Leeuwenhoek (pronounced lay-ven-hook), 
a Dutch naturalist (1632-1723), who “is generally cited as 
the fi rst to discover bacteria” [or microorganisms]. Address: 
A.M., Ph.D., Soil Chemist and Bacteriologist, New Jersey 
Agric. Exp. Station, New Brunswick, New Jersey, and Assoc. 
Prof. of Agriculture at Rutgers College.

246. Agricultural Bureau, Department of Agriculture and 
Commerce. 1908. Agriculture in Japan. Tokyo: Agricultural 
Bureau, Department of Agriculture and Commerce. x + 455 
p. See p. 225-29, 434, 439, 448, 453-54. No index. 23 cm. 
[Eng]
• Summary: A table of moneys, weights and measures (p. x) 
includes British equivalents of the following Japanese units: 
Money–yen, sen, rin. Length: ri, chô, ken, shaku, sun. Area: 
cho, tan, sé, bu or tsubo, kô (9.724 tan). Capacity / volume: 
koku, tô, sho, go. Weights: kwan or kwamme, kin, momme.
 In Chapter 6 titled “Agricultural products,” in section 
2 on “staple food stuffs” is a subsection titled “Soja beans” 
(p. 225-29) which begins: “In point of production and use, 
soja beans occupy an important position among the various 
beans, they are extensively cultivated from the Hokkaido 
in the north to Formosa in the south. They fi nd a congenial 
soil to prosper, the acreage for 1906 was 460,895 cho (1 cho 
= 2.45 acres) which with the exception of the acreage of 
barley (503,498 chô) is equalled by no other products from 
the upland fi elds. Their use is quite extensive. They are eaten 
boiled, baked and powdered while soy, miso and tofu (bean 
curd) made out of beans, are found even in the remotest 
villages. They are found on the table both of high and low. 
In making soy [sauce], a by-product in a shape of soy-cakes 
is obtained and may be used as excellent manure, while in 
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making tofu, the remaining ingredients [okara] may be used 
as a subsidiary diet and as food for cattle. Soja beans may 
also be pressed, and its oil used for the purpose of diet and 
for various technical uses, while the residue forms excellent 
manure. The fresh stalks of soja beans may be used as forage 
or as effective green manure. In short, soja beans, either as 
an article of Japanese diet, or as agricultural manure or as 
food for cattle are indispensable.
 Note 1. This is the earliest document seen (Nov. 2017) 
that contains the term “technical uses”.
 “The cultivation of beans under the circumstances was 
developed from ancient times, and numerous varieties are 
most extensively cultivated while by its peculiar nature 
of root, it absolves nitrogen from air so that high priced 
nitrogenous manure may be dispensed with, and therefore 
the cultivation of beans like other agricultural products do 
not exhaust the productive power of the soil, but on the 
contrary, it operates favourably to improve the soil. As for 
rotation of crops of wheat, millets, corns and potatoes, beans 
are indispensable. Seeds are sown early in the beginning of 
May.”
 Tables show: (1) Output of soja beans in Japan, 
1897-1906.” For each year is given the area (in chô), the 
production (in koku) and the yield (in koku per tan) (1 koku 
= 4.962 bushels; 1 tan = 0.245 acres). The area increased 
from 435,605 chô in 1897 to a peak of 482,044 chô in 1898, 
then slowly fell to a low of 446,844 chô in 1904, then rose to 
460,895 chô in 1906. Production increased from 3,100,973 
koku in 1897 to a peak of 4,069,619 koku in 1901, then 
slowly dropped to 3,557,592 in 1906. The yield in 1897 
was 0.712 koku per tan, rising to a peak of 0.830 in 1904. 
Hokkaido has the largest area (43,924 chô) and production 
(392,140 koku). The principal soja bean producing districts 
are Ibaraki (33,000 chô), Saitama (29,000 chô), Iwate 
(26,000 chô), Nagasaki (26,000 chô), Kumamoto (26,000 
chô), Niigata (22,000 chô). There is no prefecture where the 
production does not exceed 10,000 koku.
 (2) “As mentioned above, soja beans are used either 
boiled, baked or powdered or as material for tofu (bean 
curd), frozen tofu, soy and miso (bean-cheese), and 
particularly the latter two products besides meeting with 
domestic demands, are exported abroad in large quantities, 
as may be seen in the following table.” This table shows 
amount and value (in yen) of miso and soy [sauce] exported 
from Japan each year from 1903 to 1907, inclusive. Miso 
exports increased from 1,670,092 kin (1 kin = 1.322 lb) in 
1903 to a peak of 5,199,957 kin in 1907 (a 3.1 fold increase 
in 4 years), while soy [sauce] exports increased from 
1,974,119 shô (1 shô = 1.9 quarts) in 1903 to 4,403,851 shô 
in 1907 (a 2.2 fold increase). The total yen value of these two 
exports rose from 489,213 yen in 1903 to 1,354,517 yen in 
1907 (a 2.8 fold increase). In American units: Miso exports 
increased from 2.20 million lb (worth $347,647) in 1903 to a 
peak of 7.50 million lb (worth $132,652) in 1905, dropping 

to 6.86 million lb (worth $135,833) in 1907.
 Shoyu exports increased from 5.92 million lb (worth 
$204,959) in 1903 to 13.21 million lb (worth $541,425) in 
1907. Note that in 1907 shoyu exports are worth about 4 
times as much as miso exports.
 (3) Because of increasing exports, Japan now needs to 
import soja beans from abroad. This table (p. 227) shows 
the amount and value of soybeans imported by Japan for the 
years 1903-1907, inclusive. They rose from 146,971 tons 
(worth $3.18 million) in 1903 to a peak of 193,479 tons 
(worth $4.92 million) in 1905, dropping to 177,365 tons 
(worth $4.79 million) in 1907. They are mostly imported 
from Manchuria and Korea. “While a greater portion of these 
imports is used as material for soy and miso, it is also used in 
making bean-cakes and is sown for obtaining green manure, 
or used as manure or for feeding cattle.”
 (4) This table (p. 228) shows the quantity and value of 
[soy] bean-cakes imported into Japan for the years 1903-
1907, inclusive. The cake was used mostly for fertilizer. 
Cake imports rose from 216,198 tons (worth $3.81 million 
and representing 57.8% of all fertilizers) in 1903 to 367,210 
tons (worth $8.71 million and representing 44.8% of all 
fertilizers) in 1907. (5) This table (p. 229) shows acreage 
and production (output) of [soy] beans in Formosa [today’s 
Taiwan]. Acreage doubled in 3 years from 11,226 kô in 1901 
to a peak of 22,641 kô [53,886 acres] in 1904, then decreased 
slightly to 21,220 kô in 1906. Note 2. 1 kô = 9.724 tan, and 1 
tan = 0.245 acres. Therefore 1 kô = 2.38 acres.
 Production in Taiwan increased more than 3-fold from 
44,661 koku in 1901 to 135,271 koku in 1904, then decreased 
slightly to 100,803 koku in 1906.
 Note 3. This is the earliest document seen (May 2014) 
that gives soybean production or area statistics for Formosa / 
Taiwan.
 Note 4. Production of soja beans in Formosa in 1904 
was only 3.6% as much as production of soja beans in Japan 
in 1904.
 The next section, titled “Red-beans” (p. 229-30) gives 
similar detailed statistics on acreage, production, and yield 
for azuki beans in Japan. Sarashi-an (the powdered red bean) 
is made in Osaka, Tokyo, Niigata, and Aomori. A second 
table gives annual imports of red [azuki] beans to Japan from 
1903 to 1907. They are imported mainly from China, Korea, 
and British India.
 In Chapter 9, titled “Agricultural products in 
commerce,” section 2 is on imports to Japan. A table (p. 
433-34) gives imports of the following grains and seeds (in 
quantity / piculs and value / yen) from 1903 to 1907: Italian 
millet, soja beans, red beans [azuki] (small white), and 
sesame seeds. Another table (p. 438) titled “Miscellaneous” 
includes imports of “bean’s oil cake” for the same period. 
An explanation titled “Soja-beans” (p. 439) states: “Not 
only as foodstuffs, but also as a manure a large quantity of 
beans are consumed each year, as that from China and Korea 
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a considerable amount is imported. Besides beans, bean-
cakes are imported from China in large quantity.” Imports of 
sesame seeds, rice, wheat and rape-seed are also discussed on 
the same page. In this same chapter, section 3 is on Exports 
and imports in Formosa. Soy is mentioned on pages 434, 
439, 442, 448, 453-54. “Beans, Soja: The demand for soja 
beans in Formosa is enormous and as the Formosan product 
was not suffi cient to meet the demand, a large amount is 
imported from abroad. Soja beans produced in Manchuria, 
and Chin-kiang [Chinkiang, Zhenjiang] are imported from 
China and Hongkong.” “Oil, Beans [soybean oil]: This 
is principally produced in Manchuria and is brought here 
through China and Hongkong. Originally it was used as an 
[sic, for] illumination, but the demand has greatly increased 
as it is used in making cut tobacco” [to keep it moist]. 
Ground-nut oil is used for the same purpose (p. 453-54).
 Note 5. This is the earliest document seen (Oct. 2003) 
concerning miso in international trade–exported from Japan; 
export statistics are also given.
 Note 6. The preface, by Chuzi [Chuji] Shimooka, 
explains that this book was compiled for the International 
Agricultural Association meeting to be held in Italy in the 
autumn. The compiler did not have time to explain all the 
terms [and units] adequately. Address: Tokyo, Japan.

247. Huang Shirong. 1908. Weituiju suibi [Random notes 
from the “plain fl avor” studio]. China. Passage on soy 
reprinted in C.N. Li 1958 #349, p. 248-49. [Chi]
• Summary: Wade-Giles reference: Wei T’ui Chü Sui Pi, by 
Huang Shih-Jung. Qing dynasty. A revised edition of this 
book, edited by Huang’s son, appeared in 1916 during the 
Republican period. This is a summary by Mr. Huang (in 
China) of a publication by Li Yu-ying–who was in France at 
the time.
 The section titled “Soybeans effi cacy and use” 
(gongyong) states: Mr. Li Yu-Ying recommends that China 
establish an association / society for soybeans and soybean 
technology for Chinese manufacturing. Li wrote two articles: 
One, to promote the establishment of a society for soybeans, 
and the second to promote manufacture of soybean products 
in China using modern technology. It is most important 
to invent new methods of production and manufacture, 
which would have a great effect on the industry. These two, 
which contained 5,000 words, were published in a Chinese 
newspaper [probably in China] the 2nd month on the 6th, 
7th, 8th, 9th, 10th, 11th, and 12th days. Note 1. The name 
of the newspaper is not given. Mr. Huang summarizes the 
content as follows:
 The nutrients of the soybean benefi t health, economics, 
and commercial production; it is worthy of future 
development. Its wider propagation will improve the 
fertility of the soil because the roots contain nodules which 
fi x nitrogen to enrich the soil. Soybeans are a rich source 
of dairy products (milk content) and oil, so they are very 

nutritious. They can be used to make good substitutes for 
meat. They are rich in phosphorus and potassium, so they 
are healthful and strengthen the brain. Since they are lacking 
in starch, they are good for diabetic diets. Because they are 
a rich source of dairy products (milk content) and oil, they 
would be a good material for industrial exploitation. And its 
very inexpensive; it sells for only about one-fi fth as much as 
legumes from other countries. When you compare the milk / 
protein content with that of meat, milk, or eggs, or with other 
legumes and cereal grains, it is at least 2-10 times higher.
 The soybean is rich in phosphorus, which is equal to 
the effi cacy of Western medical phosphorus. Other products: 
Whole soybeans (douren). Soybean noodles (doumian; 
wheat pasta enriched with soy); it is a substitute for wheat 
gluten (mianjin). Soybean oil (douyou). Soybean cake–
defatted (doubing). Okara or residue from making soymilk 
(douzha; [mostly fed to animals]).
 Note 2. This is the earliest Chinese-language document 
seen (May 2014) that uses the term douzha to refer to okara.
 Soymilk (doujiang). Spray-dried [or powdered] soymilk 
(doujiangfen). Canned soymilk (guandoujiang). Soured 
soymilk (suandoujiang; by lactic acid fermentation). 
Soybean extract (doujing). Tofu (doufu). Pressed tofu–sliced 
(doufugan yupian). Fermented tofu (faxiao doufu). Whey–
from making tofu (yujiang). Soy sauce (jiangyou). Sweet 
wheat-fl our jiang (tiandoujiang). Soy sprouts (douyacai). 
Soybean coffee (douren jiafei). (Translated by H.T. Huang, 
PhD, April 2003).
 Note 3. This is the earliest document seen (May 2014) 
worldwide that mentions powered soymilk.
 Note 4. This is the earliest Chinese-language document 
seen (Jan. 2016) that mentions protein in connection with 
soy. In traditional Chinese there is no word for protein. 
In this document, it came into Chinese via Li Yu-ying, a 
Chinese entrepreneur making soyfoods near Paris, France. 
As of Jan. 2016 the Mandarin Chinese word for protein is 
dànbái.

248. Vivian, Alfred. 1908. First principles of soil fertility. 
New York, NY: Orange Judd Co. London: Kegan Paul, 
Trench, Trübner & Co., Ltd. 265 p. Illust. Index. 19 cm.
• Summary: Chapter 3, titled “Nitrogen as plant food” (p. 
21-30), begins by noting that nitrogen is the most costly plant 
food. Hellriegel, repeating the experiments of Boussingault, 
found that legumes or leguminous plants can obtain free 
nitrogen from the atmosphere. Small “nodules or tubercles” 
on their roots and the bacteria that produce these nodules are 
essential to the process. So “long as the leguminous plants 
can procure in the form of the nitrates [from soil rich in 
nitrogen] all of the nitrogen it needs the nodules will not be 
formed.”
 Inoculation of the soil with special bacteria is necessary 
when soils do not contain these bacteria. “Late investigations 
have shown that the same species of bacteria will not do for 
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all legumes; so that a soil, for instance, may grow clover 
to perfection, when soy beans or alfalfa will not thrive on 
it at all. This fact explains many of the disappointments 
experienced by farmers in the trials of some of the more 
recently introduced leguminous crops.”

Photos show: (1) Root tubercles on soy bean plants. The left 
plant is inoculated and the right is uninoculated. “Tubercles 
appear only when the proper bacteria are present in the soil” 
(p. 28) 

 (2) The effect of inoculation on yield. The plant on the 
left, which is bearing many pods, came from a plot where 
all the plants had nodules on the roots. The one on the right, 

bearing almost no pods, came from a plot where practically 
none of the plants had nodules (p. 29).
 A long table titled “Fertilizing constituents of farm 
products and feeding stuffs” (p. 256-60) contains entries 
for: Soy beans, hay. Soy beans, seed. Soy beans, straw. For 
each item it gives, in pounds per 1,000 pounds: Dry matter, 
nitrogen, phosphoric acid, and potash.
 A full-page photo facing the title page shows a herd 
of dairy cows in a fi eld. The caption reads: “But the gist of 
the whole matter is this: That for an easy and economical 
method of maintaining the fertility of the soil there is nothing 
equal to the practice of dairy farming.”
 Note: Alfred Vivian was born in 1867. Address: Prof. of 
Agricultural Chemistry, College of Agriculture, Ohio State 
Univ., Columbus, Ohio.

249. Wood (T.W.) & Sons. 1908. Descriptive catalogue and 
guide for the farm & garden (Mail order, with order form). 
Richmond, Virginia. 88 p. 25 cm.
• Summary: In the section on “Seeds of Special Value” (p. 
8) is a 2-inch section in one column that states: “Ito San 
Soja Beans. This has been one of the most popular varieties 
for northern and western growing. It is two weeks earlier to 
mature than the Hollybrook Sojas, but does not make as large 
or leafy a growth. It is very productive, however, in yield of 
beans, and for early crop or for late planting, or for growing 
in districts where the seasons are shorter than in this section, 
the Ito San is of considerable value. It is similar in size, 
shape and color of beans to our Hollybrook Sojas. Price: Per 
pkt. 10 cts.; quart 20 cts.; peck 90 cts.; bushel $3.00.”
 In the section on “Seeds for the farm” (p. 81) two 
thirds of the page is devoted to “Mammoth Yellow Soja 
Beans,” “Soja Beans Inoculated,” and “Hollybrook Early 
Soja Beans.” There are two testimonial letters for Mammoth 
Yellow from: (1) R. Emmett Rogers, Nansemond County, 
Virginia (25 Oct. 1907). (2) C.A. Coppedge, Northumberland 
County, Virginia (1 March 1907). And a letter advocating 
Hollybrook from: N.E. Scales, Rowan County, North 
Carolina (22 Oct. 1905).
 An illustration shows a soybean plant in full leaf, with 
some pods in the upper left corner.
 This catalog is owned by the Smithsonian Horticulture 
Branch Library in Washington, DC. Call number: #015520. 
Address: Richmond, Virginia.

250. USDA Bureau of Plant Industry, Inventory. 1909. Seeds 
and plants imported during the period from January 1 to 
March 31, 1908. Nos. 21732 to 22510. No. 14. 64 p. Jan. 9. 
Also titled USDA Bureau of Plant Industry, Bulletin No. 137.
• Summary: Soy bean introductions: Glycine hispida 
(Moench) Maxim. [Note the fi rst use of this terminology in 
this publication.]
 21754-21757. “From Paris, France. Purchased from 
Vilmorin-Andrieux & Co. Received January 3, 1908.
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 “21754. Yellow seeded.
 “21755. Ogemaw. Extra early, brown seeded.
 “21756. Black seeded.
 “21757. Extra early, black seeded.”
 21818. “From Paris, France. Purchased from Vilmorin-
Andrieux & Co. Received January 17, 1908. Ito San. Called 
by the French, Yellow Etampes.
 21825. “From Hokkaido, Japan. Presented by Mr. K. 
Hashimoto, Kuchchau Agricultural Society, Abutagun. 
Received January 14, 1908. Amherst (?). ‘Used in 
the manufacture of “soy,” “miso,” “tifu” [tofu], etc.’ 
(Hashimoto.)”
 21830/21831. “From Hokkaido, Japan. Presented by the 
Yokohama Nursery Company, Yokohama, Japan. Received 
January 24, 1908.
 “21830. Butterball. Japanese name Akita.
 “21831. Japanese name Rumoi.”
 21946. “From Buitenzorg, Java. Presented by Dr. M. 
Treub, director of the Department of Agriculture. Received 
February 11, 1908. ‘Zwarte kadelee’” [black soybeans].
 21999. “Received through Mr. F.N. Meyer, agricultural 
explorer for this Department at the Plant Introduction 
Garden, Chico, Cal., February 12, 1908. From Boshan, 
Shantung, China. ‘(No. 799a, Sept. 18, 1907.) A rare variety 
of soy bean, sparsely grown near Boshan. Chinese name Ta 
ha tau. Used by the higher classes as a vegetable in soups.’ 
(Meyer.)”
 22311/22312. “From Shanghai, Kiangsu, China. 
Presented by Rev. J.M.W. Farnham, Chinese Tract Society. 
Received March 11, 1908.
 “22311. Black. ‘Similar to Nuttall but larger.’ (Nielsen.)
 “22312. Yellow.”
 22317-22322. “From Erfurt, Germany. Purchased from 
Haage & Schmidt [seedsmen]. Received March 16, 1908.
 “22317. Probably Butterball.
 “22318. ‘Giant Yellow.’ Probably Amherst.
 “22319. Brown.
 “22320. Samarow. Like No. 17260.
 “22321. Probably Cloud.
 “22322. ‘Early Black from Podolia [Ukraine].’ Probably 
Buckshot.”
 22333-22337. “Grown at Arlington Experimental Farm, 
Virginia, season of 1907. Received March 19, 1908.
 “22333. Baird. ‘This variety was mixed with Brownie 
when received from Pingyang [Pyongyang / P’yongyang], 
Korea. This mixture was given S.P.I. No. 6414. The two 
varieties were grown together under these numbers, 9417, 
17256, and Agrost. No. 1542, respectively. The two varieties 
were separated in the 1907 seed from Arlington Farm, and 
Baird given the above new number, Brownie remaining as 
No. 17256.’ (Nielsen).
 “22334. Flat black. ‘Received from Mr. H.B. Derr, 
Agricultural Experiment Station, Champaign, Illinois. The 
original source of the seed is not known. It is quite similar in 

growth to Nuttall, but the seed is not the same shape, being 
fl atter and larger.’ (Nielsen.)
 “22335. Yellow. ‘Received from Mr. H.B. Derr, 
Agricultural Experiment Station, Champaign, Illinois, where 
it was grown as Illinois Medium Yellow. It is very similar to 
Hollybrook, and perhaps is the same, but appears different on 
account of having been grown farther north.’ (Nielsen.)
 “22336. Guelph. ‘Received from Mr. H.B. Derr, 
Agricultural Experiment Station, Champaign, Illinois. 
Original seed was procured from the Agricultural Experiment 
Station, Wooster, Ohio.’ (Nielsen.)
 “22337. Guelph. ‘Received from Mr. H.B. Derr, 
Agricultural Experiment Station, Champaign, Illinois. 
Original seed was procured from the Agricultural Experiment 
Station, Fayetteville, Arkansas’ (Nielsen.).”
 22379-22381. “From Canton, Kwangtung [province], 
China. Presented by Dr. J.M. Swan, Cooks Hospital. 
Received March 20, 1908.
 “22379. Yellow.
 “22380. Black.
 “22381. Green mixed with yellow and a few brown.”
 22406/22407. “From Hongkong, China. Presented by 
Mr. S.T. Dunn, Botanical and Forestry Department. Received 
March 26, 1908. [Note: It is not clear whether or not they 
were ever cultivated in Hongkong. These two soybeans 
(#22406 and #22407, both black seeded) were later given the 
names “Hongkong” and “Nigra” respectively, and introduced 
to the USA in about 1910].
 “22406. Yellow.
 “22407. Black.”
 22411-22415. “From Naples, Italy. Purchased from 
Dammann & Co. Received March 25, 1908.
 “22411. Samarow.
 “22412. Black. ‘Similar to Cloud.’ (Nielsen.)
 “22413. Brown.
 “22414. Yellow. ‘Similar to Acme.’ (Nielsen.)
 “22415. Giant yellow.”
 “Glycine soja Sieb. & Zucc.” [Note the fi rst mention of 
this species.] 22428. “Grown at Arlington Farm, Virginia, 
season of 1907, under C.V.P. No. 0474. Received March, 
1908. ‘Original seed presented by the Botanic Gardens, 
Tokyo, Japan. A near relative to the soy bean, but a spreading 
or decumbent plant, abundantly provided with large root 
nodules. Has considerable promise as a cover or green 
manure crop.’ (Piper.)”
 22498-22501. “From Hangchow, Chehkiang, China. 
Presented by Dr. D. Duncan Main, through Mr. J.M.W. 
Farnham, Shanghai, China. Received March 26, 1908.
 “22498. Yellow. Similar to No. 18619.
 “22499. Yellow.
 “22500. Green. Similar to No. 17857.
 “22501. Black.”
 22503-22507. “From Yokohama, Japan. Purchased from 
L. Boehmer & Co. Received March 31, 1908. The following 
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seeds with Japanese names quoted; varietal descriptions by 
Mr. H.T. Nielsen:
 “22503. ‘Teppo Mame.’ Yellow, similar in appearance to 
Amherst, No. 17275.
 “22504. ‘Kaze Mame.’ Green.
 “22505. ‘Gogwatsu Mame.’ Yellow, similar to 
Haberlandt, No. 17271.
 “22506. ‘Maru Mame.’ Yellow.
 “22507. ‘Vieuri Lei.’ Green, similar to Yosho, No. 
17262.” Address: Washington, DC.

251. Wall Street Journal. 1909. Effects of falling prices. 
Business depression in Manchuria leads to the cultivation of 
the soya bean for export. March 15. p. 8.
• Summary: “Low ocean freights and the low price of 
silver are working some noteworthy changes in the world’s 
market. Among them is to be noted the springing up of 
some new lines of trade between the Far East and the West. 
Such trade connections are greatly encouraged by the 
high level of prices for food products, in particular in the 
United States. For instance, the industrial and commercial 
depression in the Far East has driven capital and labor to 
agricultural industries. In Manchuria, where labor is being 
more generally restored to its normal agricultural uses, the 
cultivation of the soya bean, a rich and nutritive product 
with a high oil content, has begun to bring prosperity to the 
growers and to open new sources of supplies for the seed 
crushing industries in such centers as Hull and Liverpool 
[England].
 “In the Russo-Japanese campaign in Manchuria this sort 
of food comprised about all the Japanese troops relied upon 
[sic]. Its sustaining qualities made it a favorite. As an animal 
food [feed] it is rich in albuminous and nitrogenous qualities. 
There are nineteen vessels now on their way from Dalny or 
Vladivostock [Vladivostok] with large cargoes of this bean 
for thirteen different ports of the United Kingdom. The effect 
of its presence upon the industry in question is likely to bring 
some competition with American oil-cake, which is produced 
from cotton seed. The bean is not, however, a stranger to 
American agriculture. Many of the best southern plantations 
look upon its use as one of the most helpful plants in 
restoring the soil to fertility on account of its power to absorb 
nitrogen from the air without impoverishing [sic] the land in 
the process as many other seeds do.”
 Note: Only legumes collect nitrogen from the air. More 
precisely, it is bacteria in the root nodules of legumes that 
gather the nitrogen. None of them impoverishes the land in 
the process; rather, the nitrogen enriches the soil. Only non-
leguminous plants (such as cotton or corn) impoverish the 
soil by withdrawing minerals (esp. nitrogen, potassium, and 
phosphorus) from it.

252. Stevens, F.D. 1909. Re: Request for seed for testing. 
Letter to Prof. C.V. Piper, Dep. of Agriculture, Washington, 

DC, March 27. 2 p. Handwritten, with signature on 
letterhead.
• Summary: “My dear Prof. Piper: I am in receipt of your 
letter relative to Soybeans and wish to thank you for your 
generous offer. I have 6 acres now in oats & H. vetch. This 
will be cut for hay and the land plowed and in shape by May 
28th. So my planting of Soys will be about June 15th. Land 
grades from black bottom to medium red Shelley soil. I 
would prefer to take the black Bottom land for this test. Last 
year I tried Ito San and Mammoth Yellow (planted after oats 
on poor land June 3rd). The Mammoth did very well, Ito San 
Practically nothing. This failure may have been due to rather 
late planting date. Seed did not germinate, only a few Ito 
San showing here and there. The land was very poor of ashy 
color.
 “I could handle the 20 varieties very nicely, broadcasting 
them on 1/10 acre plots. I could devote at least 1 acre to row 
tests for seed. Have soil in which Mammoth set numerous 
tubercules last year with which to inoculate. You are right in 
stating that 20 varieties will be enough. Directing niggers in 
practical work and trying to keep full notes are two things 
that do not work well together.
 “The ten varieties of alfalfa arrived yesterday and were 
seeded today. I shall let you know what they will do for me.
 “Soy Beans 20 varieties–alfalfa 10 varieties–cotton 10 
or 12 races or strains–to be tested will make a very good 
showing for variety tests, and my fertilizer tests cannot 
suffer.
 “I note you are to furnish Prof. Duggar with a larger 
number of varieties of Soybeans. I have read his papers 
with much interest tho [sic] have never met him. Came near 
stopping at Auburn when came here to confer with him 
but felt couldn’t spare the time. At the fi rst board meeting 
I learned I was to ‘go it alone’ here, and was surprised at 
the action but determined to do the best I could under the 
circumstances, and let the board take such action on their 
own shoulders. I realize that probably much more could be 
accomplished however had someone been left here to advise 
with.
 “Thanking you for your kindness I am
 “Yours very truly, F.D. Stevens.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence with State 
Agricultural Experiment Stations, 1899-1928. Alabama. Box 
no. 1.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Director and Secretary, 
Canebrake Agricultural Experiment Station, Uniontown, 
Alabama.

253. King, F.C. 1909. Pastures for hogs. Missouri State 
Board of Agriculture, Monthly Bulletin 7(5):1-36. May. See 
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p. 34.
• Summary: “Soybeans: A crop that should be given more 
attention by the farmers is soy beans. This plant is of the 
cowpea family, and differs from it in only a few particulars. 
It has not, however, become so widely used in this State as 
cowpeas, probably because it has to be inoculated before 
it will enrich the soil or grow to the best advantage. At the 
Missouri Experiment Station, soybeans have given good 
results, and the indications are that they can be grown in 
all localities of this state. They furnish more seed than 
cowpeas, but not so much forage, so for hogging down they 
are somewhat superior to cowpeas on account of the greater 
amount of seed produced. The general directions for seeding, 
pasturing, etc., are the same as for cowpeas. This forage 
has been found very profi table in southern Illinois, Indiana 
and Kansas, where it is being grown extensively as a hog 
feed. Numerous trials at different places in these states have 
proven that soy beans are one of the best forages that they 
can grow. There should be more attention paid to this plant in 
Missouri.”
 Note: This is the earliest English-language document 
seen (Oct. 2012) that mentions “hogging down” of soybeans. 
Address: Livestock Asst., Columbia, Missouri.

254. Piper, C.V. 1909. Re: The chapter on inoculation. 
Letter (memorandum) to Mr. Westgate, Dep. of Agriculture, 
Washington, DC, July 3. 1 p. Typed, with signature on 
letterhead.
• Summary: Dear Mr. Westgate: Attached fi nd the chapter 
on inoculation of the Soy Bean Bulletin to replace that in the 
manuscript in Mr. Rockwell’s possession. Will you kindly 
see that this is substituted for the original. I have not heard 
from Kellerman, to whom I sent a copy of this, but presume 
that it will be satisfactory.
 “Yours very truly, Agrostologist.
 (Chapter attached).”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 107.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist.

255. Acting Agrostologist [Westgate?]. 1909. Re: 
Inoculation chapter in Soy Bean Bulletin. Letter to Prof. 
C.V. Piper [Head, Bureau of Plant Industry, USDA], Seattle, 
Washington, July 6. 1 p. Typed, without signature (carbon 
copy).
• Summary: “Dear Professor Piper: I enclose herewith 
a copy of the inoculation chapter as fi nally agreed on by 
Mr. Kellerman and myself. The few changes made by Mr. 
Kellerman are, I think, merely in the interest of clearness.
 “Yours very truly, Acting Agrostologist.

 “(Enclosure).”
 Note: The “Acting Agrostologist” could not be H.T. 
Nielsen, since he had already left USDA by 7 Feb. 1909.
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 107.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Acting Agrostologist.

256. Agricultural News (Barbados). 1909. The soy bean. 
July 10. p. 222. [1 ref]
• Summary: The article begins: “The Acting Government 
Chemist and Superintendent of Agriculture for the Leeward 
Islands, has sent in the accompanying article on the soy bean, 
its characteristics, and methods of cultivation, which has 
been prepared by Mr. G. A. Jones, Acting Science Master at 
the Antigua Grammar School.”
 In his article, Mr. Jones gives a brief history of the soy 
bean, states that it is often incorrectly called the ‘sojah bean,’ 
discusses varieties, cultivation, nutritional composition, 
and the ability to obtain “nitrogen from the air, through the 
agency of the tubercle-forming bacteria that dwell in the 
roots of the plants.”
 He concludes: “When the soy bean, or any other bean 
or pea, is introduced for the fi rst time into a locality, it does 
not always form root tubercules owing to the absence of the 
tubercule organism from the soil. The beans should be grown 
several times on the same land until these tubercules appear... 
No doubt this will account for the small growth of bush 
which this crop is recorded to have produced at the Botanic 
Station and several estates in Antigua and other West Indian 
islands.
 “It is hoped that every effort will be made to ensure that 
this plant, which has proved such a valuable crop in many 
other countries, may be established in the West Indies.”
 Note 3. Webster’s New Geographical Dictionary (1988) 
defi nes Antigua as an island (108 square miles) in the eastern 
part of the Leeward Islands, in the eastern West Indies, 
5,260 miles southeast of Puerto Rico. Together with Barbuda 
and Redonda Island it constitutes the independent state of 
Antigua and Barbuda (171 square miles).

257. Piper, Charles V.; Nielsen, H.T. 1909. Soy beans. 
Farmers’ Bulletin (USDA) No. 372. 26 p. Oct. 7. Revised in 
1916. [10 ref]
• Summary: Contents: Introduction. Climatic and soil 
requirements of soy beans. Varieties of soy beans (12): 
Mammoth (yellow); Hollybrook (yellow); Ito San (yellow); 
Guelph (green); Buckshot (black); Ogemaw (brown); 
Wisconsin Black; Wilson (black); Meyer (mottled black 
and brown); Austin (greenish yellow); Haberlandt (yellow); 
Riceland (black). The culture and planting of soy beans. The 
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inoculation of soy beans. Soy beans for hay: Curing the hay. 
Soy beans for pasturage. Soy beans in mixture: Soy beans 
and cowpeas, soy beans and sorgo, soy beans and millet, soy 
beans and corn. Soy beans for ensilage. Soy beans for grain. 
Soy beans in rotations. Feeding value of soy beans: Feeding 
value for sheep, feeding value for dairy cows, feeding value 
for hogs. Storing soy-bean seed. Comparison of soy-bean 
grain and cotton-seed meal. Comparison of soy beans and 
cowpeas. Summary.
 The bulletin begins: “The soy bean, also called the 
‘soja bean’ (fi g. 1), is a native of southeastern Asia, and has 
been extensively cultivated in Japan, China, and India since 
ancient times. Upward of two hundred varieties are grown 
in these countries, practically every district of which has 
its own distinct varieties. The beans are there grown almost 
entirely for human food, being prepared for consumption 
in many different ways. Their fl avor, however, does not 
commend them to Caucasian appetites and thus far they have 

found but small favor as human food in either Europe or 
America.
 “As a forage crop, however, soy beans have become 
of increasing importance in parts of the United States, 
especially southward. They have been tested at most of the 
State agricultural experiment stations, and it is clear that 
their region of maximum importance will be south of the 
red clover area and in sections where alfalfa can not be 
grown successfully. They thus compete principally with 
cowpeas, but as cultivation is usually required they fi ll a 
somewhat different agricultural need. Their culture has 
greatly increased in recent years, especially in Tennessee, 
North Carolina, Virginia, Maryland, Kentucky, and the 
southern parts of Illinois and Indiana [though no statistics 
are given]. It seems certain that the crop will become one 
of great importance in the regions mentioned and probably 
over a much wider area. The earlier varieties mature even in 
Minnesota, Ontario [Canada], and Massachusetts.”
 “Soy beans are also decidedly drought resistant, much 
more so than cowpeas, and but for the depredations of 
rabbits would be a valuable crop for the semiarid West. 
Rabbits are exceedingly fond of the foliage, and where they 
are numerous it is nearly useless to plant soy beans unless 
the fi eld can be inclosed [sic] with rabbit-proof fencing.”
 At the present time seven varieties of soy beans are 
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handled by American seedsmen: Mammoth (yellow seeds), 
Hollybrook (yellow), Ito San (yellow), Guelph (also called 
Medium Green, Medium Early Green, Large Medium 
Green), Buckshot (black; a very early variety handled by 
northern seedsmen), Ogemaw (brown), and Wisconsin 
Black. A detailed description, with a photo showing the seeds 
and pods, is given of each. The best of the new varieties, 
most of which will be available in 1910, are: Wilson (black), 
Meyer (mottled black and brown), Austin (yellowish green), 
Haberlandt (yellow; the seed is considerably larger than that 
of any of the other yellow-seeded varieties), and Riceland 
(black).
 “During the past three years more than two hundred 
additional varieties have been introduced from China, Japan, 
and India, most of which have already been suffi ciently 
tested to give some idea of their value. Many of the new 
varieties are so superior in various respects that they are 
certain to replace all of the above-named varieties except 
Mammoth and, perhaps, Ito San.”
 A table (p. 23) gives a nutritional analysis of seven 
varieties of soy beans: Austin, Ito San, Kingston, Mammoth, 
Guelph, Medium Yellow, Samarow.
 Illustrations (line drawings) show: (1) A typical soy-
bean plant with leaves, pods, roots and nodules (p. 5, by 
Boetcher).
 (2) A bunching attachment on an ordinary mower for 
bean harvesting (p. 19). Photos show: (1) A plant of the 
Mammoth variety of soy bean (p. 6). (2) Seeds and pods 
of seven varieties of soy beans (full size; p. 8). (3) A man 
standing in a fi eld of the Mammoth variety of soy bean in 
North Carolina (p. 9).
 (4) Roots of a Mammoth variety of soy bean with 
characteristic nodules (p. 13).
 Note 1. This is the earliest document seen (Nov. 2016) 
stating that USDA has tested nearly 200 soy bean varieties 
during the past three years.
 Note 2. This is the earliest publication seen (April 1917) 
in which H.T. Nielsen is an author.
 Note 3. This is the earliest publication seen about 
soybeans (April 1917) in which H.T. Nielsen is an author. 
Address: 1. Agrostologist in Charge; 2. Scientifi c Asst. Both: 
Forage Crop Investigations, USDA Bureau of Plant Industry, 
Washington, DC.

258. Edie, E.S. 1909. Cultivation and uses of soya beans. 
Liverpool University, Institute of Commercial Research in 
the Tropics, Bulletin 1(1):1-7. Oct. 8. [1 ref]
• Summary: An excellent article. Contents: Introduction. 
Uses of the soya bean: Forage, hay, ensilage, soya oil, soya 
milk, a type of cheese made from soymilk [tofu], soya meal 
[fl our]; use of soya bean oil for soap, illumination, paints and 
other industrial products, soya bean meal used as a fertilizer 
on Chinese sugar plantations, soya beans as a legume for 
enriching the soil with nitrogen, planting between rows of 
maize. Cultivation of soya beans. Varieties of soya beans.
 “The Soya bean (Glycine hispida) is a native of South-
eastern Asia, where it has been cultivated for centuries 
in China and Japan. It was introduced at a later period 
into India, and arrived in England towards the end of the 
eighteenth century. A considerable number of experiments 
were carried out with the plant were carried out in Austria 
about thirty years ago, but it is only quite recently that it has 
become an article of commercial importance in Europe.”
 After discussing uses as hay and silage: “It is in the bean 
itself, however, that the chief value of the Soya plant lies. As 
food for man and domestic animals it is used to a very large 
extent in the East. In some parts of China the bean forms 
one of the staple articles of food, and it is cooked much as 
beans and marrowfat peas are, and also in soups and other 
forms. The oil is used largely for making salads and sauces, 
and is also mixed with fl our in the manufacture of cakes. Mr. 
Turner tells me that the Chinese extract casein from the bean, 
and I have also seen this stated elsewhere.
 “A liquid closely resembling cow’s milk is prepared 
from Soya beans in Japan.” The process is described. “This 
condensed product is of considerable value as a food, but it 
is unsuitable for the use of infants. This “Soya Milk” is also 
used in the preparation of a kind of cheese” [tofu]. Note 1. 
This is the earliest English-language document seen (Aug. 
2013) that contains the term “Soya milk.”
 “Soya bean meal is now use in the manufacture of 
biscuits, and for mixing with fl our for making brown bread 
in this country. In some parts of the Continent Soya meal is 
now being used in preference to rye meal for making bread.”
 “One of the most valuable products of the Soya plant 
is the oil. As mentioned before, it is used largely for eating 
purposes in the East, and Mr. Turner tells me that on the 
Continent a greater percentage of Soya oil than of Copra oil 
is allowed in the manufacture of margarine.
 “Soya oil is largely used for soap making in the East, 
and I understand that it has recently been tried with very 
good results in this country also.
 “As a considerable proportion of oil is left behind in the 
cake after expression of the oil, it may be more profi table to 
extract the oil by solvents such as naphtha and use it all for 
manufacturing purposes, as extraction by means of naphtha 
renders the oil unsuitable for edible purposes.
 “In the East Soya bean oil is used as an illuminant 
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and also in the manufacture of paints. The oil has a 
comparatively high iodine value, which is an index of the 
drying quality of an oil of that class.” Note 2. This is the 
earliest English-language document seen (Sept. 2016) which 
states that soya oil can be used in paints (or other coatings) in 
connection with its iodine number.
 Cultivation: “Recently the question of raising this crop 
in various British colonies has been discussed. In most of 
the African colonies, including West Africa, the Soya bean 
would probably be successfully grown, and in rotation with, 
or along with maize and other crops, its cultivation would 
be a very profi table investment. I have seen samples of 
Soya beans at least three years old, which showed no signs 
of weevilling or deterioration in any way. Cargoes of the 
beans shipped from Vladivostock [Vladivostok] and Dalny 
to Hull and Liverpool are stated to have arrived in perfect 
condition.”
 Varieties: A table (p. 6) gives a nutritional analysis by 
S.H. Collins of “a sample of Chinese yellow Soya beans.” 
Moisture: 10.23%. Oil 15.62%. Albuminoids 37.54%. 
Carbohydrates 27.27%. Woody fi bre 5.02%. Ash 4.32%.
 “I have analysed samples of fi ve distinct varieties of 
Soya beans, some of which were obtained from the shop of 
a Chinaman who sells them to the Chinese in Liverpool for 
food. I do not, of course, know the age of the samples, nor 
their source...” After describing the shape and color (2 green, 
2 brown, 1 black) of each, and noting that No. 4 came from 
Hong-Kong, he gives a nutritional analysis of each in tabular 
form, and the weight of 20 seeds of each in grams.
 “In conclusion I have to thank Mr. A. Grenville Turner, 
Grain and Seed Broker, member of the Liverpool Corn Trade 
Association, for much valuable information regarding the 
Soya beans and for his kindness in obtaining samples for 
me. I am also largely indebted to an excellent article on Soya 
beans in the Natal Agricultural Journal, November, 1908.
 “Since the above was written I have been enabled, 
through the kindness of Sir Alfred Jones, to analyse a sample 
of yellow Soya beans grown in West Africa from seed sent 
out by him early this summer.” A table shows the analysis. 
Moisture: 10.52%. Oil 17.26%. Albuminoids 36.05%. 
Carbohydrates 26.16%. Woody fi bre 5.39%. Ash 4.62%.
 “The results show that in the fi rst season at least the 
Soya bean underwent no deterioration in West Africa, and 
the plants also came rapidly to maturity.”
 Also published in 1909 as a 7-page booklet by C. 
Tinling & Co., Liverpool. Also published in 1911 Spanish 
by: Mexico. Ministerio de Fomento, Colonización e 
Industria under the title “Explotación de la soya,” by E.S. 
Edic [sic, Edie]. The last line of the article seems to say 
that the author is at the central agricultural station (Estación 
Agrícola Central).–San Jacinto [probably in or near Mexico 
City], January 1911. Address: M.A., B.Sc, Liverpool Univ.

259. Wildeman, É. de. 1909. Le soja [The soybean]. 

Agronomie Tropicale; Organe Mensuel de la Societe 
d’Etudes d’Agriculture Tropicale 1(12):195-200. Dec. 25; 
2(1&2):5-8. Jan/Feb. 1910. [10 ref. Fre]
• Summary: An overview of the subject, including a brief 
history, based largely on a summary of about ten documents. 
It begins: “For some years now, attention has been drawn 
to the soybean (Soja hispida (Mönch) or Glycine hispida 
(Max.)), which comes from Manchuria; its products are now 
used in various ways in our daily lives.”
 “It is not a question of exhausting the question, but as 
the Bulletin of the Imperial Institute of London has already 
devoted several articles to this plant this year and that the 
fi rst part of vol. I of the Liverpool University, Institute of 
Commercial Research in the Tropics, Bulletin [Edie, 8 Oct. 
1909] is entirely devoted to it, it appeared useful to us to 
insist here on the soybean which would also have a certain 
importance for our colonies.”
 This legume originated in Southeast Asia, and has 
been cultivated for centuries in China and Japan. It is 
now abundant throughout Manchuria, where the seeds are 
widely appreciated for their nutritive value. It was later 
introduced into the Indies (l’Inde) and arrived in England 
at the end of the 18th century. About 30 years, it was the 
subject of numerous trials [by Haberlandt and co-workers] in 
Austria, but is only recently that it has become an article of 
commercial importance in Europe.
 “The occupation of Northern Manchuria by Russian 
troops, during the Russo-Japanese War, gave rise to 
numerous demands for this bean, which stimulated the 
extension of [its] agriculture. After the departure of the 
troops, the local demand fell naturally, and it was necessary 
to fi nd an outlet in foreign markets. From 1906 to 1908, a 
large part of the products of N. Manchuria were exported 
to Japan via Vladivostok, but in 1908 the economic crisis 
of Japan diverted a part of these products to Europe, 
which actually received large quantities of soybeans, 
especially in England. The fi rst large shipment of soybeans 
contained 5,200 tonnes (metric tons) and arrived at Hull 
on 2 March 1909. The beans arrived at the destination in 
perfect condition despite the distance. They were classed in 
three categories: 1. Shipped from Dalny; 2. Shipped from 
Vladivostock; and 3. Shipped from Hankow. The value of 
those in category No. 1 is about £6 8s./tonne [metric ton]; 
those in No. 2 and No. 3 is about £6 6s./tonne, these prices 
being, naturally, subject to the fl uctuations of the market. 
Most imported beans are monopolized by the manufacturers 
of oil who obtain 10-18% of the weight of the beans in 
oil. [The remaining] oilcake can be used in the feed of 
livestock.”
 There follows a long discussion of soybean cultivation 
and production, including soils, fertilizers, nitrogen fi xation 
by root nodules, planting, intercropping, yields of forage and 
seed, use as silage, soil restoration, soybean varieties, tables 
showing the chemical composition of the plant and seeds 
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showing their excellent nutritional value.
 “Until recently, soybean cultivation has been confi ned 
to Asia and some states of the USA. Recently, the question 
of cultivating this plant in the various British colonies has 
been raised. In most of the colonies of West Africa, the 
soybean could probably be cultivated with success in rotation 
or mixed with maize or other crops, and give signifi cant 
yields.”
 “In China, Japan, and Indo-China the seeds are used to 
prepare a sort of milky liquid (liquide lactescent) [soymilk] 
and a sort of cheese” [tofu]. A brief description of each 
process is given. The milk has considerable nutritional value 
“but is not suited for infants.”
 “The fl our of soybeans (La farine de fèves de soja) is 
used to make biscuits, and, mixed with wheat fl our, is used 
to make a brown bread; it is sometimes even preferred in 
this application to rye fl our. Since it contains neither sugar 
nor starch, the soybean has been recommended as the basis 
of diabetic diets.” Address: Prof., School of Horticulture, 
Vilvoorde, Belgium (Professeur au Cors colonial de l’École 
d’Horticulture de Vilvorde).

260. Fred, Edwin B. 1909. Results obtained from inoculating 
soy beans with artifi cial cultures. Virginia Agricultural 
Experiment Station, Annual Report. p. 130-31. For the year 
1908.
• Summary: “Very marked results have been obtained by 
the use of artifi cial cultures of inoculating material. On 
the Experiment Station Plats inoculated soy beans yielded 
an increase of one ton of hay and ten bushels of seed per 
acre more than a similar plat of soy beans that were not 
inoculated.”
 A photo (p. 131) shows a comparison of typical plants 
with roots from inoculated and uninoculated plats of soy 
beans.
 A table on the same page, titled “A comparison of the 
results of Inoculated and Uninoculated soy beans (1908)” 
shows that the increase of inoculated soy beans after Ito San 
Yellow soy beans is 0.3 tons of hay per acre and 3.34 bushels 
of seed per acre. Address: Asst. Bacteriologist.

261. Piper, C.V. 1909. The search for new leguminous forage 
crops: Adzuki bean (Document part). Yearbook of the United 
States Department of Agriculture. p. 245-60. For the year 
1908. See p. 253-54.
• Summary: “The adzuki bean (Phaseolus angularis) is a 
native of southeastern Asia, being largely grown for human 
food in China and Japan, and to a less extent in India. The 
plant is erect growing, leafy, and strictly ‘bunch’ in habit, 
growing 1 to 3 feet in height according to variety and soil. 
It possesses root tubercles in great numbers and is probably 
very effi cient as a nitrogen gatherer. The numerous varieties 
are distinguished most markedly by their different times 
of maturity and by the color of the seeds, which may be 

yellow, brown, red, gray, or variously mottled. For several 
years this plant has been tested as a hay plant, but it does 
not possess suffi cient ability to fi ght weeds to enable it to 
compete with the cowpea. When grown in cultivated rows, 
however, it has produced very heavy crops of seed, up to 40 
bushels per acre on the relatively poor soils of the Arlington 
Experimental Farm [in Virginia], a yield that is not exceeded 
even by the soy bean. It is somewhat doubtful whether 
this bean will become popular in this country as human 
food. On account of the high yield of grain per acre it will 
doubtless become valuable as stock feed, as no other legume, 
with the exception of the soy bean, will yield larger seed 
crops.” Address: Agrostologist in Charge of Forage Crop 
Investigations, Bureau of Plant Industry [USDA].

262. Wing, Joseph E. 1909. Alfalfa farming in America. 
Chicago, Illinois: Sanders Publishing Co. 480 p. See p. 160. 
Index. 21 cm. [5 ref]
• Summary: The frontispiece (facing the title page) shows a 
portrait of Joseph E. Wing as a fairly young man. This is an 
excellent, detailed book. The lengthy introduction (p. 3-45) 
tells the story of how he discovered alfalfa, and its many 
benefi ts to agriculture. It begins: “In March, 1886, the writer, 
a tall awkward young man fresh from the fi elds of Ohio, was 
traveling by rail through Utah. Near Provo he began to see 
snug farms with trees, meadows, orchards, granaries, and 
haystacks.”
 The green hay in the stacks was freshly cut lucern, or 
alfalfa, which had not spread much east of the valleys of 
Utah. Lucern was the old European word, whereas alfalfa 
was the Spanish word that had come with the crop from Chili 
[Chile] to California. He learned that alfalfa was taken to 
Latin America from Europe (mainly Spain). It came to the 
western United States from Chili by way of California in 
1851–during the Gold Rush.
 Next the boy lived for a time in Salt Lake City and cared 
for his uncle’s cow. She was fed on alfalfa and gave large 
amounts of milk. Then he worked on a cattle ranch along the 
Green River, where it meets the Price River in Utah. There 
he learned more about alfalfa.” Includes long chapters on 
history (p. 46-77), varieties (p. 78-83), habit of growth (p. 
84-96) etc. Joe Wing pioneered the introduction of alfalfa to 
Ohio and the Midwest.
 In the chapter titled “Manures and humus in soil” (p. 
150-75) are sections on cowpeas (the pea vines smother 
weeds), turning under green cowpeas, the soy bean, crimson 
clover, and melilotus or sweet clover. The section on “The 
soy bean” states (p. 160-61): “An easier crop to grow than 
the cowpea is the soy bean, and it is also a soil enricher and 
affords much humus when turned under. Soy beans are of 
many sorts. The large growing kinds, like the Mammoth 
Yellow, make the most vegetation for turning under, while 
the smaller growing sorts make most seed in northern 
latitudes... To get a money crop out of soy beans and yet 
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have a lot of humus-making material is easy. One does it 
with hogs, turning them in after the bean crop is mature 
and letting them harvest the beans. Afterward the stems 
remaining with many leaves will be plowed down.
 “Soy beans respond well to fertilization with phosphatic 
fertilizers. The larger grows the soil-building crop, whether 
of soy beans, cowpeas, crimson clover or anything else, 
the larger the alfalfa will grow after it. Therefore fertilizer 
applied to the cover crop is all to the good.”
 Alfalfa (Medicago sativa) is a deep-rooted European 
leguminous plant grown for hay and forage. Originating in 
Italy, it has two names in English. The older name “lucerne” 
or “lucern,” still the plant’s main name in British English, 
derives from the French luzerne and comes from a river 
valley in northern Italy; it was fi rst used in English in 1626. 
The newer name, alfalfa (fi rst used in 1845) comes from 
the Spanish, and is a modifi cation of the Arabic dialect al-
fasfasah the alfalfa.
 Cow’s who eat alfalfa, give abundant milk. It is easy to 
grow, but the soil must be inoculated the fi rst time it is grown 
in a new fi eld. Immediately after harvest, it is piled in big 
cocks and left there to dry.
 Joe Wing returned home just before Christmas, 1889, 
and his aging father offered him the run-down family farm 
named Woodland Farm (p. 17-21). He hesitated, then decided 
to try an experiment. After some temporary setbacks, he 
found that alfalfa also grew well in Ohio. After years of hard 
work, he made the family farm profi table. He soon came to 
believe that alfalfa, fed to lambs, and grown with corn, could 
rejuvenate old farms in the Midwest. Most Midwestern crops 
are “affected vastly by the vicissitudes of the weather. Alfalfa 
once rooted in dry rich soil has the permanence of the wild 
native things.” The deep roots were unaffected by drouths. 
Manure from the lambs was used to fertilize the fi elds. Joe 
Wing soon devoted his life to sharing what he had learned 
about alfalfa with other farmers in the Midwest.
 “These two crops, corn and alfalfa, constitute almost 
all that is grown on Woodland Farm, excepting a few 
acres of soy beans and the blue grass pastures,...” (p. 44). 
Address: Staff Correspondent of The Breeder’s Gazette, 
[Mechanicsburg, Ohio].

263. Piper, C.V. 1910. Re: Asks for quotations from various 
sources on varieties of soybeans. Letter (memorandum) to 
Mr. Estabrook, Dep. of Agriculture, Washington, DC, Jan. 
18. 1 p. Typed, with signature on letterhead.
• Summary: Dear Mr. Estabrook: I have just asked for 
quotations from various sources on varieties of soybeans, 
and will be able to give you specifi c advice regarding those 
for Congressional distribution within a very short time.
 “In regard to cowpeas, kindly ascertain whether 
the amounts already secured from Mr. Callender will be 
suffi cient. It occurs to me that maybe this money can be put 
into other seed to better advantage.

 “Yours very truly, Agrostologist.”
 Handwritten below signature: “Estimated requirements: 
7500 lbs.
 “Purchased to Jan. 19: 5935 lbs.
 “Defi cit: 1565 lbs.
 “Mr. Callender thinks 5935 lbs, will probably be 
suffi cient and suggests further postponement of action. LMS 
[?].”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 107.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist, USDA Bureau of 
Plant Industry, Forage Crop Investigations.

264. Lipman, Jacob G. 1910. Tests of commercial cultures 
for soil inoculation. New Jersey Agricultural Experiment 
Station, Bulletin No. 227. 23 p. Jan. 28. [2 ref]
• Summary: The products tested were Farmogerm lupine 
culture (Earp-Thomas Co., Bloomfi eld, New Jersey); 
Nitragin (Dr. Reiche Nitragin Co., Milwaukee, Wisconsin); 
Nitro-Culture / Nitro Culture for Soy Bean (Ontario Agric. 
College, Canada). Three separate photos (p. 6-7) show a 
bottle, with legible label, of each culture.
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 In 1886 a solid 
foundation was fi rst 
established for the old 
practice of soil inoculation. 
“In that year it was 
defi nitively demonstrated by 
German investigators why 
the clovers, vetches, lupines, 
and alfalfa and other legumes 
were so highly esteemed 
by the ancients as soil-
improving crops.” In 1887 
“a number of investigators 
and farmers in Germany 
began to use old legume 
earth in establishing new 
fi elds of lupines, seradella 
[serradella], alfalfa, clover 
and... soy beans” (p. 3-5).
 “The commercial 
possibilities of pure 
cultures for the inoculation 
of legumes were fi rst 
appreciated in Germany 
about 15 years ago. Under 
the name of ‘Nitragin’ such 
cultures were placed on the 

market in 1895 and 1896. 
The practical tests of these 
cultures soon demonstrated 
their unreliability and their 
preparation was therefore 
abandoned for a time. Another 
method for preparing and 
distributing cultures was 
elaborated by the [U.S.] 
Department of Agriculture 
in Washington [DC] in 1904. 
Also this method was shown 
to be entirely unsatisfactory 
and their commercial 
preparation was discontinued. 
More recently two other 
commercial preparations for 
the inoculation of legumes 
have appeared in this 
country:” Farmogerm and 
Nitragin (p. 6).
 Pot and plot experiments 
in 1909 showed that 
Farmogerm and Nitragin 
cultures contain large numbers 

of vigorous bacteria. However Farmogerm lupine culture 
failed to inoculate soy beans. Nitragin was not tested on soy 

beans. Tests of Nitragin cultures for cowpeas on different 
soils in different parts of New Jersey gave positive results in 
three out of four cases.
 “The experiments recorded here show that on soils 
properly supplied with moisture, lime, phosphates and 
potash, the commercial cultures, Farmogerm and Nitragin, 
are capable of increasing the yields of such leguminous crops 
as had not been previously grown on the land.”
 Note: This is the 2nd earliest document seen (Aug. 
2018) that mentions “Farmogerm” in connection with 
legume inoculation or soy beans; by 1915 it was used 
successfully to inoculate soy beans. Address: Ph.D., Soil 
Chemist and Bacteriologist [New Brunswick, New Jersey].

265. Ames, A.F. 1910. Corn fodder at the south (Letter to the 
editor). Rural New-Yorker 69(4031):120. Jan. 29. Oversize.
• Summary: “I am much pleased to see Prof. Massey’s 
change of base on the method of raising corn fodder in the 
South, as shown by his article Corn Fodder vs. Corn Stover’ 
on page 1102. I am a Northern man who has lived south 
22 years. I have followed both methods of saving fodder. 
I generally fi nd it best for a new comer to copy the local 
methods at fi rst, and experiment lightly with new methods.”
 “... the fi nest crop of peas grown in this country was 
grown on poor land broadcast, but the land had a good 
application of barnyard manure. I believe that it is not 
necessary to inoculate for Soy beans or peanuts on land that 
has grown cow peas; at least it has not been with me, the 
roots of both plants being literally covered with nodules, 
those on the Soy bean often being as large as a Canada pea. 
I believe for the three above crops basic slag is the best form 
of phosphoric acid. I grow cover crops everywhere and hope 
in a few years to get along without buying nitrogen, but 
cannot do it yet.
 “A.F. Ames, North Carolina.” Address: North Carolina.

266. Biffen, Walter. 1910. The growth of leguminous crops 
and soil inoculation. West Indian Bulletin 10(1):93-106.
• Summary: This British periodical is described on the 
title pages as: “The Journal of the Imperial Department of 
Agriculture of the West Indies.” “Head Offi ce–Barbados.” 
This article provides a clear synoposis of the history (prior to 
1910) of work to develop a practical and satisfactory method 
of legume inoculation by the use of pure cultures.
 “The fact that the growth of leguminous crops, as peas, 
beans, clover, etc., instead of diminishing the fertility of 
the land, often resulted in an increase of its crop-yielding 
capacity, was known and acted upon by practical workers 
in agriculture from early times, although it is only within 
comparatively recent years that any reason was brought 
forward which accounts satisfactorily for the matter.
 “In the eighteenth, and greater part of the nineteenth 
centuries, while leguminous crops were frequently included 
in farm rotations in European countries, opinions differed 
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as to the actual way in which these plants were able to make 
such good growth–often without the aid of any nitrogenous 
manure–and at the same time to leave the land in such a 
condition that highly satisfactory returns were obtained from 
a succeeding cereal crop. By many it was thought that this 
was explained by the deep-rooting habit of the legumes, 
which enabled them to tap resources of moisture and food in 
lower strata of the soil, untouched by other plants. Liebig, a 
well-known agricultural chemist, brought forward the theory 
that clover and other broad-leaved plants were able to obtain 
considerable supplies of nitrogen from the air, this nitrogen 
being absorbed not in the elementary state, but in the form 
of ammonia and other compounds, which exist in small 
quantity in the atmosphere.
 “The means by which plants obtain the nitrogen 
necessary for their growth, and the proportion between the 
quantity of nitrogen supplied in the manure and that removed 
in the resulting crop, were investigated by Boussingault, 
a French experimenter, about the middle of the nineteenth 
century. Boussingault weighed and analysed the crops 
produced on his own farm during six separate courses of 
rotation (all of which included a legume crop). As a result, 
he found that, on the whole, from one-third to one-half more 
nitrogen was removed in the produce than was supplied in 
the manure. He further observed that the excess of nitrogen 
in the crop over that provided in the fertilizer was especially 
great in the case of a leguminous crop. This naturally pointed 
to the conclusion that the known value of clover, peas, and 
other plants of this family, was due to a power possessed by 
them of enriching the soil with nitrogen obtained from some 
outside source, most probably the air.
 “Further experiments carried out by Boussingault, 
however, and also experimental work conducted by Lawes 
and Gilbert at Rothamsted in England, not only with 
legumes, but with plants of other families as well, failed 
to substantiate the growing belief that the free nitrogen of 
the atmosphere was available as food for growing plants 
of any family. As a result, the matter rested for a time, 
until new investigations carried on in Europe and America, 
reopened the question, and about the year 1883 evidence was 
brought forward which was suffi cient to prove that plants 
of the legume family, under certain conditions, are capable 
of utilizing the free nitrogen of the air as a source of food 
supply.
 “Among the many investigators of this question were 
two Germans, Messrs. Hellriegel and Wilfarth, to whom 
belong the credit of clearing up the whole matter of nitrogen 
assimilation by leguminous plants. In experiments conducted 
by these two scientists, the medium of cultivation employed 
consisted of sterile sand, in which were planted the seeds 
of plants belonging to different botanical families. The 
necessary plant food was supplied in the form of nutrient 
solutions. Mineral plant food was given in all cases, but it 
was observed that when combined nitrogen was withheld, 

all the seedlings of plants belonging to orders other than the 
Leguminosae died from starvation as soon as the nitrogen 
contained in the seed was used up. By far the greater number 
of the legumes (peas) grown, died at the same stage, but it 
was noted that one or two pea seedlings recovered and made 
good growth, despite the absence of combined nitrogen. In 
such cases, examination always showed that the roots of 
the plant were set with little nodules, which, it was known, 
are generally characteristic of the growth of legumes under 
normal conditions in the fi eld. No nodules could be found 
on the roots of the plants which died. A further series of 
experiments was then started, in which pea plants, grown in 
sterile sand, were all fed with solutions of mineral plant food, 
but to some were added, in addition, just at the stage when 
the seedlings were dying of nitrogen hunger, small quantities 
of a watery extract of ordinary fertile soil. As a result, the 
young plants so treated recovered and grew to maturity, 
their roots in every case developing nodules similar to those 
already referred to.
 “Hellriegel and Wilfarth were, therefore, bound to 
conclude that the power possessed by peas and other 
leguminous plants of appropriating free nitrogen from the 
air, and utilizing it in building up their own tissues, was 
dependent upon the formation of nodules upon the roots 
of these plants. The experiments in which the addition of 
watery extracts of fertile soil resulted in the revival and 
renewed growth of the seedlings previously dying from 
nitrogen starvation, led further to the belief that the nodules 
themselves were due to inoculation of the soil–and hence of 
the roots of the plants–with some species of microorganism. 
Other investigators, notably Lawes and Gilbert, confi rmed 
the work of Hellriegel and Wilfarth, the results of which 
were published in 1886. A further step in advance was made 
by Beyerinck, who demonstrated that the root nodules on 
leguminous plants were full of bacteria, which could be 
cultivated also on various artifi cial media. Beyerinck gave 
the name Pseudomonas radicicola to the bacteria in question.
 “The Pseudomonas bacteria appear to be widely 
distributed in most fertile soils, although they naturally exist 
in much greater quantity in land on which legume crops are 
frequently grown. The organisms, as grown in artifi cial non-
nitrogenous culture media, are observed to be exceedingly 
minute in size, rod-shaped, and generally in rapid motion. 
They exist free in the soil in this form, and enter the host 
plant through the root hairs, forming tubercles or nodules on 
the younger rootlets only. Within the nodules, however, the 
bacteria frequently undergo considerable modifi cation, and 
in different plants they assume rather large rod- or Y-shaped 
forms. The irregular forms are especially numerous in the 
older tubercles. At the same time they increase enormously 
in number.
 “The investigations carried out, as described above, 
enabled a conclusion to be fi nally reached which afforded 
a satisfactory explanation of the observed facts, and of the 
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contrary results which had at different times been obtained 
in experiments on the matter. It was evident that the bacteria 
in the root nodules were the agency by which leguminous 
plants were enabled to assimilate nitrogen from the air, and 
that, in the absence of these organisms, peas, clover, etc., 
were as dependent upon the supply of combined nitrogen in 
the soil as plants of other botanic families, e.g., sugar-cane, 
cotton, etc.
 “Since the relationship of the nitrogen-assimilating 
bacteria to the legume cannot be regarded as in any way 
parasitic, but is rather a physiological partnership of mutual 
advantage, the term symbiosis (literally ‘living together’) has 
been applied to describe it. The plant supplies the necessary 
carbohydrate material which the bacteria require for their 
life purposes, and the micro-organism in turn gathers from 
the air nitrogen which is ultimately utilized by the legume 
plant. It may here be mentioned that the mechanism of 
the actual process by which the plant avails itself of the 
nitrogen compounds elaborated by the micro-organisms is 
still incompletely understood. It is possible that the host 
plant may attack and absorb the highly nitrogenous bacteria, 
or, on the other hand, it may avail itself of the soluble and 
diffusible substances formed within the bacterial cell. The 
latter appears the more probable explanation, since before 
the plant could utilize the nitrogenous compounds forming 
the substance of the bacterial organisms, it would be 
necessary that the latter be fi rst broken down and dissolved. 
They would, in fact, have to be brought into a condition in 
which the plant could absorb them as food, by a process 
analogous to that in which the insoluble food supply in seeds 
is dissolved for the benefi t of the developing embryo on the 
germination of the seed. This process of solution is effected 
by means of various ferments or enzymes, but, so far, no 
proteolytic ferment (i.e., one capable of dissolving proteid 
or nitrogen compounds) has been discovered in leguminous 
plants, and therefore there is little basis for assuming that 
these plants secure the nitrogen collected by the bacteria in 
their root nodules by dissolving and absorbing the latter” 
Continued. Address: B.Sc., Scientifi c Assistant.

267. Biffen, Walter. 1910. The growth of leguminous crops 
and soil inoculation (Continued–Document part II). West 
Indian Bulletin 10(1):93-106.
• Summary: (Continued): “The fi gures which have been 
placed on record showing the actual amounts of nitrogen 
added to a soil, as the result of growing various leguminous 
crops, are useful as giving a clear idea of the value of 
including such crops in farm and estate rotations. Even in the 
course of a single season these quantities of nitrogen may 
be quite large. Experiments with velvet beans in Alabama 
showed a gain of nitrogen amounting to 213 lb. per acre, 
while with the same crop, gains of 172 lb. and 141 lb. per 
acre were obtained in Louisiana and Florida respectively. 
Trials with cowpeas have shown equally satisfactory 

results. A publication of the U.S. Department of Agriculture 
mentions that in a very large number of experiments with 
various legume crops carried on in sixteen States, a gain of 
122 lb. of nitrogen per acre was indicated. At the Delaware 
Experiment Station, a crop of crimson clover was found to 
have added as much as 200 lb. of nitrogen per acre to the 
soil in one season. Cowpeas are not infrequently grown in 
rotation with cotton in some of the cotton-growing districts 
of the Southern States of America. An instance reported by 
the Alabama Experiment Station indicates the benefi cial 
infl uence of the legume crop on the succeeding crop of 
cotton. In this case there was noted an increase of 696 lb. in 
the yield of seed-cotton to the acre, or 83 per cent., as the 
result of ploughing under a crop of cowpea vines on land 
which had been in cotton in the previous season.
 “The annals of the Rothamsted Experiment Station 
contain many illustrations in point. Thus an experiment is 
recorded in which a piece of land, which in the previous fi ve 
years had grown cereal crops without nitrogenous manure, 
was divided into two parts in 1872, one being sown with 
barley and the second with clover. Barley was again grown 
on the fi rst plot in 1873, but the clover was allowed to stand, 
three cuttings being made for fodder purposes during the 
season. The quantities of nitrogen in the crops from the 
two plots were 37.3 lb. in the barley yield, and 151.3 in the 
clover. An analysis of the soil was made after the crops had 
been removed, which showed a content of 0.1566 per cent. 
of nitrogen in the fi rst 9 inches from the surface in the plot 
where clover had been grown for two seasons, as compared 
with a nitrogen content of 0.1416 per cent. on the other 
portion. In 1874, barley was once more grown on both plots, 
the quantity of nitrogen removed in the barley following 
barley being 39.1 lb., while in the barley following clover 
69.4 lb. were removed.
 “Another experiment was carried out on land which at 
the start contained 2,657 lb. of nitrogen per acre in the fi rst 
9 inches from the surface. Barley and clover were grown in 
1883, and clover only in 1884 and 1885. It was estimated 
that 319.5 lb. of nitrogen was removed in the crops cut 
during the three years, but a soil analysis made at the end, 
showed that nitrogen equal to 2,832 lb. was present in the 
top 9 inches, or a gain of 175 lb. per acre in the three years, 
making a total, with the crop removed, of nearly 500 lb. of 
nitrogen per acre to be accounted for. The work, therefore, 
done by this partnership between leguminous plants and the 
nodule-producing bacteria is of the utmost importance, and 
must annually add to the wealth of the world many hundreds 
of thousands of pounds sterling.
 “With the facts already enumerated before them, it was 
natural that workers in agricultural science should begin 
to debate the question whether the majority of cultivated 
soils were suffi ciently well stocked with nitrogen-gathering 
bacteria to give the best results when a leguminous crop 
was grown, or whether, by the introduction into soils of 
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the suitable organisms, and the more extended growth of 
legumes, considerable increase in crop yields could not be 
obtained. A great deal of experimental work in relation to 
this subject has been done in the past twenty-three years.
 “In work of the nature referred to, it is obvious that 
the main point is to ensure the presence of the assimilating 
bacteria in the soil under experiment. This can be done by 
distributing over the land, and slightly harrowing in, a supply 
of soil taken from a fi eld which has just previously yielded a 
fl ourishing crop of the legume to be grown. As early as 1887 
soil inoculation experiments of this kind were undertaken 
by Salfeld at the Moor Culture Experiment Station, Bremen, 
Germany. The trials were made with such legumes as lupins, 
serradella, clover and beans, on reclaimed peaty and sandy 
soils, on which, without inoculation, such crops made but 
little growth, and developed no root nodules. About 3½ cwt. 
of suitable soil were distributed per acre over the land, and 
harrowed in before sowing the seed. The results of Salfeld’s 
work were strikingly successful. As the season advanced, the 
effect of the inoculation was markedly evident in the dark-
green colour and luxuriant growth of the plants, on the land 
which had been treated as described, as compared with the 
land where no soil had been scattered, which bore very small 
yellow plants that ultimately died of nitrogen hunger.
 “Salfeld’s results were received with great interest, and 
the example thus set was shortly followed by a number of 
investigators working with many different kinds of soils. 
A satisfactory measure of success was achieved in some 
instances, but many cases were recorded in which the results 
were negative, and the opinions entertained as to the practical 
value of soil inoculation were of a very contradictory nature. 
On sandy heath soils, on moorland recently placed under 
cultivation, and on raw soils brought up from deeper layers 
by the plough, the operations had undoubtedly been proved 
to be highly benefi cial, but on the majority of cultivated 
soils, it was not evident that inoculation had been attended 
with any benefi t.
 “With the extension of experiments similar to those 
of Salfeld, one or two disadvantages connected with this 
method of soil inoculation began to make themselves felt. 
The transport of large quantities of soil from one district to 
another was naturally expensive. Injurious fungi, together 
with weed seeds, might be introduced into the soil, with the 
desirable bacteria. These considerations, combined with 
the fact that the nitrogen-assimilating organisms could be 
isolated from the root nodules of legumes, and cultivated on 
various artifi cial media, led to greater attention being paid 
to the possibilities of inoculation with pure cultures of the 
Pseudomonas bacteria, and in the past twelve years or so, a 
number of preparations, all containing this organism, have 
been brought forward for soil inoculation purposes.
 “In this connexion there arises a question which is 
obviously of considerable importance in infl uencing the 
success of any effort at soil inoculation, but which has 

not yet been defi nitely settled. This question relates to the 
identity of the various bacteria which are found living in 
association with different species of Leguminosae. Much 
investigation has been done with the object of ascertaining 
whether all the organisms living in symbiosis with 
various agricultural leguminous crops are identical with 
Pseudomonas radicicola, fi rst isolated by Beyerinck from 
pea plants, whether the different kinds are varieties of this 
species, or whether there are different species associated 
with particular plants. Colonies of bacteria cultivated from 
root nodules from different species of legume show many 
points of similarity, but also some points of difference. In 
early experiments carried out by Hellriegel, it was seen that 
a watery extract of soil on which clover and beans had been 
grown was instrumental in inducing nodule formation on 
clover and bean seedlings grown in sterile sand, but had 
no effect whatever on serradella and lupin plants growing 
under the same conditions. When an extract from a sandy 
soil which had just previously borne the latter plants was 
added, however, the serradella and lupins formed nodules on 
their roots and grew apace. Hellriegel therefore concluded 
that there were essential differences between the bacteria 
from the various legumes. The evidence that has since been 
brought forward seems to point to the view that all the 
bacteria inhabiting the root tubercles of leguminous plants, 
which are the agency of nitrogen assimilation from the air, 
belong to the species Pseudomonas radicicola, but that if this 
organism is grown for some time continuously in association 
with one kind of plant only, it becomes so modifi ed as to be 
specially adapted to give the best results with this species 
alone, and loses its effi ciency in greater or less degree for all 
other kinds of legumes. Experiments conducted by Nobbe 
and Hiltner prove that the best results from inoculation 
can only be expected when the crop grown is inoculated 
with bacteria from the same species of plant” (Continued). 
Address: B.Sc., Scientifi c Assistant.

268. Biffen, Walter. 1910. The growth of leguminous crops 
and soil inoculation (Continued–Document part III). West 
Indian Bulletin 10(1):93-106.
• Summary: (Continued): “As already mentioned, pure 
cultures of the root nodule bacteria had been prepared on 
various artifi cial media, and in 1896, two Germans, Messrs. 
Nobbe and Hiltner, developed this idea on a commercial 
scale. Cultures of the organisms, grown on a gelatine 
medium, were started by infection from root tubercles from 
the different legumiuous plants cultivated as fi eld crops, 
and this preparation was placed on the market contained in 
small glass bottles, under the name ‘Nitragin.’ In using the 
nitragin for inoculation purposes, the nutrient jelly was to be 
dissolved in a quantity of lukewarm water, and the solution 
sprinkled over the seed, thorough distribution of the bacteria 
being ensured by this means. The seed was then to be dried 
before planting.
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 “The merits of nitragin were thoroughly tested at 
experiment stations and on private farms both in Europe 
and America. It was hoped that the preparation would 
supply not only nitrogen-gathering bacteria to soils lacking 
these organisms, but bacteria of a high degree of effi ciency. 
Although in the fi rst two seasons a few favourable reports on 
the results obtained from the use of nitragin were received, 
by far the greater majority of the returns sent in were of 
a negative character, and briefl y, it may be stated that the 
preparation turned out to be a distinct failure. It seemed 
after all that the pure culture method of inoculation, from 
which so much had been expected, was less reliable than the 
older plan of introducing the nitrogen-gathering organisms 
by distributing a supply of fertile earth from fi elds that had 
lately borne fl ourishing legume crops.
 “Despite the unsatisfactory results which followed 
the fi rst attempt to establish the use of pure cultures 
of Pseudomonas radicicola as the standard means of 
inoculation, the matter still continued to receive a good deal 
of attention. On further investigation it was concluded that 
the chief reason which accounted for the failure was the 
unsatisfactory nature of the medium (gelatine) upon which 
the bacteria had been grown. Gelatine differs essentially 
from the media in which the bacteria normally live, i.e., the 
soil and plant cell, principally in that it is of animal origin, 
and contains large quantities of nitrogen. With the provision 
of abundant nitrogen at hand, the bacteria are discouraged 
from utilizing the free supply of the air, deteriorate rapidly, 
and either die out altogether, or lose, wholly or in part, their 
power of fi xing atmospheric nitrogen.
 “There was another point which had been overlooked 
in designing the method of inoculation described, but 
which later investigation indicated had helped to prevent 
the full success of the inoculation efforts. During the 
preliminary process of germination, seeds excrete certain 
soluble substances which have a detrimental effect upon the 
vitality of the assimilating bacteria, and, as a consequence, 
the organisms are unable properly to infect the legumes, 
unless some special steps are taken to neutralize the 
poisonous effects of the excretions mentioned. It was found 
subsequently, that the latter could be made harmless to 
the seed by adding to the water in which the cultures were 
prepared, a small quantity of certain soluble salts, or of 
skimmed milk.
 “These points being recognized, other culture media, 
notably agar jelly (which is prepared from a kind of sea-
weed, and contains practically no nitrogen) were tried, and 
these efforts were attended with a greater measure of success. 
In Bavaria, for instance, during the year 1903, ninety-eight 
inoculation experiments were carried out with Hiltner’s agar 
nitragin. Of these, eighty-one were favourable, nine negative, 
and eight doubtful–a remarkably good result, since in some 
cases, increased yields followed inoculation even on soils 
that had already borne good crops of the corresponding 

legume. Nobbe and Hiltner also employed various liquid 
preparations as culture media in which to grow the bacteria, 
and these were found to be better adapted to maintain the 
vitality of the organisms for a longer time than agar jelly and 
other solid media” (Continued). Address: B.Sc., Scientifi c 
Assistant.

269. Biffen, Walter. 1910. The growth of leguminous crops 
and soil inoculation (Continued–Document part IV). West 
Indian Bulletin 10(1):93-106.
• Summary: (Continued): Soy is mentioned only on page 
100: “Hellriegel and Wilfarth’s discoveries, and the results of 
Lawe and Gilbert’s work at Rothamsted excited considerable 
attention in the United States, and extended investigations 
on the results of inoculation with different species of legume 
plants were started in that country. At fi rst, the method 
employed was that of inoculation by means of earth from 
other legume fi elds. The two crops which appeared to benefi t 
most by this practice were the soy bean and alfalfa. In the 
case of clover, cowpeas, fi eld peas, beans, and vetches, the 
organisms responsible for nodule formation and assimilation 
of nitrogen appeared to be already present in most cultivated 
soils, and these crops gave good returns, and did not 
apparently require inoculation.
 “At a later stage the United States Department of 
Agriculture turned its attention to the subject of artifi cial 
cultures of Pseudomonas radicicola for inoculation 
purposes. Dr. G.T. Moore, of the Bureau of Plant Industry, 
undertook the work, and devised the method of preparing 
the cultures. Moore’s method differed somewhat from that 
of Nobbe and Hiltner. The American scientist fi rst prepared 
an active culture of the nodule-bacteria in a liquid medium, 
the composition of which included little or no nitrogen, in 
order that the assimilating power of the organisms might be 
increased. Absorbent cotton was then dipped in the liquid 
culture, and subsequently dried rapidly at a low temperature. 
In this condition they retained a number of the bacteria, and 
formed a convenient medium for transmitting the organisms, 
and for starting new liquid cultures. With the cotton was sent 
out, in every case, a packet containing suitable quantities of 
cane sugar, potassium phosphate, ammonium phosphate, and 
magnesium sulphate, which were to be dissolved in a large 
bulk of water, thus forming a nutrient solution in which the 
bacteria multiplied rapidly under favorable conditions when 
the cotton culture was added. The seed to be inoculated 
was placed in this solution for a time, being afterward dried 
before sowing.
 “Moore’s cultures were very extensively tried by the 
United States Department of Agriculture, in co-operation 
with working farmers all over the country during the year 
1904. To everyone who made application, a free packet of 
inoculating material was supplied, with detailed instructions 
as to the method of using it. In this way about 12,500 tests 
were made under the most varied conditions.
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 “With the arrival of reports on the results of all these 
trials, it soon appeared, however, that the general measure 
of success which has followed inoculation with Moore’s 
cultures was far below what had been anticipated. It exhibits, 
indeed, little superiority in its infl uence upon the crop yield 
to that shown by the original nitrogen preparation of Nobbe 
and Hiltner. Although in a very considerable number of 
cases small increases of crop followed inoculation, yet the 
general verdict from the American experiment stations, and 
also from European stations where Moore’s cultures had 
been tried, was that these preparations were ineffi cient. The 
advantages of inoculation by means of pure cultures were 
obvious in theory, but the ideal pure culture, the use of which 
would cause these advantages to appear in practice, had yet 
to be devised. Investigation carried out with the object of 
ascertaining the cause of these disappointing results showed 
that the method of preserving the bacteria in a dried form on 
cotton was not so satisfactory as had been supposed. Many 
of the organisms perish during the process of drying, and any 
considerable change in temperature and moisture conditions 
that may take place previous to the use of the culture has a 
detrimental effect upon the vitality of the bacteria that still 
remain. By Moore’s method, too, the actual preparation of 
the culture solutions with which the legume seed was to be 
treated before sowing, had to be carried out by the farmers 
themselves, who would hardly be likely to work under the 
careful and exact conditions that would be followed in the 
laboratory. Under ordinary farm circumstances, the risk 
of contamination by the introduction of foreign bacteria, 
moulds, and yeasts, from the air, from water, or by means of 
the utensils employed, was at its maximum, and many of the 
introduced organisms might be instrumental in preventing 
the growth and multiplication of the nitrogen gathering 
bacteria of the cotton culture.
 “Culture preparations for inoculation of leguminous 
crops are still sent out by the United States Department 
of Agriculture, but as a result of the diffi culties that have 
been experienced, the use of an absorbent cotton has been 
abandoned, and the medium employed consists of nitrogen-
free liquid put up in hermetically-sealed bottles. Numbers 
of different cultures are prepared, which correspond to 
the different legume crops cultivated, each culture being 
adapted to give the best results with a particular species. 
Thus cowpea cultures, alfalfa cultures, clover cultures, etc., 
are all obtainable. The directions that accompany each bottle 
warn the recipient to utilize the material within ten days or 
two weeks, as otherwise deterioration may set in, which will 
render the culture useless.
 “Nearly two years ago Professor Bottomley, F.R.S., 
of London, turned his attention to the subject of soil 
inoculation, and as the outcome of his investigations, he 
brought forward another pure culture preparation, somewhat 
similar to that of Moore, to which the name ‘Nitro-bacterine’ 
was given. ‘Nitro-bacterine’ was described by the originator 

as a ‘powder preparation of the bacteria.’ It was sent out 
in sealed packets containing cotton wool, as in the early 
American method, but the medium also contained in addition 
a number of dry, earthlike particles. With these packets were 
sent also small quantities of soluble nutritive substances, to 
be dissolved in water, and the culture solution was prepared 
and utilized in a manner similar to that already described 
in the case of Moore’s cotton cultures. The importance of 
using pure water that had been boiled and allowed to cool, 
perfectly clean utensils, and of taking every precaution to 
protect the solution from contamination was emphasized 
by Professor Bottomley. Those testing nitro-bacterine were 
advised that inoculation might also be effected by ‘watering’ 
the young legume plants with the culture solution. It may be 
added that Professor Bottomley did not confi ne his attention 
to leguminous plants alone in this connection. He also 
brought forward other culture preparations which he hoped 
might be instrumental in enabling cultivated plants belonging 
to certain other natural orders to draw upon the stores of 
atmospheric nitrogen for food purposes.
 “The results so far reported with nitro-bacterine have 
not been of such a nature as to indicate that this preparation 
is in any way superior as an inoculating material to Nobbe 
and Hiltner’s nitragin [sic, Nitragin] or Moore’s cotton 
cultures. In the summer of 1908, some experiments with 
Professor Bottomley’s culture material were conducted with 
garden peas at the Wisley Gardens of the Royal Horticultural 
Society. These are reported upon in detail in the Journal of 
the Society for November last (Vol. XXXIV, part 2), and a 
summary of the results was given in a late number of the 
Agricultural News (Vol. VIII, p. 62). These results were of a 
purely negative character, and the closing paragraph of the 
report is as follows: ‘It is concluded that the inoculation of 
leguminous crops with “nitro-bacterine” in ordinary garden 
soils is not likely to prove benefi cial.’
 “During the year 1908, the effect of inoculation on 
the returns given by various leguminous crops was tried 
at Antigua and at Grenada. In the former island, where 
cowpeas, woolly pyrol, and alfalfa were the crops in 
connection with which the investigations were made, 
nitro-bacterine was the inoculating material employed. 
Experiments were conducted at the Experiment Station, and 
also on estates, the property of owners. At Grenada, cowpeas 
formed the crop under test, and a liquid culture preparation 
obtained from the United States Department of Agriculture 
was employed. The effect of inoculating sugar cane plants 
with the material forwarded by Professor Bottomley for that 
purpose was also tried both at Antigua and Barbados.
 “At Antigua the nitro-bacterine culture solutions were 
prepared at the Government Laboratory, and it is remarked in 
the report on the results of the experiments, that satisfactory 
growth of the culture took place in the case of every package. 
Seed of the different legumes under trial was also inoculated 
at the Laboratory and portions of the culture solution were 
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afterward distributed to the centers where the experiments 
were to be made, for inoculation of growing crops, and of the 
soil. Where crop and soil inoculation was carried out, two 
inoculations were made, at an interval of a fortnight.”
 Pages 258-59: From the facts which have been 
enumerated, it will be seen that the history of past attempts at 
soil inoculation by artifi cial cultures, forms a record chiefl y 
of failures,...”
 There is also the possibility that other species or 
general and species of bacteria might give better results than 
Pseudomonas radicicola.
 Page 261 [conclusion]: “There is yet a good deal to 
be learned in regard to this matter, and the subject is under 
investigation in a number of laboratories. It is possible that in 
the future a practical and satisfactory method of inoculation 
by means of pure cultures may be evolved.” Address: B.Sc., 
Scientifi c Assistant.

270. G.B. 1910. Soy beans in western New York (Letter 
to the editor). Rural New-Yorker 69(4033):183. Feb. 12. 
Oversize.
• Summary: “Do you think sowing cow peas July 20 we 
should get a fair growth to plow under in Western New 
York? How much would a crop of cow peas be worth to plow 
under, considering the plant food only? My soil is sandy. 
Will Soy beans be better?
 “G.B. North Collins. N.Y.
 “Judging from an experience in northern New Jersey, 
you could not expect to grow a fair crop of cow peas in Erie 
County. N.Y., when planted so late. They would make only 
about half growth. That is too far north for late planting of 
cow peas. Such a, crop as you could raise would have but 
little fertilizing value. Common fi eld beans broadcast with 
Cow-horn turnips would make a better showing. Soy beans 
are surer for late planting than cow peas, but the soil will 
need inoculation.” Address: North Collins, New York.

271. Itie, G. 1910. Le soja: Sa culture, son avenir [Soya: Its 
cultivation, its future]. Agriculture Pratique des Pays Chauds 
(Bulletin du Jardin Colonial) 10(83):137-44. Feb. [17 ref. 
Fre]
• Summary: Contents: Climate and geographical area 
(continued) in Tunis, Italy, Russia, Lithuania, and Dahomey. 
Soil, requirements, fertilizer. Nitrogen fi xation and nodule 
bacteria.
 “The soybean trials conducted in the area around Tunis 
[Tunisia] have failed and it seems that we would be more 
fortunate at Béja [65 miles west of Tunis] or at Mateur [in 
northern Tunisia, about 10 miles SSW of Menzel Bourguiba] 
where the climate is more humid.
 “In Italy (according to Pinolini, and to Ruata and 
Testoni), the soybean has been cultivated successfully at 
Verona, on the Lombard coast of Lake Maggiore, in the 
province of Mantua, and at Lucca (Lucchese, a city in 

Tuscany, central Italy). In addition, it has been or is still 
being cultivated in the regions of Liguria, Friuli, Marche (a 
region of Italy), and Emilia (a region of Italy). In the area 
around Naples, and at San Giovanni a Teduccio [a quarter of 
the city of Naples], it is especially cultivated for the seeds 
by a company [Dammann & Co., seedsmen] which does this 
specifi cally as a business.
 “In Russia, fi nally, after numerous and unsuccessful 
attempts, M. Owinsky [Ovinski] succeeded in acclimatizing 
two varieties (a black and a brown) in Podolie [Podolia], 
for example, where the climate is very warm and dry. In 
Lithuania they grow equally well, but the climate, which is 
colder and more humid, retards the maturity by 10 days.
 From all these cases, one can conclude that the 
cultivation of soybeans, heretofore confi ned almost 
exclusively to Asia, can be grown and be extended to a much 
wider area. In all our colonies where we grow corn, and in 
Dahomey in particular, the soybean will certainly succeed, 
and when the economic circumstances seem favorable, we 
will decide to grow it.”
 Note 1. This is the earliest document seen (Aug. 2009) 
that clearly refers to the cultivation of soybeans in Tunisia. 
This document contains the earliest date seen for the 
cultivation of soybeans in Tunisia (1909).
 Note 2. This is the earliest document seen (Feb. 2003) 
concerning soybeans in connection with (but not yet in) 
Benin (formerly Dahomey).
 Note 3. This document contains many tables, mostly 
from other sources. Address: Ingenieur d’Agriculture 
coloniale.

272. Biffen, W. 1910. The growth of leguminous crops and 
soil inoculation. Hawaiian Planters’ Record 2(3):175-83. 
March; 2(4):253-61. April. [1 ref]
• Summary: From West Indian Bulletin, 1910, Vol. X, No. 
1, p. 93-106: Soy is mentioned in this Hawaiian Planters’ 
Record only on page 253: “Hellriegel and Wilfarth’s 
discoveries, and the results of Lawe and Gilbert’s work at 
Rothamsted excited considerable attention in the United 
States, and extended investigations on the results of 
inoculation with different species of legume plants were 
started in that country. At fi rst, the method employed was 
that of inoculation by means of earth from other legume 
fi elds. The two crops which appeared to benefi t most by this 
practice were the soy bean and alfalfa. In the case of clover, 
cowpeas, fi eld peas, beans, and vetches, the organisms 
responsible for nodule formation and assimilation of nitrogen 
appeared to be already present in most cultivated soils, and 
these crops gave good returns, and did not apparently require 
inoculation.” Address: B.Sc.

273. Ishii, T.; Okamoto, H. 1910. Daizu [Soy bean: Its 
culture and uses]. Hokkaido Nogyo Shikenjo Iho (Hokkaido 
Agricultural Experiment Station, Bulletin) No. 10. 33 p. 
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March. [Jap]
• Summary: Contents: Preface. The position of soybeans in 
Hokkaido agriculture. Suitable climate and preparation of 
the soil for farming. Crop rotation. Varieties of soybeans. 
Compost. Seeds. Sowing seeds. Care after germination. 
Harvest. Utilization of soybeans: Green manure, as feed, 
soybean cake as fertilizer. Soybean diseases. Soybean 
insects.
 An illustration (non-original) on the title page shows the 
roots of a soybean plant with a few nodules.
 The word “Daizu” (meaning “soybean”) is written 
backwards (from right to left) according to today’s (Aug. 
2014) conventions. Address: 1. Agronomist; 2. Entomologist. 
Both: Sapporo, Japan.

274. G.W.J.; A.W.S. 1910. Farming with green manures: 
substitutes for oats (Letter to the editor). Rural New-Yorker 
69(4042):466. April 16. Oversize.
• Summary: “I have 15 acres of cornstalks which would 
naturally be planted to oats in the Spring. 1 have been 
much interested in reading the discussions on green manure 
culture, and would like to experiment with some substitute 
of oats, such as cow peas or Soy beans. Would you advise 
sowing cow peas with oats? It no, in what proportion, and 
how much to the acre? In sowing Soy beans does the ground 
need to be inoculated? What do you consider the best Winter 
cover crop for the cornfi eld after the corn is removed, and 
what amount to sow?
 “Lancaster Co., Pa. G.W.J.
 “G.W.J. lives in a section where corn is followed by 
oats in the rotation. This has always been the practice, and 
it is handed down from generation to generation, no one 
seeming even to think that some other crop might take its 
place and bring in better returns, and also leave the soil in 
better condition. Don’t sow oats just because everybody else 
does. A few minutes with pencil and paper ought to tell you 
whether the crop pays. When making these calculations don’t 
forget that oats are an exhaustive crop and leave the soil 
poorer. I discarded oats from the rotation years ago as a crop 
that did not pay. When I quit growing oats different persons 
at various times when exchanging the usual greetings 
inquired whether I had fi nished plowing for oats, whether 
I had fi nished sowing, etc. Upon being told that I did not 
grow oats some plainly told me that such a departure from 
old methods would not do, but could give no reasons. Others 
were too astonished to say anything, while some others cast 
a signifi cant smile at a chance companion. I grow potatoes 
instead of oats, and on a soil adapted to the crop they will 
pay better for the heavy fertilizing necessary to build up a 
rundown farm quickly than any other crop that I can grow 
on a large scale. You are much interested in green manuring, 
then you see the need of getting the soil stocked with 
humus. This lack of suffi cient humus in the soil has become 
responsible for more partial crop failures in this section than 

any other cause. A soil without humus is a dead soil. Green 
manuring is generally construed as meaning the plowing 
under of some crop grown specially for that purpose. It 
should be considered in a broader sense and the working into 
the soil of any vegetable matter that has not fi rst been fed to 
animals is really green manuring. When we have suffi cient 
plant food in our soil to grow big crops and an abundance of 
humus there we have a fertile soil. This can be accomplished 
in different ways. Each farmer should study how he can 
do this most economically and at the same time profi tably. 
I have been doing this, and keep but a few head of stock 
necessary to furnish meat, milk, etc., for family use. This 
is in a locality where every farmer keeps cows as the chief 
source of income. Now, I don’t want to discourage anyone in 
the matter of keeping stock, for the farm dairy can be made 
to pay well, and the farm need not run down on account 
of it either. But when the farms right around us, though 
yet comparatively new, are getting poorer and poorer with 
these herds of cattle, we must see that there is something 
seriously wrong with the management. And when the owners 
in the face of all these facts simply persist in this kind of 
management, we wonder what will eventually become of 
these farms.”
 “The cow peas and Soy beans will do best on a light, 
warm soil. The soil does not usually have to be inoculated 
for Soy beans. If I were feeding a lot of cows and would 
have to buy much concentrated feed I think I should plant 
Soy beans instead of oats. If your soil is thin it will pay you 
to apply some potash and phosphoric acid to the cow peas 
and Soy beans. To every 100 pounds dissolved S.C. rock add 
10 pounds muriate of potash and apply 300 pounds per acre 
of the mixture.
 “Middletown, Pa., A.W.S.” Address: 1. Lancaster Co.; 2. 
Middletown. Both: Pennsylvania.

275. Williams, Thomas A. 1910. La “soya.” La haba soya 
como forraje [The soy bean as a forage crop]. Boletin de 
la Sociedad Agricola Mexicana 34(15):292-95. April 17; 
34(16):307-11. April 25; 34(17):331-33. May 1; 34(18):348-
50. May 9. Translation of USDA Farmers’ Bulletin No. 58 
(1897, revised 1899). [7 ref. Spa]
• Summary: Contents: Part 1. Origin and general 
characteristics. Varieties. Growth. Illustrations show: Soy 
bean seedling with roots (p. 292, 294-95). A fl owering soy 
bean plant, with close-ups of pods and one fl ower (p. 293).
 Part 2. Cultivation. Harvest. Production and yield. 
Chemical composition.
 Part 3. Digestibility. Value and uses: As pasture (como 
pasto), as ensilage, as hay.
 Part 4. As pasture (como pastura), as a plant for 
soil improvement, value of the seeds as feed. Summary. 
The entire 4-part document contains many non-original 
illustrations of soy bean plants.
 Note: This is the earliest Spanish-language document 
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seen that uses the term “la haba soya” to refer to the soy 
bean. Address: Asst. Agrostologist, Div. of Agrostology, 
USDA (agrologista auxiliar).

276. Piper, C.V. 1910. Re: Sixty cooperative demonstrators 
with seed of the soy bean. Letter (memorandum) to Mr. 
Estabrook, Dep. of Agriculture, Washington, DC, April 20. 1 
p. Typed, with signature on letterhead.
• Summary: Dear Mr. Estabrook: I have your memorandum 
of the 20th instant, accompanied by the correspondence 
of Doctor Knapp’s Offi ce relative to supplying about sixty 
cooperative demonstrators with seed of the soy bean. It is 
possible that we could spare the seed, but it is simply out 
of the question to undertake the necessary work that such 
distributions would entail. I shall be glad to look into the 
possibility of supplying this seed, but it can only be done in 
case all of the work relative to taking out order cards and any 
letters on the subject be done outside of this offi ce.
 “Yours very truly, Agrostologist.
 “(Correspondence attached)”
 Note: Doctor Knapp may well be Seaman A. Knapp who 
did demonstrations as well as work to control the Mexican 
boll weevil. He had been a “professor of agriculture and 
president of Iowa Agricultural College before he moved to 
the South in 1885... Following Seaman Knapp’s death in 
1911, his work was continued by his son, Bradford Knapp, 
who used methods instituted by his father, but at the same 
time began to strengthen the ties with the agricultural 
colleges (Baker 1963. Century of Service, p. 41, 43-46, 521).
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 107.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist, USDA Bureau of 
Plant Industry, Forage Crop Investigations.

277. African World (The) (London). 1910. Soya beans. April 
23. p. 615.
• Summary: “Considerable interest is being taken in the 
soya bean, about which we have published a quantity of 
information at different times. Some people maintain that 
there is a great future before growers of the beans in West 
and in South Africa, and experiments so far made go to 
prove this theory to be perfectly sound. The bulk of the 
world’s supply now comes from Manchuria, about which 
the following details will be instructive:–Up to the year 
1907, so far as can be ascertained from the only Customs 
fi gures available, viz., those for the port of Newchwang, 
the export of soya beans from Manchuria did not exceed 
120,000 tons annually. During the year 1908 the export rose 
to approximately 330,000 tons; one half of this was exported 
from Dairen, and of the remainder 100,000 tons were 

shipped from Newchwang and 65,000 went out by rail via 
Suifenho [Suifenhe] en route to Vladivostok. This increase 
was almost entirely due to the demand from Europe, which 
continued throughout 1909, and seems likely to increase 
rather than diminish.” Many more statistics on exports of 
soya beans from Manchuria are given.
 “Considering that several companies have been fl oated 
during the past few weeks for the cultivation of rubber in 
West Africa, no doubt their directors will not lose sight of 
the importance of growing soya beans, not only as a catch-
crop, but also for planting in between the rows of rubber 
trees, which would keep down undesirable growths and thus 
save the cost of weeding. The soya bean being a leguminous 
plant, adds to the nourishment of the soil by means of its root 
nodules, which assimilate the free nitrogen of the air, storing 
it in the nodules and transmitting it to the soil. Several rubber 
plantations are adopting this course.”

278. Wing, Chas. B. 1910. The soy bean: a promising forage 
crop of value. II. Rural New-Yorker 69(4043):514. April 30. 
Oversize.
• Summary: “As nitrogen gatherers I think few plants will 
equal the Soy bean. Its roots are covered with nodules. 
Sometimes these nodules are as large as Lima beans, and 
they should always be as large as a garden pea. If this plant 
be turned under for fertilizing purposes, especially if one of 
the large growing varieties be used, I know of no plant that 
would excel it. When grown for seed, most varieties will 
drop their leaves before the seed is ripe; these leaves. of 
course, enriching the soil. I think that on any ordinary soil, 
with the new improved varieties, farmers should expect from 
15 to 20 or 25 bushels of seed, or from two to 3½ tons dry 
hay per acre. I have a theory, which at present is theory only, 
that the plant may be made extremely useful for silage. In 
another year or so, I expect to try this on a good-sized scale. 
Some varieties make both a large amount of forage and a 
large amount of grain, and in addition will hold their leaves 
until the grain is nearly ripe. I think that these varieties 
cut just before the leaves begin to fall, and possibly mixed 
with moderate amounts of corn (say in the proportion of 
two parts Soy beans to one of corn) would not only make a 
large amount of very rich silage, but would be readily eaten 
and easily digested, and we would thereby get the greatest 
possible amount of feed from a given acreage.
 “As to varieties, I agree with Mr. Piper on practically 
everything I have tested so far. Many of the new varieties 
are only in the experimental stage, and probably few of 
them are at present produced in quantities suffi cient to place 
them on the market, but no doubt, within a few years, the 
Government will have some surplus for sale. The Ito San, 
our old standby. is no doubt about as good as any variety for 
extreme northern conditions, where it is necessary to mature 
the seed in 90 days. It would furnish only about 1½ ton dry 
forage per acre. The Medium Early Green is one of the oldest 
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varieties, makes an excellent yield, both of beans and forage, 
but it seems to be practically impossible to harvest the crop 
in such manner as not to lose half the grain, and this reduces 
the yield to only a moderate amount.
 “So far, our tests show no bean that is any better for 
grain than the Medium Early Yellow. This variety has very 
sturdy plants, a trifl e too coarse for forage, a medium-
sized bean, which does not shatter badly when harvested. 
It yields abundantly, and its habit is good. The plants stand 
erect enough, so that it is no diffi culty whatever to harvest 
with a mowing machine. The Meyer sometimes produces 
enormous quantities of forage, occasional plants being six 
feet tall, but its habit is poor, being half recumbent. The yield 
of grain is only moderate. The Tokio produces the largest 
amount of forage of any bean I have ever tried, but when 
grain is desired it is entirely too late for this latitude. The 
Brownie is almost identical with the Ito San. The Haberlandt 
is very similar to the Meyer, although having a trifl e better 
habit–that is, a more erect growth. The Guelph is an early 
variety, maturing with the Ito San, but having a rather better 
habit. The Nuttal [sic, Nuttall] has a good habit, although 
the vines are a trifl e coarse for forage, the amount of beans 
produced being smaller by our tests than some of our other 
best varieties. The beans also shatter somewhat worse in 
harvesting than our other varieties. The Morse is similar; it is 
about as late in maturing as we dare to have in this latitude, 
probably requiring 130 to 140 days, and the yield of beans is 
about the same as that of Nuttal. A variety with which I am 
very well pleased is the Jet. It will probably produce a trifl e 
smaller amount of grain than the Medium Early Yellow, but 
its habit is simply perfect, the plant growing perfectly erect 
and branching out fi ve or six inches above the ground, the 
main stem being sturdy and each branch long and slender, 
making it well adapted for forage. It would probably mature 
safely even a good deal north of this latitude, as it has two 
or three weeks to spare. It would probably make three tons 
per acre of dry hay, and no doubt would have little trouble 
in making a yield of 20 bushels of grain. Another of my 
favorites is the Cloud. This bean is very similar to the Jet, 
excepting that it is from two to three weeks later in maturing. 
It will produce a little heavier crop both of beans and forage 
than the Jet, has equally good habits and retains many of its 
leaves until the grain is perfectly ripe. I have tested other 
varieties, but have found none of them of suffi cient merit to 
be enumerated here.
 “Briefl y then, I feel positive not only that the Soy bean 
has come to stay, but that its growth is still in its infancy, 
and I rather think that in 10 years from now it will be a 
very important crop. I think that as a grain producer it 
will compare favorably with any crop we have; that both 
in quantity and quality of forage it is not greatly excelled 
by any plant, with the exception of Alfalfa. Its fertilizing 
qualities are of the very best, and it may be used for silage 
with profi table results. I advise farmers, however, to grow 

it only in a moderate way for a year or two, because, while 
not especially diffi cult to grow, it has some peculiarities 
which should be thoroughly understood before attempting 
its extensive cultivation, and I would advise farmers to 
investigate individual varieties, and to be sure that they get 
something of the best when purchasing. It will probably be 
several years before these new varieties will be placed on 
the market in any considerable amounts, but with the interest 
that is now being taken in this plant, I think that in a short 
time it will be possible to obtain seed from the very best of 
the varieties which I have mentioned, as well as from some 
of the other choice varieties with which the Government is 
experimenting.” Address: Ohio.

279. M. 1910. Soy beans–Cow peas. Country Gentleman 
75(2991):517. May 26.
• Summary: “I wish to plant some soy beans with cow peas 
to be used for cattle feed. The cow pea grows naturally 
in this section, but I am informed that it is necessary to 
inoculate in order to get a crop. If such is the case, what is 
the best way to do it?... Will the same bacteria that inoculates 
the cow pea inoculate the soy bean?...”
 W.F. Massey answers, giving details on cultivating the 
two crops together. He begins: “Do not worry about the 
inoculation. Soy beans and cow peas will both grow rankly 
in your section...” Address: Worcester County, Maryland.

280. Healy, Henry W. 1910. Culture of the soy bean: 
Practical statement of “do” and “don’t.” Part I. Rural New-
Yorker 69(4048):623. May 28. Oversize.
• Summary: “There are many factors in growing any 
successful crop. What are the prime factors in growing a 
big crop of Soy beans? There are three: Available moisture 
at all times (and its corollaries, humus and good drainage), 
lime and good seed. The Soy bean, like corn, is a hot 
weather plant. It makes its greatest growth when the soil 
has least moisture. Unlike Red clover and Alfalfa, both 
root system and top must be developed within four months. 
It makes a greater growth from seed to harvest than any 
other legume. I will not even except Alfalfa, for Alfalfa has 
a tremendous root system already developed, in which is 
stored immeasurable vitality and energy, awaiting only the 
fi rst warmth of Spring to show its mature vigor.
 “With the Soy bean, the seed is planted in early May, 
and the crop harvested in September. It is safe to say over 
400 tons of water is required to produce a ton of green Soy 
bean forage. I am told that 15 tons green weight per acre has 
been grown, and I believe it. Think of the weight of water 
consumed, 6,000 tons, by one acre of Soy beans within a 
period of four months, and in the season of least rainfall and 
greatest evaporation. The Soy bean root will not live in a 
swamp or with free water near the surface of the land. Such 
moisture is not available, for the roots cannot develop to 
absorb it. The ideal soil is a thoroughly drained loam. well 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   160

© Copyright Soyinfo Center 2018

fi lled with humus to catch the rainfall. We must also cultivate 
and by an earth mulch save all the moisture possible.
 “Given well-drained soil, with plenty of humus, the 
nitrogen-gathering bacteria will thrive if also there is 
suffi cient lime to make the soil sweet. In the East this usually 
means an application of from 1,000 pounds to fi ve tons per 
acre, the lesser amount if quick or caustic lime be used. I 
have purposely omitted to mention inoculation. The bacteria 
in my experience are naturally present in soils that have a 
fair amount of humus. The addition of lime causes them to 
multiply exceedingly. If the soil is materially defi cient in 
humus, don’t try to grow Soy beans until you have turned 
under some other green crop, or applied a good dressing 
of manure, and added lime. Of course your soil may be of 
natural limestone formation, or it may have been recently 
limed. Even then an extra dose of lime will be a benefi t.
 “The mammoth [Mammoth] or late-maturing varieties 
may do well for the cotton States, but from Virginia 
northward use none but the medium or early kind. I have 
had best results with the Medium Green. It yields heavily 
in forage and ‘grain,’ and the leaves are not dropped till the 
beans are mature. Even when thrashed for the beans, the 
‘straw’ has a good feeding value and the cattle relish it. The 
United States Department of Agriculture in its pamphlet on 
the subject discourages the use of the Medium Green variety 
on account of the woodiness of the stalks. The stalks must 
of necessity be woody and tough to support a heavy growth 
of forage and grain. I have grown the Medium Green Soy 
beans for fi ve years. The average height of the topmost 
leaves varies from 40 to 48 inches. Occasionally they will 
measure 52 inches. I am told that the Hollybrook Yellow (an 
early variety) is good. I shall try a patch experimentally this 
year, but the main crop will be the old stand-by–the Medium 
Green. Some seed has been saved each year, and I feel sure 
that what I have now is more productive than its progenitors 
bought fi ve years ago.”
 “(Continued next week.)”

281. V.K.; Stone, J.L. 1910. Soy beets and sugar beets for 
hogs. Rural New-Yorker 69(4049):634. June 4. Oversize.
• Summary: “How do Soy beans succeed in western New 
York? How does their yield compare with pea beans [cow 
peas]? Can they be fed to hogs like corn or do they have to 
be ground or cooked? Are sugar beets valuable for hogs, 
especially if fed in connection with Soy beans?
 “V.K., Churchville, N.Y.
 “Soy beans have not yet been extensively enough grown 
in New York to enable us to give to the above questions 
defi nite answers, based on practical experience in farmers’ 
hands. New York is rather far north for the best results with 
Soy beans, still selected varieties do well, and the outlook 
for the more extensive growing of the crop is favorable. 
Medium soils and those containing plenty of lime are best 
adapted to the crop. Experiments indicate that they should 

yield somewhat more grain than pea beans, and, as a forage 
crop, many times as much. One should not conclude that 
he has given them a fair trial till he has grown crops with 
an abundance of nodules on the roots. To insure this, soil 
from an old Soy bean fi eld or artifi cial cultures should be 
resorted to. Experience with other beans would indicate that 
grinding or boiling would be advantageous, if not absolutely 
necessary, when feeding them to hogs. Sugar beets are an 
excellent food for swine, being nutritious, palatable and 
healthful. They may well be fed with Soy beans, but are not 
peculiarly adapted to balance the beans.
 “Soy beans are so rich in protein that they should 
always be fed with corn or some other food especially rich in 
carbohydrates. Fed extensively and alone they soon become 
too heavy a tax upon the kidneys. Probably one of the best 
uses of Soy beans in New York is to grow them with corn for 
the purpose of improving the quality of silage. We have seen 
fi ne crops, about one-fi fth of which was bean forage.
 “[Prof.] J.L. Stone.” Address: 1. Churchville, New York.

282. Burtt-Davy, Joseph. 1910. The soy-bean (Glycine 
hispida). Transvaal Agricultural Journal 8(32):620-26. July.
• Summary: Contents: Introduction. Description. Climatic 
requirements. Varieties. Planting and cultivation. Harvesting 
the seed. Returns of seed. Use of the seed for stock feed. Use 
of the seed for human food. Commerce in the seed. Soy-bean 
oil. As green forage. For ensilage. For hay. As a rotation crop 
for green manuring. Some co-operative experiment reports 
(from South Africa).
 “We have grown soy-beans successfully at Skinners 
Court and on the Springbok Flats since 1903. We have also 
tested them successfully in other parts of the country, but 
as there was no market for the beans, and farmers had not 
learned to use them for their own stock, they were not taken 
up as a regular crop. Another reason for this was that some 
varieties gave a uniformly poor germination, while on some 
soils, or under some conditions, none of the varieties did 
well.
 “We have continued our experiments and have now 
established a strain of seed which gives very satisfactory 
results. But owing to the variations in soil and the apparent 
necessity for inoculation (natural or artifi cial) in some cases, 
I cannot recommend farmers to plant largely until they have 
given the crop a trial on a small scale...
 “A variety brought by me from the United States in 
1903, known as the ‘Southern,’ has given the best results of 
any tried by us, both at Skinners Court and on the Springbok 
Flats. The seed harvested in 1904 we distributed extensively 
in different parts of the Transvaal, and have had favourable 
reports of it, both from the high veld and the bush-veld. 
The original stock was obtained through [seedsmen] J.M. 
Thorburn & Co., New York.
 “Writing from London, Messrs. Mitchell, Cotts & 
Co. state that only two varieties have been imported into 
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England in any quantity, viz., the north Manchurian or 
‘Harbin’ quality, exported from Vladivostok, and the south 
Manchurian or ‘Sakura’ quality, shipped from Dalny, both 
of which are described as very similar in appearance and 
composition; the ‘Sakura’ realizes about 2s. 6d. per ton 
more than the others. These are the classes which are most 
acceptable to the English market. Seed has been received 
through the courtesy of Messrs. Mitchell, Cotts & Co., and 
will be tried the coming season.”
 “Of the varieties grown in Europe we have tried 
Vilmorin’s ‘Extra-Early,’ ‘Extra-Early Black,’ and ‘Yellow 
Etampes’ at Skinners Court, but they did not thrive at all, 
even though grown alongside the ‘Southern’ which did 
excellently” (p. 621).
 A list of the names of soybeans grown in Japan, grouped 
according to seed color, is given. Among the six white 
seeded beans (Shiro Mame), Teppo Mame or ‘Gun Bean’ is 
“the sort principally used to make the famous Soy Sauce.” 
Maru Mame or ‘Bullet Bean’ is recommended as very 
valuable for horse food. The names of three black seeded 
soybeans (Kuro Mame) and three speckled seeded soybeans 
(Fuiri Mame) are also given. “These have not yet been tested 
by the Department, but seed is on order for trial next season. 
In the meantime I recommend farmers to restrict themselves 
mainly to the ‘Southern’ variety.” Note 1. In calculating 
yields, 1 muid = 3.33 bushels.
 “In China and Japan the soy-bean is an article of human 
diet. In Japan it constitutes a large proportion of the food of 
the people, a variety of dishes being prepared from it as well 
as foodstuffs similar to butter, oil, and cheese. A condiment 
famous among the Chinese under the name of ‘soy’, is made 
from this bean. The beans are of a pleasant taste when boiled, 
either in a green state or when ripe; in the latter state they 
need considerable soaking before use...
 “The Japanese are reported to extract the casein from 
soy-beans, using it as a substitute for milk. This vegetable 
drink is said to be a very popular drink among the poorer 
classes of China and Japan. The beans are fi rst softened by 
being soaked and then boiled in water.
 “Experiments are being made in Europe in the use of 
soy-bean fl our as an admixture with wheat fl our for bread. 
A biscuit is made and sold in Paris, containing soy-bean 
fl our, which has no starch, and is recommended for persons 
suffering from diabetes.
 “Biscuits seem to be the most likely form in which this 
fl our can be used, and two or three large English fi rms are 
now making them... A coffee substitute is made in America 
and on the Continent of Europe, out of soy-beans.”
 Note 2. This is the earliest English-language 
document seen (Nov. 2013) that uses the term “soy-bean 
fl our.” Address: F.L.S., etc., Governnment botanist and 
agrostologist.

283. Liardet, Cavendish Evelyn. comp. 1910. Soya beans. 

Liverpool, England: Northern Publishing Co. 27 p. Illust. 22 
cm.
• Summary: Contents: A new British industry–Soya beans. 
Introduction. Climatic and soil requirements of soya beans. 
Varieties of soya beans: The greenish yellow, the black, the 
brown, the green, the white. The culture and planting of 
soya beans. The inoculation of soya beans. Soya beans for 
hay: Curing the hay. Soya beans for pasturage. Soya beans 
in mixtures (with other plants): Soya beans and cowpeas, 
soya beans and sweet sorghum. Soya beans and ensilage. 
Soya beans for grain. Soya beans in rotation. Feeding value 
of soya beans: Feeding value for sheep, for dairy cows, for 
hogs. Storing soya-bean seed. Comparison of soya-bean 
grain and cotton-seed meal: Analyses of several varieties 
of soya beans, analyses of cottonseed, sunfl ower-seed, and 
peanuts, analysis of soya beans made for Mr. Liardet by the 
Imperial Institute of the United Kingdom and the Colonies 
(London), and the Hull Oil Manufacturing Co., Ltd., Homco 
Laboratory (Hull, England; on 15 Sept. 1909 H. Waites, 
chemist, submitted an analysis of black soya beans and white 
soya beans from North China). Soja bean oil. Comparison of 
soya beans and cowpeas. Summary.
 The Introduction notes that the Soya bean “has been 
extensively cultivated in China, Japan and India since ancient 
times; in the latter country it was introduced from China, 
but it does not yield the excellent pulse produced in China 
and Japan. It is the white variety that grows at Darjeeling, 
Himalaya Mountains, Bengal, India... From the (yellow) 
Soya bean that has of late been so largely imported (400,000 
tons) into this country within the last year it has been found 
that brown bread, fancy biscuits and ships’ biscuits can be 
made from the fl our, also Soya bread and biscuits (Pain de 
Soya Anti-Diabétique) for persons suffering from diabetes... 
In Paris, coffee is also made from this bean after being 
roasted and ground, and is used in many of the bouffées that 
are served on the Continent and is very extensively used 
abroad.”
 Mr. Liardet traveled in China. Note: This is the 
expanded version of a 14-page booklet issued in 1909 by the 
same publisher, reprinted from the periodical Milling. A copy 
of the 1910 publication arrived in the USA by 9 July 1910.
 Illustrations (non-original line drawings) show: (1) 
Typical Soya Bean plant, with pods and nodules (p. 1). (2) A 
soya bean plant, showing fl owering branch, with close-ups 
of fl ower, leaves, and pods (p. 8). (3) A young seedling soya 
bean, with roots (p. 10). (4) Soya bean plant in full bearing, 
with about 40 pods (p. 18).
 Photos show: (1) A plant of the large “Yellow” variety 
of Soya Bean, showing characteristic habit of growth (p. 6). 
(2) A fi eld of the large variety of “Yellow” Soya Bean (p. 
20). (3) Seeds and pods of 7 varieties of Soya Beans–Green, 
Medium Yellow, Black, Greenish Yellow, Pale Yellow, 
Brown, Large Yellow (p. 22). Address: China.
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284. Sornay, Pierre de. 1910. Étude sur les légumineuses 
[Study on legumes]. Ile Maurice (Mauritius), Station 
Agronomique, Bulletin No. 24. 122 p. See p. 44, 88. [Fre]
• Summary: The section titled “General advantages of 
legumes” states (p. 44): The peanut (L’arachide), the 
soybean (Soja hispida), and others are representative of 
oilseeds (graines oléagineuses).
 “In closing, we will not forget to mention, apart from 
the list that follows, that numerous legumes were tested by 
Mr. Boname at the [Agronomic] Station. We will only cite 
the most important.” Soja hispida is one of eleven species 
mentioned; it is one of only two species for which no 
common name is given (p. 88).
 Note: This is the earliest document seen (Aug. 2009) 
concerning soybeans in Mauritius, or the cultivation of 
soybeans in Mauritius (one of two documents). Address: 
Asst. Director, Colony of Mauritius, Station Agronomique.

285. Choles, H.J. 1910. Soy beans: Their cultivation and 
uses. A new Natal industry. Natal Agricultural Journal 
15(3):281-307. Sept. [4 ref]
• Summary: Contents: Introduction. I. Botany and habitat: 
Introduction, varieties. II. Cultivation: Conditions of growth, 
methods of culture, soy bean mixtures. III. Harvesting: When 
to harvest, curing, frame for curing soy bean hay, harvesting 
for seed, yield of seed, yield of forage. IV. Chemistry of 
the soy bean: Introduction, digestibility, soy bean oil, soy 
bean bake. V. Value and uses of the soy bean: Introduction, 
the uses of the soy bean (uses of the oil {7 uses}, uses of 
the bean as a vegetable in Natal {like marrowfat peas or 
haricot beans}, in bread or biscuits in Paris [France] for 
diabetics, in France and Switzerland as a coffee substitute or 
adulterant, soy bean fl our used for making bread and biscuits 
in England, soya meal for cattle feeding, oil-free residue 
made into cake for stock-breeding purposes, liquid closely 
resembling cow’s milk made in Japan, vegetable cheese 
[tofu] made from the milk, a sauce called “Shoyu” made in 
Japan, soy-bean cake used as a fertilizer in Japan and China), 
as a soiling crop, as a silage crop, as a hay crop, as a pasture 
plant, as a soil renewer. VI. Value of the bean for feed: 
Introduction, soy beans for hogs, soy beans for dairy cows, 
other experiments with milch cows.
 Illustrations (non-original line drawings) show: The 
soy bean plant with pods and roots (p. 280; from an original 
in Piper 1909). Flowering branch with close-ups on fl ower, 
leaves and pods (p. 285; from an original in Lamson-
Scribner 1899). Frame for curing soy bean hay (p. 291; 
reproduced from Messrs. Lever Bros. pamphlet on Soy Bean 
Cultivation, which we have never seen). Roots of soy bean 
plant with nodules (p. 301).
 Note: This is the earliest document seen (Aug. 2015) 
concerning Lever Brothers in connection with soybeans.

286. Redding, R.J. 1910. Farms and farmers: Inoculating 

legumes. Atlanta Constitution (Georgia). Dec. 5. p. 10.
• Summary: John Shanahan of Lawrenceville, Georgia, 
writes–”I would like to know if soybean needs to be 
inoculated if planted on land that has grown cowpeas?”
 “Answer–I have not found it necessary to inoculate 
either soybean, Japan clover or sweet clover. I planted 
soybean more than forty years ago, which was long before 
we heard of inoculating legumes, with entire success and 
have repeatedly done so since... On thin soils it may be that 
each of them would do better the fi rst year if the seeds or the 
ground be fi rst inoculated. Try some with and some without 
inoculating and you will then know for yourself.” Address: 
Griffi n, Georgia.

287. Jenkins, W.H. 1910. Corn and soy beans ensilage: 
Balanced ration for the cow. Country Gentleman 
75(3022):1226. Dec. 29.
• Summary: “For several years there has been much talk 
about growing corn and soy beans as a combination crop 
for the silo, but for lack of actual demonstrations as to the 
practicability of growing the crop, and its value, few farmers 
have experimented with it.”
 The writer tried growing corn and soybeans together 
on his farm in New York. They were “planted in alternate 
rows, three feet apart. Both the corn and beans were planted 
in drills, and the corn was thinned so it would ear well... 
The crop was cultivated as long as the horse could be driven 
between the rows, then the beans were left to run. They 
covered the ground and climbed to the top of the corn stalks, 
ten feet high, but this was in very rich soil and alfalfa sod. 
The corn eared well and there were full-grown beans in 
the pods. The crop was cut before the corn matured, and 
when the beans were in the green state, for a soiling crop. 
There was not enough to put into a silo, but the results when 
feeding the crop, in milk production and saving the grain 
ration, were very satisfactory. It was a nearly balanced and 
succulent ration.”
 The writer also describes the results of similar successful 
experiments by other farmers presented at another farmers’ 
institute in New York. Dr. M.D. Witter, who conducted 
experiments with corn and soy beans under the direction of 
Cornell University [Ithaca, New York], thinks “the largest 
crops are grown in soils inoculated with the soy-bean 
bacteria.”
 “The foregoing experiences with corn and soy beans 
prove their value both for a summer soiling crop and for 
ensilage; but the writer does not think they should take the 
place of alfalfa and clover on the dairy farm... But the point 
is that the crop of ensilage corn can be made more nearly 
a balanced ration and its value largely increased, and those 
can grow corn and soy beans who have not learned to grow 
alfalfa.”

288. Liardet, C.E. 1910. Soya beans. Queensland 
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Agricultural Journal 25(6):261-67. Dec. Continued, Jan. 
1911. [1 ref]
• Summary: Note: This article is reprinted from a 27-
page booklet compiled by Mr. Liardet, titled Soya Beans, 
and published in 1910 by the Northern Publishing Co. 
(Liverpool, England)–which see.
 “We receive so many inquiries concerning Soya beans 
from all parts of the State that we hail with great pleasure 
the publication of an exhaustive treatise on the subject by 
Mr. C. E. Liardet, China. In the interests of our farmers, we 
have taken the liberty of publishing in the Journal the most 
essential portions of the treatise...” An illustration (non-
original line drawing; facing p. 262) shows a typical Soya 
Bean Plant, with pods and nodules. Address: China.

289. Feilitzen, Hjalmar von. 1910. The employment of 
artifi cial cultures of leguminous bacteria for soil inoculation. 
Seventh International Congress of Applied Chemistry, 
Original Communications Section VII: Agricultural 
chemistry. p. 96-98. Held May 27 to June 2 in London, 
England. [Eng]
• Summary: Soil inoculation was introduced by Salfeld in 
1887, thereby rendering certain the successful cultivation 
of leguminous crops on soils on which they had previously 
failed, owing to the absence of nodule bacteria. Numerous 
inoculation experiments have been conducted on various 
papilionaceous crops, including lupins, serradella, and 
clover, by the Svenska Mosskulturföreningen, and the results 
have been satisfactory.
 In the 1890s, experiments were also made with Nobbe 
and Hiltner’s cultures of nodule bacteria, sold under the 
name of “Nitragin” and prepared by the Farbenwerke at 
Höchst. Vigorous growth of grey peas and clover was 
obtained. However no comparison was made in those 
experiments (in 1896 and 1898) with inoculating soil.
 Inoculating material soon ceased to be manufactured as 
the results obtained were too uncertain. Dr. Hiltner continued 
his investigations and prepared new cultures that were 
much more reliable. Experiments made with these new pure 
cultures in 1902 proved to be clearly benefi cial. However, 
application of inoculating soil gave distinctly better results.
 An experiment conducted in 1908 at Flahult, in which 
blue lupins were treated with inoculating soil, nitragin, and 
nitro-bacterine, showed that only the soil was effective; it 
increased the yields sixfold. Nitragin and nitro-bacterine had 
no effect at all.
 A discussion includes comments by Mr. John Golding 
(Derby), and Dr. H.B. Hutchinson. Soy is not mentioned. 
Address: Director of the Experiment Station of the Swedish 
Society for the Cultivation of Peat Land, Jönköping, Sweden.

290. Henderson (Peter) & Co. 1910. Henderson’s farmer’s 
manual (Mail-order catalog). New York, NY: Printed by John 
C. Rankin Co. 48 p.

• Summary: A photo on the cover shows farmers with 
pitchforks piling hay onto a wagon pulled by horses. Page 34 
is devoted to Soy Beans. Across the top of the page is written 
“Farm Seeds... Henderson’s High Grade. The top one-third 
of the page shows a photo titled “Early Soja Beans,” with a 
man standing in a fi eld of chest-high soybeans. The caption 
reads: “Field of Early Soja Beans at Central Experimental 
Farm, Ottawa, Canada.” Inset in the lower right corner of the 
photo is an illustration (line drawing) of a soybean plant with 
the words “Henderson’s Early Soja Bean” written on a scroll.
 Below the photo in large letters is written: “Early 
Green Soja or Soy Beans.” Below that in smaller letters: 
“Valuable for either fodder or grain. Produces enormous 
crops as far north as Canada. Ripening seed as far north as 
Massachusetts. A great soil enricher: Gathering nitrogen 
from the air. Especially valuable (in combination with 
Japanese millet and fodder corn) for ensilage. Supplying 
albuminoids for fl esh-forming food.”
 The text begins: “Soja beans have attracted much 
attention in recent years on account of their high feeding 
qualities, but all were too late to be of value in the Northern 
States. This early green variety has proved its earliness 
and value in the Northern States by not only producing 
large fodder crops, but ripening the seed as far north as 
Massachusetts.”
 “We recommend all farmers to plant this year at least an 
acre or two of our early Green Soja Beans and an equal area 
of Japanese Millet, to test and prove for themselves the value 
of the combination...” According to Prof. W.P. Brooks, of the 
Hatch Experiment Station, Massachusetts, the Soja Beans 
should be sown four to fi ve weeks after the millet. “Price, 
15c. lb.; $1.75 peck; $5.00 bushel, 60 lbs.; 10-bushel lots, 
$4.85 bushel.”
 Across the bottom of the page is written: “Henderson’s 
Superior Seeds are procurable only from us direct–we do not 
supply through Dealers.”
 An Index lists all plants that appear in the catalog. The 
last page in the catalog (p. 48), titled “Garden and Farm 
Books,” lists the author and title of about 50 such books, 
under six categories, with a brief description of each and the 
price. Includes books or booklets titled Forage Plants Other 
Than Grasses, Ginseng, Hemp, and the Peanut Plant: Its 
Cultivation and Uses. The most expensive book, postpaid, 
costs $2.00. Address: 35 and 37 Cortland St., New York, 
New York.

291. Hopkins, Cyril G. 1910. Soil fertility and permanent 
agriculture. Boston, New York, Chicago & London: Ginn 
and Co. xxiii + 653 p. See p. 154, 208, 211, 216, 222-23, 
229, 245, 249, 271-72, 275, 279, 290, 357, 457, 470, 602. 
Illust. Maps. 22 cm. Series: Country Life Education.
• Summary: Table 23, titled “Fertility in farm produce: 
Approximate maximum amounts removable per acre 
annually” (p. 154) shows the following: 25 bu of soy beans 
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removes 80 lb of nitrogen worth $12.00 (market value), 
13 lb of phosphorus worth $0.39, and 24 lb of potassium 
worth $1.44. Total value removed: $13.83. 2¼ tons of soy 
bean straw removes 79 lb of nitrogen worth $11.85, 8 lb 
of phosphorus worth $0.24, and 49 lb of potassium worth 
$2.94. Total value removed: $15.03. Therefore the total 
soy bean crop (beans + straw) removes 159 lb of nitrogen 
worth $23.85, 21 lb of phosphorus worth $0.63, and 73 lb of 
potassium worth $4.38. Total value removed: $28.86. Note: 
these fi gures are based on large numbers of analyses.
 The section titled “The fi xation of free nitrogen” states 
(p. 208): “These nitrogen-fi xing bacteria live in tubercles 
upon the roots of various legume plants, such as red clover, 
white clover, alfalfa, sweet clover, cowpeas, soy beans, 
vetch, fi eld peas, garden peas, fi eld and garden beans, etc. 
The tubercles vary in size from smaller than a pinhead to 
larger than a pea...” They tend to be large upon cowpeas and 
soy beans. “Several million bacteria may inhabit a single 
tubercle... if we fi nd the tubercles upon the roots of the 
plant, we know the bacteria are present within, otherwise the 
tubercle would not be formed.
 “It has been demonstrated that, as a rule, there are 
different modifi cations of nitrogen-fi xing bacteria for 
markedly different species of legume plants. Thus, we have 
one kind of bacteria for red clover, another for cowpeas, 
another for soy beans, and still a different kind for alfalfa.” 
However, there are noteworthy exceptions to this rule. 
Symbiosis is the term used by biologists to defi ne this 
relationship.
 Table 36, titled “Composition of plants (tops and roots)” 
(p. 222) gives the composition of soy beans. Only 10% of the 
air-dry matter, 6.5% of the nitrogen, 5.5% of the phosphorus, 
and 4% of the potassium is in the roots. “In the case of such 
annuals as cowpeas and soy beans, not more than on tenth of 
the nitrogen is found in the roots and stubbles, as a rule” (p. 
223).
 Chapter 15, titled “Rotation systems for grain farming” 
states (p. 229): “For southern Illinois and other Southern 
states, a four-year rotation of 1. corn, 2. cowpeas (or soy 
beans), 3. wheat (or oats), and 4. clover is very satisfactory; 
and a three-year rotation, in which it is more diffi cult to 
maintain the nitrogen, is 1. wheat, 2. corn, and 3. cowpeas; 
or 1. cotton, 2. corn and cowpeas, and 3. oats and cowpeas, 
in either of which soy beans may be substituted, and should 
be substituted in case of danger from cowpea wilt or other 
disease...” Address: Univ. of Illinois, Urbana.

292. Hutchinson, H.P. 1910. The soya-bean as an English 
crop. J. of the South-Eastern Agricultural College (Wye, 
Kent) No. 19. p. 318-21.
• Summary: “In May, 1909, twelve Soya-beans (variety 
unknown) taken from a sample supplied by a seedsman, 
were planted singly in twelve inch pots and kept throughout 
the experiment under glass at a temperature of about 65º F.” 

The plants grew well but developed few pods and failed to 
produce a satisfactory yield. No nodules were present on the 
roots.
 “By request, Professor Klinck of Macdonald College, 
Quebec [Canada], kindly sent, in March 1910, a few ounces 
of soil in which soya beans had been grown the previous 
year. Enclosed were two samples of Soya-beans–Early 
Tennessee (Brown) and Early Yellow.” Again the yield was 
poor and there were no nodules.
 Next, three soya-bean “plants of each variety were 
inoculated with the soil sent from the Macdonald College. 
The other six plants were not inoculated. The twelve plants 
were grown under the same conditions in the open air. No 
difference was noticeable until the fi rst week in August, 
when fl owering commenced. From this time a striking 
difference began to show itself between the two sets of 
plants. The inoculated plants, in all cases, continued to grow 
vigorously. The leaves retained their green colour, and the 
pods were large and well-fi lled.” By contrast, the leaves of 
the uninoculated plants turned yellow and dropped off, and 
the pods which developed were smaller and fewer in number. 
Nodules were present on the roots of every inoculated plant, 
“varying in size from small shot to a pea.”
 It was concluded that inoculation is essential, that 
soybeans could probably be cultivated profi tably in England, 
and that “Early Tennessee” is probably a suitable variety.
 Note: This is the 2nd earliest document seen (Jan. 2010) 
concerning soybeans in Quebec province, Canada, or the 
cultivation of soybeans in Quebec province. This document 
may contain the 2nd earliest date seen for soybeans in 
Quebec province, or the cultivation of soybeans in Quebec 
province (spring 1909). However, we cannot be certain that 
the “soil in which soya beans had been grown the previous 
year” was from Quebec; Prof. Klinck may have obtained 
the soil from outside Quebec in order to use it in the spring 
of 1910 in his experiments with soya beans. Moreover, we 
cannot be sure that Prof. Klinck grew soybeans at Macdonald 
College in 1910. In fact, the Report of the Minister of 
Agriculture of the Province of Quebec (Harrison 1915) seems 
to indicate that soybeans were fi rst grown at Macdonald 
College in the spring of 1911. It is not known from where 
Prof. Leonard Silvanus Klinck, who was in charge of 
agronomy work at Macdonald College, obtained these 
soybeans.

293. Imperial Commissioner of Agriculture for the West 
Indies (Barbados). 1910. Report on the Botanic Station and 
experiment plots, Antigua. Reports on the Botanic Station, 
Experiment Plots, and Agricultural Education, Antigua. p. 
1-26. For the year ended March 31, 1910.
• Summary: In the section titled “Condition and contents of 
nurseries, and distribution of economic plants, etc.” (p. 3-4) 
is a table (p. 3) containing an entry for “Soy bean,” which 
states: “The following fi gures give the number of seeds and 
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cuttings sent out during the year: -.” Soy bean–30 lb.
 In the section titled “Experiments at Skerretts and 
Scott’s Hill” (p. 13-26), under “Skerretts” (p. 13-26) is 
a subsection titled “Green dressing experiments” (p. 19-
22). A table (p. 20) titled “Returns from green dressing 
experiments” includes the “Soy, or soja bean.”
 On p. 21, the “Soy, or soja bean (Glycine hispida) is 
discussed at length. “On Sept. 23, 1/30-acre of three varieties 
of soy beans were planted. The varieties were D, H, and 
Early green. The last picking of seeds from these was made 
on Dec. 10. The results were (in tabular form): D–4 lb. 
shelled seeds. H–5 lb shelled seeds. Early green–6 lb shelled 
seeds.
 “The plants grew from 4 to 6 inches in height, possessed 
sickly looking, pale-green foliage, and on the whole looked 
unhealthy.
 “It was thought that the poor results obtained from this 
trial might be due to the lack of the soil organism [nodule-
forming bacteria] necessary to the crop. In consequence of 
this the plot was replanted on Dec. 24.
 “The return of shelled seeds from this second planting 
was as follows: D–24 lb. D–18 lb. Early green–19 lb.
 “As will be seen, the return from the second planting 
was far in excess of that obtained from the fi rst one. In 
addition to this, the general appearance of this crop was far 
superior to the previous one. The plants were taller, more 
bushy, and the foliage of a darker green.
 During the year under review, a considerable area of 
land was planted (138½ acres) with this bean as a green 
dressing. On the whole, the growth made by the plants was 
decidedly poor, and demonstrated the unsuitability of soy 
bean for a green dressing on soils which have not borne it 
before.” This general failure may well be due to “the absence 
from the soil of the particular variety of the nodule bacteria 
which lives in symbiosis with it. There is also the suggestion 
that a better yield may be obtained on soils where it has not 
been grown before, by treating them with soil in which the 
plant has been raised already.”
 In the subsection on “Green dressings” (p. 22-25), soy 
bean is mentioned several times (p. 22-23). The 1st table 
shows the percentage loss after drying green plants in air; 
Soy bean–31.6% (7 days after cutting. The soy bean has a 
much smaller loss than the others because of the numerous 
seeds formed by this plant). The 2nd table shows that 138¼ 
acres of soy beans were planted as a green dressing in 
Antigua in 1909. A 3rd table “gives the weights of different 
green dressings grown at Skerretts and other experiment 
plots.” 1/40 of an acre of soy bean was planted on Aug. 4 and 
reaped on Sept. 22. The “weight of green bush in pounds” 
was 57. The “weight of green bush per acre in pounds” was 
2,380. Note: The soy bean had the lowest weights of all 11 
plants tested.
 On the last page (26), the whole report is signed by T. 
Jackson, curator.

 Also discussed in this report are: Barbuda bean 
(Phaseolus lunatus), pigeon pea (Cajanus indicus), woolly 
pyrol (Phaseolus Mungo), cotton, ground nuts (Arachis 
hypogaea), Indian corn, sesamum, lima bean (Phaseolus 
lunatus), red cowpea (Vigna unguiculata), and Bengal bean 
(Mucuna pruriens).
 Note: At the head of the cover page and title page: 
“Imperial Department of Agriculture for the West Indies.” 
At the bottom of the cover page and title page: “Barbados: 
Issued by the Imperial Commissioner of Agriculture for 
the West Indies, 1908.” The label on the spine of the bound 
volume at the National Agricultural Library (USA) is: 
“Report of the Agricultural Department–Antigua–[1900/01 
to 1913/14”].

294. Lafar, Franz. 1910. Technical mycology: The utilization 
of micro-organisms in the arts and manufactures. Vol. I. 
Schizomycetic fermentation. Translated from the German 
by Charles T.C. Salter. London: Charles Griffi n & Co. xvi + 
312 p. Introduction by Dr. Emil Chr. Hansen (Principal of the 
Carlsberg Laboratory, Copenhagen). Illust. (90 fi gs). Index is 
in Vol. II. 23 cm. [Eng]
• Summary: This fi rst volume discusses bacterial 
(“schizomycetic”) fermentations. Richly illustrated, it also 
includes accurate historical background on many subjects. 
An extensive bibliography for both this volume and volume 
II appears at the back of volume II (p. 417-518).
 The Preface, by Emil Chr. Hansen of Copenhagen, 
states (p. vi): “Within the last two decades the study 
of Microbiology has made gigantic strides, both in the 
pathological and technical branches of the subject; and 
just as investigations into the Physiology of the higher 
plants gave the fi rst impetus to the establishment of 
Agricultural Experiment Stations in all countries, so, in 
like manner, have the Physiology of Fermentation and 
Technical Bacteriology called into existence, within the 
last few years, a number of Stations and Laboratories 
for the development of those branches of industry where 
micro-organisms play an important part.” The fi rst three 
chapters, comprising the introduction, give an interesting 
early history of the discovery of fermentation. Their 
contents: 1. The theory of spontaneous generation: 
Defi nition, discovery of fermentative organisms, Needham’s 
demonstration in favour of ‘Generatio Æquivoca’, 
Spallanzani’s experiments, Franz Schultze’s experiment, 
foundation of the science of antiseptics by Schwann, 
labours of Schröder and Dusch, Pasteur’s examination of 
the theory, Béchamp’s microzyme theory, spontaneous 
generation only unproven, not impossible. 2. Theories of 
fermentation: The alchemists–Stahl’s theory of fermentation, 
Gay-Lussac’s opinion, Cagniard-Latour’s vitalistic theory, 
Th. Schwann’s researches, Fr. Kützing’s general theory, 
Liebig’s decomposition theory, Pasteur’s theory. Nägeli’s 
physico-molecular theory, the enzymes and M. Traube’s 
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ferment theory, general defi nition of fermentation, so-called 
spontaneous fermentation of sweet fruits, decompositions 
effected by light and air.
 In Chapter 31, titled “The fermentation of cheese and 
allied decompositions” (p. 243-52) are sections on “Pure 
culture ferments” (p. 246-47) and “Natto and miso” (p. 247-
48; each a kind of “vegetable cheese”). The latter section 
also discusses the Soja bean, Fr. Haberlandt, koji, shoyu 
(called shojou, soy or shoyn), tofu and nukamiso. Reports 
by H.C. Prinsen-Geerligs “on the preparation (by the aid of 
fungoid ferments) of other dishes from soja beans in Chinese 
cookery, such as Taohu or bean-cheese [tofu], the sauce Tao-
yu, &c.”
 In Chapter 33, titled “The fi xation of free nitrogen by 
bacteria” (p. 259-71) are sections on “The discovery of 
leguminous nodules” (p. 261-62; Malpighi, Boussingault, 
Hellriegel), “Formation and functions of the nodules” (p. 
262-64; Lachmann, Frank, Woronin, Hellriegel, Wilfarth), 
“The nodule bacteria” (p. 264-66; organized albuminoids, 
Bacillus radicicola), and “The bacteroids” (p. 266-69). 
Concerning bacteroids: “The fi rst successful, artifi cial 
production of nodules by the aid of pure cultures was made 
by A. Prazmowski. This worker, in view of the absence of 
the sporogenic faculty in these organisms, changed the name 
of Bacillus radicicola, bestowed on them by Beyerinck, into 
Bacterium radicicola.”
 Note 3. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “bacteroids” (or 
“bacteroid”) in connection with root nodules on plants.
 Note 4. This is the earliest English-language document 
seen (April 2013) that uses the word “Taohu” to refer 
to Chinese-style tofu. Address: Prof. of Fermentation-
Physiology and Bacteriology, Imperial Technical High 
School, Vienna.

295. Sawer, E.R. 1910. Studies in agriculture. Series 2. The 
soya bean. Div. of Agriculture and Forestry, Natal, South 
Africa. 33 p. Reprinted from the Natal Mercury. [10 ref]
• Summary: Contents: 1. The agricultural romance. 2. The 
commercial aspect. 3. The adaptability of the bean. 4. The 
cultivation of the crop. 5. Soya bean oil. 6. A food for man. 
7. A stock food and fertiliser (the cake is widely used as 
an agricultural fertiliser in the Far East). A photo (opposite 
contents page) shows two men standing in a crop of soy 
beans at the Central Experiment Farm, Cedara, 1908-09.
 Concerning “Soya bean oil”: “In the Far East it is largely 
employed for edible purposes; it is suitable for cooking, for 
a salad oil, and as a component in such butter substitutes as 
margarine. In the ‘Mark Lane Gazette’ for Jan. 20, 1910, it is 
stated that one third of the frying oil used in London kitchens 
now comes from the soya bean, instead of from cotton seed 
as heretofore” (p. 21).
 Illustrations (all non-original) on unnumbered pages 
show: (1) A typical soya bean plant. (2) Botanical characters 

of soya bean, with close-ups of vegetative parts, fl oral 
parts, and fruit. (3) Seeds and pods of 7 varieties of soya 
beans. (4) Soya bean seedlings, with roots. (5) Roots of 
soya bean plant, with nodules (by Blanchard). (6) Curing 
frame for harvesting soya beans. Address: Director, Div. of 
Agriculture, Natal, Durban, South Africa.

296. Shaw, Norman. 1911. The soya bean of Manchuria. 
Shanghai, Statistical Department, Inspectorate General of 
Customs. China Imperial Maritime Customs. II. Special 
Series No. 31. 32 p. Also published by P.S. King & Son, 2 
Great Smith St., Westminster, London SW, England. [6 ref. 
Eng]
• Summary: Contents: Introductory. Varieties. The plant. 
Soil and climate. Cultivation. Soil infestation. Yield. Uses 
of the soya bean: In the Far East: Bean sauce or soy (called 
shoyu in Japan [whence the name “soya”] and chiang-yu 
in China), the Chinese paste chiang (incl. ta chiang {great, 
made with yellow soybeans} and hsiao chiang {small, made 
with soybeans and maize}), tofu (incl. fi rm tofu {tou-fu kan-
tzu}, tofu curds {tou-fu nao, curded with calcium sulphate 
instead of brine}, curd skin or yuba {tou-fu p’i}, layers of 
tofu pressed in cloth [pressed tofu sheets] {ch’ien-chang tou-
fu}, and “frozen curd” {tung tou-fu, tofu that is frozen then 
dried}), bean fl our, bean refuse {okara}, bean oil for food or 
industrial uses. Beancake and its uses. Uses in the Western 
world (beancake in Europe, and bean oil in Europe). The 
bean oil and cake industry in Manchuria. Trade development 
(statistics on exports from Newchwang have been kept since 
1864). Beginnings of the European trade. Bean oil and cake 
production in South Manchuria. Chief sources of supply. 
Map references. Supplementary note.
 Appendixes: 1. Table showing values (in Haikwan 
taels) per picul of [soya] beans, beancake, and bean oil at 
Newchwang, 1864-1909. 2. Graph showing monthly values 
(in silver yen) at Dairen of beans, bean oil, and beancake, 
1907-10. 3. Table showing estimated [soya] bean production 
of Manchuria in normal years, compiled by the South 
Manchuria Railway Co. in 1909. 4. Estimates of [soya] bean 
production of Manchuria for the last 5 years by province 
and territory, compiled by the South Manchuria Railway 
Company in 1909: Fengtien province 1,092,350 tons. Kirin 
province 626,500 tons. Heilungkiang province 280,250 tons. 
Grand total for all Manchuria: 1,999,100 tons. Estimated 
soya bean production in Manchuria has increased from 
600,000 tons in 1906 to a peak of 1,500,000 tons in 1908, to 
1,400,000 tons in 1910. Percentage contributed by various 
colors of soya bean in 1910: Yellow 80.1%, green 9.4%, 
white-eye 3.8%, black-eye 3.2%, and black 3.4%. 5. Table 
showing total export of [soya] beans and bean products from 
Manchuria, 1909. For export of soya beans: Dairen 51% 
of total, Suifenho [Suifenhe] 25%, Newchwang 23%. For 
export of bean cake: Newchwang 50%, Dairen 44%, Antung 
2%. For export of oil: Newchwang 75%, Dairen 21%, Harbin 
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1%. The writer frequently refers to Sir Alexander Hosie’s 
book on Manchuria (1901, 1904).
 The introduction begins: “It is only in the last three years 
that soya beans have become important in intercontinental 
commerce, and their rapid emergence from obscurity 
has, indeed, been one of the most remarkable commercial 
events of recent times. The circumstance that ‘the rise of 
a great export trade in beans is that fact that overshadows 
all others,... the soya bean thus taking at a bound a position 
equal to that of tea in the list of exports and, with the 
addition of beancake, even challenging the position of silk at 
the top of the list’”* (Footnote: * = “Statistical Secretary’s 
Report on the Foreign Trade of China in 1909”).
 The “bean district par excellence is the upland country 
beyond Moukden [Mukden] where the hills... are overlaid 
with wind-deposited soil...”
 “Cultivation: In Manchuria the beans are produced 
almost entirely by hand methods. The plough, which is 
drawn by quaintly mixed teams of oxen, mules, and donkeys, 
has only one handle and a rough steel-tipped cutter. The seed 
is sown by hand, on top of the drills, in April, and is covered 
by hand. A heavy hoe is used for a good deal of the turning 
and breaking. When the plant appears the earth is heaped 
up round it, so that the roots may derive the maximum of 
nourishment from the soil.”
 “The harvest takes place in September, and the pods are 
usually harvested before they are quite ripe, as otherwise 
they are liable to burst on drying, a loss of seed being thus 
occasioned. The plants are pulled up by hand or cut with a 
straight-bladed sickle in Manchuria, and collected into small 
heaps in order to facilitate drying, and, when dry, the seed 
is separated by means of a cylindrical stone roller having 
longitudinal cuts on its surface, which is dragged over the 
plants by a mule as they lie on the threshing-fl oor. After 
this primitive threshing operation has been completed, the 
beans are winnowed in the usual Chinese method–that is, by 
throwing them against the wind. The only manure used is 
a compost of stable manure and earth, which is often taken 
from the miry pools formed in the roads–the despair of the 
carter but a boon to the farmer. In countries where chemical 
manures are used, it is only necessary to apply potash and 
phosphoric acid where they are lacking, for nitrogenous 
manure is unnecessary, owing to the property which the soya 
bean possesses, in common with other leguminous plants, 
of obtaining nitrogen from the air by means of colonies of 
bacteria.”
 Yield: In 1867 the Rev. A. Williamson, who travelled 
in the upper Sungari district at the time and who appears to 
have been a very close observer, estimated a maximum yield 
of 2,000 lb., or 15 piculs, to the acre.
 The Chinese paste chiang is not the same as the 
Japanese paste miso. Chiang “is made by farmers and eaten 
with fi sh, meat, and vegetables, while the more expensive 
Chinese soy [sauce] is only made by wealthy families and 

restaurant keepers and is not consumed by the very poor. 
There are two kinds of chiang: ta (great) and hsiao (small).” 
Describes in detail how each is made. Great chiang is made 
from yellow soybeans, salt, and water. Small chiang contains 
a small amount of maize (p. 7).
 Industrial uses of bean oil: (1) As an illuminant, where 
it has not been superseded by kerosene oil. One advantage 
is that “no lamp is needed to hold it, the wick being inserted 
into the basin or plate containing the oil.” (2) As a lubricant, 
bean oil is used to a very considerable extent in north China 
and Manchuria “for greasing axles and parts of native 
machinery” (p. 8-9).
 In China, bean oil “is used as a substitute for lard, in 
cooking. Although it is inferior to rapeseed and sesamum oils 
for this purpose, these oils cannot compete with it in point 
of price... In spite of its unpleasant characteristic odour and 
unpalatability, the poorer classes in China consume it in its 
crude state, but among the rich it is boiled and allowed to 
stand until it as become clarifi ed” (p. 8). In Europe “Refi ned 
bean oil may be used as a salad dressing in place of other 
oils (but, owing to its unpleasant odour, is usually mixed 
with an oil of animal origin or with rapeseed oil), or in the 
manufacture of margarine, when a greater percentage of soya 
oil than of copra oil is allowed” (p. 10).
 Traditional methods of pressing out the oil yield only 
about half of that present in the seed (9% of the weight of 
the beans); the rest is left in the cake, and this distracts very 
much from its fertilizing value. “By gasoline extraction the 
beans give up practically all their oil, which, as refi ned by 
this process, is a clear, pure liquid, hardly resembling the 
muddy, dark oil produced in the old way” (p. 14).
 Photos on unnumbered pages show: (1) Seven varieties 
of soya beans: Large black, small black, large fl at black, 
small fl at black, two green, and two yellow. (2) Soybean 
root nodules. (3) A massive granite roller for crushing beans. 
(4) “Steaming vat with grating on which [soya] beans are 
placed in gunny bags during the steaming process.” (5) 
Native bean press, showing cakes in receptacle and log 
wedges driven in to press out the oil. (6) Modern bean press 
[hand turned screw?] set up in bean mill. (7) Oil-motor 
and crusher. (8) Modern crushing machinery. (9) Piles of 
beans in sacks awaiting loading onto trains at Changchun. 
(10) Color fold-out map titled [soya] “Bean districts of 
Manchuria.” A schematic diagram (in the form of a rhombus 
/ diamond) shows the probable relationships of the different 
groups of soya beans based on their color. A beautiful 
map, approximately 17 by 22 inches, is attached between 
page 26 and page 27. “Wuchang” [not Wochan] is in the 
area labeled “Yellow Beans” in the map. Other labeled 
growing areas on the map include “Grasslands,” “White 
eye,” “Black beans” [soy], “Maize” and “Green beans.” The 
major railways, rivers, roads, and towns / cities (with their 
Chinese characters) are shown. The major soybean markets 
(underlined) are Fenghwa / Maimaikai, Kungchuling, 
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Changtufu, Tungkiangtze, Sinminfu, Tienchwangtai, 
Newchwang, Kaiyüan, Tiehling, Mafengkow, Moukden, 
Takushan, Antung, Harbin, and Shwangcheng.
 Shaw fi nished writing this yellow book on 31 December 
1910.
 Note 1. This is the earliest document seen (July 2000) 
that mentions the South Manchuria Railway Company 
in connection with soybeans. This company was run by 
Japan. According to the Encyclopedia Nipponica (vol. 22, 
at “Minami”), the South Manchuria Railway Company 
(Minami Manshu Tetsudo K.K.) was established in 1905 
based on the Portsmouth Treaty ending the Russo-Japanese 
War; Japan took over the rights to the railway from Russia. 
The company started to actually run the railway in 1907.
 Note 2. This is the earliest English-language document 
seen (April 2013) that uses the term “frozen curd” to refer to 
dried-frozen tofu.
 Note 3. This is one of the earliest English-language 
documents seen (Sept. 2006) that repeatedly uses the word 
“bean” (not preceded by the word “soya”) to refer to the soya 
bean.
 Note 4. This is the 2nd earliest English-language 
document seen (Oct. 2012) that uses the term “tou-fu p’i” 
(regardless of capitalization or hyphenation) to refer to yuba.
 Note 5. This is the earliest English-language document 
seen (April 2012) that uses the term chiang-yu to refer to 
Chinese soy sauce. Address: 4th Asst., Custom House, 
Dairen.

297. Mairs, Thomas I. 1911. Some soiling crops for 
Pennsylvania. Pennsylvania State College. Agricultural 
Experiment Station, Bulletin No. 109. 20 p. Feb. See p. 4, 
8-10.
• Summary: A diagram of “Soiling crops” (p. 4) shows that 
they can be classifi ed as leguminous or non-leguminous, and 
each of these as annual or perennial. Soy beans are an annual 
leguminous crop.
 A section titled “The soy bean” (p. 8-10, which includes 
a large illustration of a “typical soy-bean plant”–including 
leaves, pods, roots, and nodules) begins: “The soy bean or 
soja bean is often mentioned in connection with cow peas. 
The two plants, however are quite different. The soy bean 
is an upright grower with a hard, woody stem, which is not 
so readily eaten by animals, and short pods with globular 
seeds. The cow pea has a more or less recumbent or trailing 
stem containing much less fi bre than that of the soy bean and 
has pods six inches or more in length with bean or kidney-
shaped seeds and shining instead of hairy leaves. Tests of the 
soy bean for soiling purposes at this Station have not been 
suffi ciently encouraging to warrant its recommendation... 
The seed of the soy bean is usually rich in both protein and 
fat but the tendency of the pods to snap open and scatter the 
seeds as they ripen renders the harvesting of a satisfactory 
yield somewhat diffi cult.”

 A table titled “Soy beans” (p. 10) shows for the years 
1902-1905 the date of sowing, date of harvesting, amount 
eaten per cow daily, and yield per acre (green forage, air dry 
substance, and crude protein). The best yields, in 1905, were 
(in lb/acre): Green forage 16,604. Air dry substance 3,238. 
Crude protein 427. Address: Agricultural Education, Centre 
County, Pennsylvania.

298. Lyon, T.L.; Bizzell, J.A. 1911. A heretofore unnoted 
benefi t from the growth of legumes. Cornell University 
Agricultural Experiment Station Bulletin No. 294. p. 364-74. 
March 11.
• Summary: Introduction: “It is well known that a 
leguminous crop, when vigorous and abundant, exercises 
a benefi cial infl uence on the soil and on succeeding crops. 
That a legume may benefi t a non-legume growing with it, 
by causing the non- legume to contain a larger quantity of 
nitrogen or protein, seems never to have been ascertained.
 “Experiments we have conducted with timothy growing 
with alfalfa, timothy growing with red clover, and oats 
growing with peas, show that the timothy and oats contain 
more protein when grown with the legume than when grown 
alone. The increased protein content of the hay crop thus 
produced is a matter of considerable practical importance. It 
indicates, moreover, that the non-legume receives, during the 
growth of the legume, a larger supply of available nitrogen 
than if grown alone.” Address: Both: Soil Technology.

299. Poverty Bay Herald (Gisborne, New Zealand). 1911. 
The soya bean. April 22. p. 2.
• Summary: “Will the soya bean ‘boom’ extend to Victoria? 
[Australia], asks the Age [an Australian periodical]. Present 
indications are that it will. In the meantime the bean is here 
[in New Zealand], if not the ‘boom,’ and the plant is thriving 
remarkably well. Last year the Department of Agriculture 
obtained four tons of the seed from Shanghai, and planted 
some on its experimental plot at Cheltenham, where the 
bean attained a height of fi ve feet on sandy soil, one variety 
yielding 13 tons and another 12 tons to the acre.”
 Note: Cheltenham is located just southeast of North 
Shore City, in the Auckland region of New Zealand’s North 
Island.”
 “On different soil at Ballarat [a city in central Victoria, 
Australia] an even more vigorous growth is shown. Mr. 
J.M.B. Connor, Superintendent of Agriculture, said recently 
that he considered the plant greatly benefi ted the soil by 
the nitrogen which the nodules extracted from the air. The 
uses of the soya bean are manifold. A Chinese in Victoria 
was handed a parcel of the beans to convert them into 
merchantable goods. He made them into bottled preparations 
known as soya milk, soya currants, soya cheese [tofu], straws 
for making soup and soya curd, which the Japanese use as a 
cure for sciatica.
 Note. This is the earliest English-language document 
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seen (April 2013) that uses the term “soya cheese” to refer 
to tofu. This is also the earliest English-language document 
seen (April 2013) that uses the term “soya curd” however it 
is not clear to what it refers.
 “In Manchuria it is primarily utilised for its oil extract 
and the manufacture of cake. The London Times reports that 
soya beans are now one of the principal imports of Hull, and 
are likely to seriously affect the importation of cotton seed. 
Their value is widely recognised by soap makers. The fi rst 
commercial crop was sent to Europe [from Manchuria] in 
1906, and the requirements from Manchuria for the coming 
season are estimated at 1,000,000 tons, worth £6,500,000. 
That Victorian farmers are alive to the possibilities of the 
soya bean is shown by the fact that Mr. Connor disposed of 
two tons and a half of the seed in small lots in one day.”
 Note: The meaning of “soya currants” and of “straws for 
making soup” is unclear.

300. Teichmann, William C. 1911. Soya-bean industry in 
Germany. Daily Consular and Trade Reports (U.S. Bureau 
of Manufactures, Department of Commerce and Labor) 
14(112):680-81. May 13.
• Summary: “The recent arrival at the port of Stettin, by 
direct shipment from Vladivostok, of 4,823 tons of soya 
beans, valued, according to the local press, at $166,600, 
marks the entry into this market of a new raw material for 
industrial exploitation.
 “Following the example of Hamburg manufacturers, 
Stettin capitalists have organised a company with a capital 
of 1,500,000 marks ($357,000) for the utilisation of the 
soya bean for industrial purposes. The removal of the 
German duty on these beans in March, 1910, will develop 
an industry of importance for several reasons: First, as a 
competitor of linseed oil, soya-bean oil can be sold at a price 
one-third lower than the former; second, as a valuable oil 
for soap manufacture, where such oils can be substituted; 
third, for cattle-feed purposes the residue remaining in the 
process of oil extraction can compete with the American 
cottonseed-oil cake. Meal can also be produced therefrom 
which, when mixed in correct proportion with wheat fl our, 
makes an edible bread or biscuit, provided the meal has been 
manufactured by the extraction process, which removes the 8 
per cent of oil present in the ordinary meal.
 “Some analyses have shown the bean to yield as high 
as 23 per cent of oil, but this is exceptional, and the average 
percentage is fi gured to amount to about 17 per cent; loss in 
manufacturing reduces this to 8 or 9 per cent. The ordinary 
meal contains about 8 per cent of oil and 41 per cent of 
protein, but by a refi ning process 90 per cent of this oil can 
be extracted, only 1 per cent of fat remaining in the meal, 
which has about 45 per cent of protein and 28 per cent of 
carbohydrates.”
 “Uses of the bean–Its culture outside of China: In 
Japan soya-bean oil [sic, soy sauce] is still used as a favored 

aromatic constituent of sauces, and enormous quantities 
are said to be absorbed there for this purpose. The bean 
is much used as a spice [sic]. A cheese called tofu is also 
prepared therefrom. The cakes are useful to a certain extent 
as fertilizers and as fodder, although defi nite conclusions as 
to the value of this feed have not yet been reached thus far... 
Scandinavia has become the largest consumer of the cakes 
made in England, Denmark alone having imported about 
150,000 tons during the 1909 season.
 “Efforts to cultivate the soya bean on European soil 
have been made as far back as 40 years ago, especially in 
Germany and Hungary, but as yet without success. Some 
investigations resulted in the alleged discovery that all these 
failures were to be ascribed to the absence of a specifi c 
bacterium, present in the plants in Manchuria but absent 
in those grown in Europe; in fact, not until this so-called 
Knoellchenbakterium [root nodule bacterium] had been 
cultivated in Japan and the seed inoculated therewith was 
the plant brought to growth in Europe. In Italy and southern 
France the cultivation of the bean is said to have shown 
better results than in Germany.
 “The demands made upon the yield in Manchuria, the 
hinterland of Kiaochow, and Shantung have created the 
necessity for the cultivation of this bean in other countries, 
and the Tropics and subtropics, as best adapted, will probably 
take up its production.”
 Note 1. This is the earliest English-language document 
seen (July 2016) that uses the term “cottonseed-oil cake” 
(plural or singular) to refer cotton-seed cake.
 Note 2. Stettin [Sczcecin] is the largest seaport in Poland 
(as of July 2014); it is located on the Baltic Sea and the Oder 
River. Address: Consul, Stettin.

301. Taylor, Wm. A. 1911. Re: Memorandum for heads of 
offi ces. Value of USDA work. Letter to Heads of Offi ces, 
Bureau of Plant Industry, USDA, Washington, DC, July 17. 2 
p. Typed, without signature (carbon copy).
• Summary: “The Secretary [of Agriculture] desires to 
complete at the earliest possible moment a ‘Summary of the 
estimated value of the Department of the Agriculture to the 
general public,’ such as was included in the so-called ‘Utility 
Statement’ which appeared as a part of the printed Littlefi eld 
report made by the Committee on Expenditures in the 
Department of Agriculture in 1907. A copy of this is attached 
here-with. Will you kindly note the items that relate to the 
work of your offi ce and prepare a memorandum showing any 
additional features of your work that should be included to 
bring the statement down to date.”
 The accompanying page itemizes contributions worth a 
total of $29 million. The three largest were: (1) Value of last 
year’s crop of durum wheat, introduced by the Department: 
$25,000,000. (2) Peach leaf curl–Annual saving resulting 
from spraying as recommended by the Bureau: $1,000,000. 
(3) Pear blight–Method of control introduced by the Bureau: 
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$1,000,000.
 Also [related to soy beans]: 18,000 cultures of nitrogen-
fi xing bacteria distributed for the year 1906, estimated cash 
returns: $200,000. Note: Commercial cultures were not yet 
considered reliable.
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–Correspondence with State Agric. 
Exp. Stations, 1899-1923. Box 12–Illinois-Indiana. Folder–
Indiana Experiment Station–#2.
 Sent to Soyfoods Center by Jacob Jones of Purdue 
Univ., Aug. 1998. Address: Asst. Chief, Bureau of Plant 
Industry, USDA, Washington, DC.

302. Newport, H.; Wood, C.E. 1911. Tropical industries: The 
soy or soja bean. Queensland Agricultural Journal 27(1):21-
27. July. [6 ref]
• Summary: The “fi rst introduction [of the soybean] into 
the Queensland tropics, if not into the State, was in 1900, 
in November of which year a consignment was received 
at the Kamerunga State Nursery, Cairns, from the head 
offi ces of the Department of Agriculture in Brisbane. In 
September, 1901, also, the records show some Soy bean 
seed to have been included in a parcel of seed received from 
the Biggenden State Farm, indicating that a supply had also 
been sent to that Institution in 1900, and possibly, therefore, 
to other State farms and agricultural institutions. At neither 
place do the results of this seed seem to have elicited any 
special report or attracted attention. For a season or two 
subsequently seed was available here but seldom applied for, 
and results did not warrant its advocation as a farm crop.” 
Thereafter until 1911 many variety trials were conducted, but 
with only modestly encouraging results in North Queensland.
 One section summarizes the results of soybean 
experiments in other countries, and another gives details 
on soybean cultivation in Queensland in 1910 using seed 
imported by the overseer, C.E. Wood and tested in May, 
June and October 1910, and Jan. and Feb. 1911: Yellow 
varieties from Manchuria, Shanghai, Japan, Tolga [in 
Queensland, where it grew well], Sydney, and Brisbane; red 
varieties from Shanghai and Manchuria, a black variety from 
Shanghai, A photo shows “A row of soy beans in the nursery, 
Kamerunga.”
 Pages 25-27 give details on cultivation of soy beans 
in Queensland: Climatic conditions, vitality of the seed, 
germination, method of sowing, growth and size of plants, 
ripening, returns, pests &c. [“the leaves were readily eaten 
by grasshoppers, caterpillars, slugs, &c.” The leaves are also 
fi nely perforated by an unknown insect], style of growth, 
root system, nitrogenous nodules, other varieties, and fi nally 
[conclusion]. “While the experiments at the Kamerunga State 
Nursery have in some points differed from and in others 
agreed with experiments in other places and countries, even 

allowing for the season, as yet the Soy bean has not shown 
itself capable of sustaining the valuable attributes ascribed 
to it in comparison with other legumes under the climatic 
and soil conditions obtaining in North Queensland. The 
experiments are, of course, being continued.”
 Concerning germination: “The North Queensland 
germinations averaged four days, seldom less and sometimes 
up to nine or ten days. Soaking or similar treatment of the 
seed expedited germination, but involved a greater risk 
should hot dry weather immediately follow the sowing in the 
fi eld. In sowing, well worked soil was shown to be essential. 
Deep planting is detrimental, and occasionally prevented 
germination. The best depth was found to be in 1 in. or less 
in moist weather; in dry weather slightly deeper. The soil 
must be prevented from caking once the plumule showed 
above ground, otherwise the seedlings pinch off easily.”
 Note: This is the earliest English-language document 
seen (Aug. 2008) the uses the word “plumule” in connection 
with the soy bean. Coined in 1727, “plumule” is a botanical 
term referring to the part of a plant embryo that develops into 
the shoot system, consisting of the epicotyl and fi rst leaves. 
Source: Oxford English Dictionary. Address: 1. Manager; 
2. Overseer. Both: The Kamerunga State Nursery, Cairns, 
northern Queensland.

303. Morse, W.J. 1911. Re: Report on trip to Monetta, South 
Carolina. Letter to Mr. R.A. Oakley, USDA, Washington, 
DC, Aug. 15. 3 p. Handwritten, with signature on hotel 
letterhead.
• Summary: “My dear Oakley: Spent Monday with Mr. 
Jos. [Joseph] M. Johnson at Monetta [South Carolina] 
and thought I would write you concerning the condition 
of our experiments there. You will no doubt recall that 
soybeans grown previously at Monetta were failures and an 
examination of the plant roots gave no evidence of tubercles. 
The plants last year reached a height of about 16 inches. In 
sending seed of the best soy beans, that is those found most 
resistant to wilt and root-knot [nematodes] last year, soil 
was sent from the soybean plat at Arlington Farm [Virginia]. 
The soy beans this year at Monetta are excellent. The plants 
of the two best varieties are three feet high. The plants are 
vigorous, have an abundant growth and a very extensive root 
system. The roots are covered with nodules of all sizes, some 
as large as a small-sized marble. Not a variety is less than 
two feet high. A very striking contrast to the previous year.
 “The other crops are doing fairly well, except the adzuki 
beans. The wilt has played havoc with the adzuki and mung 
beans. As yet there has been very little wilt in the soys and 
no evidence of root-knot.” “With best wishes,...”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse.
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 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., March 2012. Address: The Albion [hotel], S.J. 
Newcombe managing director, Augusta, Georgia.

304. Morse, W.J. 1911. Re: Report on travels. Letter to R.A. 
Oakley, Forage Crop Investigations, Washington, DC, Aug. 
22. 4 p. Handwritten, with signature on hotel letterhead.
• Summary: “My dear Oakley:...” Morse says he plans to 
visit the state experiment stations in North Carolina, then 
Urbana, Illinois, then Lafayette, Indiana [Purdue]. He can 
get more information on crops this way than by visiting 
farmers. “This was the case at the Florida and Alabama 
stations... I think I gathered quite a little valuable information 
on soybeans and cowpeas in addition to other forage crops.” 
Mentions Prof. Duggar.
 “The soybean question in Florida, I think, is much the 
same as that of South Carolina, namely, that of inoculation. 
In Alabama soybeans make an excellent growth and should 
prove an excellent forage crop for that state.”
 Note: This is the earliest letter seen (Aug. 2011) 
concerning travel plans written by William Morse. However 
his earliest trip behalf of soybeans was apparently to Florida 
and Alabama.
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse. Folder #1–Morse, W.J.
 Sent to Soyfoods Center by Jacob Jones of Purdue 
Univ., Aug. 1998. Address: The Southern [hotel], Mrs. J.H. 
Day, Proprietress, Jackson, Tennessee.

305. Sawer, E.R. 1911. Experiments with soya beans in 
1910-11. Agricultural J. of the Union of South Africa 
2(2):161-75. Aug. Plus 9 unnumbered pages of plates.
• Summary: Contents: Introduction. Variety experiments 
(1910-11): Weather, soil, manuring, planting, cultivation, 
harvesting, observations on individual varieties. Manure 
requirements. Time of planting experiment. Distance of 
planting experiment. “(To be continued.)”
 “An outstanding feature of the results of our experiments 
has been the marked modifi cation of the different types 
of soya bean in response to the altered conditions of soil 
and climate, and too much stress cannot be laid upon the 
necessity for allowing any variety to reach equilibrium 
before being approved or condemned” (p. 162).
 These experiments took place in Natal province. A large 
numbers of samples of seed were supplied to planters for 
trial, but, unfortunately, the results of these experiments were 
in many cases unfavorable owing to an exceptionally dry 
season and other causes. The experiments conducted at the 
experimental farms at Cedara, Winkle Spruit, and Weenen 
are, however, more complete and satisfactory; these include 
trials of different varieties, and experiments on the infl uence 

of soil, methods of cultivation, manures, and time and 
distance of planting.
 At Winkle Spruit (Natal) the average yield of all 
varieties tried during 1910-11 was 5 bags per morgen, with 
the best yield being 12 bags per morgen. [Note: A morgen is 
an old Dutch unit of land area equal to 2.1165 acres, used in 
southern Africa. A bag weighs 200 lb].
 In the variety trial at Weenen (Natal), the average yield 
of all varieties was 9 bags per morgen; the highest yield, 
14 bags, was obtained from the variety Mammoth. An 
interesting and important result of the experiments is the 
marked alteration of character which the soy bean undergoes 
owing to the infl uence of soil and climate.
 Varieties tested, arranged by the usual color groups: 1. 
Black seeded–Ebony, Kingston, Fairchild, Jet, Wilson, Han 
Kow, Black Beauty, Buckshot, Flat King. 2. Brown seeded–
Hong-Kong, Brownie, Early Brown. 3. Green seeded–
Parson’s Select, Tashing. 4. Greenish-yellow seeded–Austin, 
Okute, Haberlandt. 5. Yellow seeded: Ito San, Sakura, 
Sherwood, Butterball, Mercko, Sutton’s, Chinese White, 
Hollybrook, Yellow Mammoth. 6. Mottled seeded–Taha, 
Meyer. A detailed description and evaluation (3-10 lines) is 
then given of each variety. Photos show: (1) Men standing 
in a crop of soya beans at Cedara (1909-11, fi ve photos). (2) 
Seeds and pods of 7 varieties of soya beans.
 Illustrations (line drawings) show: (1) Soya bean plant 
with pods. (2) Roots of a soya bean plant, showing nodular 
development (by Blanchard). (3) Pole frame for curing soya 
beans.
 Tables show: (1) Results of variety experiments, 1910-
1911, at Cedara, Winkle Spruit, and Weenen. For each of 
the 32 varieties tested is given: Date sown, date harvested, 
plant height, average number of pods per plant, average 
number of beans per pod, and yield of beans per acre at each 
of the 3 locations, and average yield for all 3 locations. At 
each location the average yield for all varieties is also given: 
Cedara 590 lb/acre. Winkle Spruit 520 lb/acre. Weenen 
890 lb/acre (p. 164-65). (2) Period of growth at the three 
locations. For each month from Oct. 1910 to April 1911 is 
given the maximum and minimum temperature and inches 
of rain. The total rainfall for each location is also given (p. 
166). (3) Manure experiments at Cedara. For each is given 
the weight of stalks and beans per acre (p. 172). Address: 
Director, Div. of Agriculture, Natal.

306. Heron, E.H. 1911. O feijao soya e os seus usos 
[The soybean and its uses]. Reparticao de Agricultura 
Mozambique, Boletim (Mozambique Department of 
Agriculture, Bulletin) No. 5. 16 p. [Por; Eng]
• Summary: This excellent bulletin is written by a man who 
shows considerable knowledge of the subject. It is written 
in both Portuguese and English, with parallel text in two 
columns on each page. This information is of considerable 
value at a time when cultivation of soya beans is spreading in 
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Africa. However there is no indication that the soybean has 
ever been in or cultivated in Mozambique.
 Contents: The Soya Bean and its uses. Varieties: The 
yellow, the greenish-yellow, the black, the brown, the 
green, the white. Soil. Methods of culture. Quantity of seed 
sown per acre. The inoculation of Soya Bean. Harvesting 
for forage. Harvesting for seed. Threshing. Yield of seed. 
Average analysis (nutritional composition) of 6 varieties of 
Soya Bean seed. Yield of forage. Analyses of green fodder 
and cured hay. As pasturage. As a soil renewer. The Soya 
Bean meal and cake (A farinha e pao feito de feijào Soya; 
incl. composition). Summary.
 Note 1. This is the earliest Portuguese-language 
document seen (Sept. 2016) that uses the term A farinha 
e pao feito de feijào Soya to refer to “soya bean meal and 
cake.”
 The next paragraph begins: Duas libras de farinha ou 
tres de pao por dia... = Two pounds of meal or three pounds 
of cake per day...”
 Of more than 200 varieties tested, the yellow variety 
is recommended for Portuguese East Africa; it contains 17-
19% oil, whereas the black variety has 16.80%, the green 
17%, and the white 16.60%. These percentages may vary 
depending on the degree to which each variety is adapted to 
its environment, the soil quality, etc.
 Concerning yields, 100 pods have been obtained from 
one plant, but a good average for one fi eld is said to be 40. 
The height of the plants and the number of days to maturity 
varies. The yellow variety grows to a height of 3-5 feet and 
requires 120-150 days to mature; its seed must never be 
planted more than 2 inches deep. The greenish-yellow grows 
to a height of 3-4 feet, and the black 4-6 feet. The brown 
variety, which matures in 100 days, grows so tall that it tends 
to fall over [lodge]. The green matures in 90 days, grows 
as high as 3 feet, and produces kidney-shaped seeds, green 
throughout, and much larger than any of the other varieties.
 When harvesting a crop for seed, it is generally desirable 
to do so shortly before the pods are mature. If they become 
too ripe, they are likely to burst open [shatter] during drying 
and transportation to the machine, this causing a large part 
of the seed to be lost. A yield of 20 bushels [per acre] can 
generally be obtained on relatively poor soil, and an average 
of 25-40 bushels under average conditions. One bushel 
weighs between 20.5 and 21 lb.
 A table (p. 12) gives an average analysis of the six 
varieties of soya bean, with the following results (fresh or 
air-dried seed): Water 7.70%, protein (proteina) 35.40%, 
fat 20.35%, nitrogen free extract [starch, sugar, and gums] 
26.15%, fi ber 4.60%, and ash [minerals] 5.79%.
 When grown for green fodder or green manure, a yield 
of 7-12 tons/acre can be obtained, depending on the soil.
 The soya bean is especially well adapted to the maize 
and cotton belts. It generally requires about the same 
temperature as maize, and while it develops best on fairly 

fertile loams and clays, it grows well on poorer soil than 
maize will, provided that inoculation is present. The yellow 
variety succeeds well on sandy soils. The soya bean resists 
drought extremely well, yet it can also survive a period of 
excess moisture better than cow-peas or even maize. If the 
soil is too rich, the plant will develop at the expense of the 
seed. Thus, for seed production, a poorer soil is preferable. 
The ground can be irrigated if necessary.
 Concerning inoculation: Like other legumes, the soya 
bean can utilize the nitrogen in the air and add it to the 
soil by means of root nodules. These nodules are caused 
by certain bacteria, and if they are not present, soya bean 
plants will grow poorly; many will turn yellow and die. 
In fi elds where the crop has not been grown before, some 
diffi culty may be expected during the fi rst season from lack 
of inoculation. However a new fi eld may be inoculated by 
either the soil transfer method, or by the use of pure cultures. 
The soil transfer method consists in scattering soil from a 
well-inoculated soya bean fi eld over the new ground at the 
rate of 200-300 lb/acre. To ensure even scattering, this soil 
should be thoroughly mixed with several times its weight of 
ordinary soil. The scattering should be done on a cloudy or 
wet day, or late in the evening, and harrowed in immediately, 
as bright sunlight is very harmful to the germs [bacteria]. 
When the fi rst crop is a failure in isolated places where 
neither pure culture nor inoculated soil can be obtained, a 
small crop must be grown successively 2-3 times on the 
same plot until a good growth is apparent, showing that the 
soil has become inoculated; such soil can then be used to 
inoculate large areas.
 “The Soya Bean should be an invaluable crop in the 
Zambezia District. It could be planted in the cocoa-nut 
plantations, to enrich the soil, give fodder to the working 
cattle and be a source of profi t in supplying food to the 
natives; the surplus seed being sold readily in South Africa. 
It also helps in keeping down the weeds.”
 “In West Africa, great progress has been made in the 
cultivation of Soya Bean, where the percentage of oil in the 
beans is higher than in those from Manchuria, Japan, and 
U.S.A. There is no reason at all why Portuguese East Africa 
should not do just as well and introduce the Soya Bean as 
another staple crop.
 “Taking into consideration the rainfall, climatic 
conditions, and the rich, sandy and open nature of the soils 
found in the higher land in Gaza and Inbambane, the Soya 
Bean should prove a profi table crop.
 “There is a ready market in Europe and South Africa the 
price being about £8 per ton.”
 Note 2. This is the earliest document seen (Aug. 2009) 
concerning soybeans in connection with (but not yet in) 
Mozambique.
 Note 3. This is the earliest Portuguese-language 
document seen (Jan. 2016) that uses the word proteina 
to refer to protein in connection with soybeans. Address: 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   173

© Copyright Soyinfo Center 2018

M.H.A.C., Mozambique.

307. Li, Yu-ying; Grandvoinnet, L. 1911. Le soja [The 
soybean]. Agriculture Pratique des Pays Chauds (Bulletin du 
Jardin Colonial) 11(103):270-94. Oct. [43 ref. Fre]
• Summary: Contents (continued): The needs of the soybean 
(continued): Fertilizer (infl uence of fertilizer, organic 
fertilizer, minerals, nitrate of soda {nitrate de soude}, 
potassium chloride {chlorure de potassium}, phosphate 
fertilizers), preparation of the soil, the place of the soybean 
in rotations. 3. Sowing soybeans: Study of the seeds (weight 
of seeds, germinative faculty, selection of seeds), time of 
planting, spacing of the plants, depth of sowing, quantity of 
seeds to use per hectare, method of sowing. 4. The soybean 
during its vegetative stage: Germination, transplanting, types 
of maintenance, irrigation, fl owering and fructifi cation, 
enemies of the soybean (Ennemis du soja; insects [especially 
the larva of the spring beetle, Agriotes segetis], the caterpillar 
of la Vannessa Cardue (Belle dame), rabbits or hares, fi eld 
mice and hamsters).
 5. Soybean harvest: Time of harvest (for forage, for 
seed), practical methods of harvest (for forage, for seed), 
threshing (and storage of the seed), yields (of forage, 
seed, reports from various countries and U.S. states, 
harvesting losses, yield of nutritive elements). 6. Fixation of 
atmospheric nitrogen by the soybean and improvement of 
the soil. 7. The soybean in mixed cultures and intercropping: 
With corn, cowpeas, rice, sorghum, sugar cane, or millet. 
Contains various charts and tables from other sources.
 Concerning germination: The emergence of soybeans is 
retarded in soils that are hard, dry, or poorly cultivated. You 
must then seek to have, in appropriate fashion, a suffi cient 
loosening of the layer that covers the seeds.
 Emerging from the soil generally takes place in a week 
under ordinary circumstances. The plant develops slowly at 
fi rst then grows quickly.
 The growth of the soybean plant is rapid and allows two 
harvests per year in some climates (such as North Carolina, 
Tunisia, and certain provinces in China). Address: 1. 
Counseiller de 1ere classe au Ministère de l’Agriculture de la 
Chine; 2. Ingénieur agricole (G.).

308. Christie, G.I. 1911. Methods of soil conservation. 
Angola Herald (Angola, Indiana). Nov. 22. p. 2.
• Summary: “’Conservation as it applies to soil fertility,’ was 
the general theme discussed in an address before the Indiana 
Conservation Congress at Indianapolis, Ind., on October 
28 by G.I. Christie, superintendent of Purdue University’s 
department of agricultural extension.”
 “More legumes are needed: Professor Christie believes 
that farmers should grow legumes. They are valuable both as 
soil improvers and stock foods, fi nding an important place 
in the rations of most farm stock. They add nitrogen and 
organic matter to the soil, and experiments on the Purdue 

plats show the soy beans and cow peas to be valuable as 
cover crops on wheat stubble land.”
 “Clover should form part of the crop rotation, but if this 
crop fails, the soy beans and cow peas will prove valuable 
substitutes.” Address: Superintendent of Agricultural 
Extension, Purdue Univ.

309. Young, R.A. 1911. Re: Soy beans sent to Kamerunga 
State Nursery, Australia. Letter to Mr. W.J. Morse [Bureau 
of Plant Industry, USDA], Dec. 22. 1 p. Handwritten, with 
signature on letterhead.
• Summary: “Dear Mr. Morse: Please note this letter of Oct. 
17, from the Kamerunga State Nursery, re soy-beans sent 
them. Can you supply samples of seed grown in very hot 
localities?”
 Morse replied to Young on Dec. 27 (typed with signature 
on USDA BPI Forage Crop Investigations letterhead): “As 
our supply of 1911 seed is now on hand, I will be able to 
supply you with a number of varieties that no doubt will 
prove of promise.
 “Referring to the letter of October 19th to Mr. Fairchild 
concerning the poor growth of the varieties of soybeans, it 
might be that this was due to lack of inoculation. It might be 
well to send a small amount of inoculated soul along with the 
variety. Yours very truly,...”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., March 2012. Address: Foreign Seed and Plant 
Introduction, Bureau of Plant Industry, USDA [Washington, 
DC].

310. Hartwell, Burt L.; Pember, F.R. 1911. The gain in 
nitrogen during a fi ve-year pot experiment with different 
legumes. Rhode Island Agricultural Experiment Station, 
Bulletin No. 147. 14 p. Dec.
• Summary: “The ability of legumes to secure nitrogen 
from the air is now so generally recognized that progressive 
farmers avail themselves of every opportunity to grow such 
crops whenever the accumulation or maintenance of nitrogen 
is of importance.” Yet relatively few experiments have been 
conducted “showing the actual amount of gain in nitrogen 
which results when different legumes are grown in ordinary 
soil” (p. 3).
 “This bulletin contains the details of a fi ve-year 
experiment in pots 12 inches in diameter, to ascertain the 
amount of nitrogen secured from the air, whether through 
the infl uence of nodule bacteria or of other micro-organisms, 
during the growth of legumes in a light gravelly soil, without 
the addition of nitrogenous manure but with optimum 
amounts of other manures” (p. 13).
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 The legumes used in the experiment were cowpea, 
soy bean (Glycine hispida, Maxim), white-podded adzuki 
bean (Phaseolus angularis, Willd.), and crimson clover. 
Examination of the roots revealed the presence of nematodes, 
which injured the clover and vetch, but not the soy bean 
or cowpea plants. Detailed tables (p. 8 and 11) show the 
changing amounts of nitrogen in the plants and soil, and the 
gain in nitrogen for each pot during the 5 years.
 “The large amount of nitrogen secured from the air 
during this experiment, should still further impress the 
farmer with the desirability of attempting to introduce into 
his rotations such legumes as cowpea and soy bean” (p. 14). 
Address: 1. Ph.D., Chemistry (in charge of experiments in 
plant physiology); 2. M.Sc., Asst., Plant Physiology.

311. Russell, H.L. 1911. Report of the director: 1910-1911. 
Wisconsin Agricultural Experiment Station, Bulletin No. 218. 
78 p. Dec. See p. 14-16, 18-19, 38.
• Summary: The section titled “Soil management 
investigations” begins (p. 14): The results of soil building 
treatment on poor sandy soils, tried on the Soils experimental 
fi eld at Sparta [Wisconsin], in charge of Mr. Ullsperger, have 
been favorable this year. By the use of commercial fertilizers 
(phosphate and potash) a crop of serradella was produced in 
1910 which supplied the fertility for a 45-bushel crop of corn 
in 1911, while the yield of corn following medium red clover 
on land similarly treated was only 30 bushels per acre. For 
this type of barren land that is too poor to allow a good catch 
of clover, annual legumes such as serradella, cowpeas, and 
soy beans seem better adapted, and the turning under of such 
crops gives the necessary nitrogen and humus foundation to 
such soils.”
 The section on “Improvement of farm crops” begins (p. 
15): “For several years the soy bean has been under treatment 
by the Agronomy department to adapt more perfectly this 
important legume to Wisconsin conditions. This plant is 
of much value both for forage and seed purposes, and is 
of service in building up light soils. The attempt has been 
made to secure a more uniform, high-yielding plant. The 
variation in yield on the station farm last season ranged from 
30 to over 400 pods per plant, while plantings from the high 
yielders this year show a higher average with more uniform 
yields from individual plants.
 “With the decline of fl ax culture, paint manufacturers 
have experienced considerable diffi culty in securing linseed 
oil. As soy beans contain 16 to 18 per cent of a semi-drying 
oil, Prof. R.A. Moore has attempted to utilize soy bean oil 
for this purpose. Five hundred bushels of beans have been 
grown this year for an experiment with one of the leading 
paint companies to study the value of this oil.”
 Continuing near the bottom of p. 16: “Tests with soy 
beans at Spooner and Ellis Junction stations in which an 
improved strain of the Early Black variety was used that was 
developed at the Iron River station, indicate the adaptability 

of this variety for seed production in Northern Wisconsin. 
Soy beans seem to be of great value for the sandy soils of 
this section, particularly in dry seasons. On new breaking 
they give a valuable crop of hay or grain the season when 
sown.
 The section titled “Soil inoculation for legumes” (p. 18-
19) states: “Trials have been carried on during the past eight 
years by the Agronomy department to determine the value 
of commercial bacterial cultures for the inoculation of soils 
for legume production. Nitragin, Farmogerm, Hiles Nitrogen 
Producer, and bacteria-laden soil from plots on which 
different varieties of legumes had previously developed, 
have been tested for alfalfa, fi eld peas, navy beans, red 
clover, soy beans, and sweet clover.
 “Experience with these cultures has shown that 
while in some instances satisfactory inoculation has been 
secured, they are frequently unreliable, and fail to produce 
nodules upon the roots (of the respective legumes), while 
inoculation with infected soil has been uniformly successful. 
These fi eld trials indicate that success in growing legumes 
can be secured without the necessity of inoculation with 
cultures that are more or less of an expense.” The section 
on “Demonstration work at northern substations” states 
(p. 38): “Experiments are therefore in progress which are 
designed to show the effect of different methods of soil and 
crop treatment. Trials have been conducted with legumes, 
such as alfalfa and soy beans, which indicate the necessity 
of inoculation of the soil in order to secure the best results. 
Rotation experiments, fertilizer trials with phosphate and 
other fertilizers, and the infl uence of various methods of 
drainage, including both tile and surface drainage, have been 
inaugurated.” Address: Director of the Station, Madison, 
Wisconsin.

312. Boname, P. 1911. Soja [Soybeans]. Ile Maurice 
(Mauritius), Station Agronomique, Rapport Annuel For the 
year 1910. p. 67-71. Also titled Bulletin No. 25. [1 ref. Fre]
• Summary: Summarizes the world soybean situation and 
soybean uses, then states: “We believe that this crop culture 
has been tried this year in various small plots on Maurice. 
We have distributed seed from various sources but we do not 
have precise information on the results obtained.” The need 
for nitrogen fi xing bacteria is discussed.
 Note: Moutia (1975, p. 218) states that in this report 
“Boname called soybean a fashionable plant, referring to 
the huge quantities being imported into Europe and to the 
yields of 4 to 10 hectoliters of seed per acre being obtained 
in the United States. ‘It is really a crop to try,’ he wrote, 
‘being better than cowpeas in that fl owering is uniform and 
pods come to maturity all at the same time.’ The 1910 trials 
at Reduit had given better results than those obtained in the 
past. When sown between December and March, soybean 
matured in 2½ to 3 months, yielding 7 to 8 hectoliters of 
well-formed seed per arpent of full stand, or 6,000 to 7,000 
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kg of green fodder. In addition to hares, the other pests were 
birds, snails, and the bean fl y Agromyza.
 “Soybean was planted on a small scale in Mauritius in 
1910 and the not very encouraging results were thought to 
be perhaps due to the absence of the special bacteria–the 
particular Rhizobium strain–which the newly introduced 
legume required.” Address: Directeur, Station Agronomique, 
Mauritius.

313. Gardner, Henry A. 1911. Paint technology and tests. 
New York and London: McGraw-Hill Book Co. ix + 266 p. 
See p. 8-9. Illust. Index. 24 cm. [1 ref]
• Summary: In Chapter 1, titled “Paint oils and thinners” 
is a long section on “Soya bean oil” (p. 6-9). Although the 
oil has been used for many years overseas for soap-making 
purposes, its use as a drying oil is comparatively recent. In 
1909 it was introduced into the U.S. paint industry when 
linseed oil started on its “astonishing rise in price.” A 
mixture of 25% soya oil with 75% pure linseed oil has been 
found to give good results. Since soya oil is actually a semi-
drying oil, it may be caused to dry more rapidly when mixed 
with manganese and lead lineolate driers. “By compounding 
it under heat with tung oil and rosin, a substitute for linseed 
oil is produced which some claim to be quite valuable.”
 Tables show: (1) “Chemical characteristics of soya bean 
oil” (p. 8). The specifi c gravity, acid no., saponifi cation no., 
iodine no., and per cent of foods are given for seven samples; 
also the average. (2) “Iodine values of linseed oil and mixed 
oils.” The three mixtures are 25%, 50%, and 75% soya bean 
oil. (3) Soya bean oil and driers (3 tables, p. 9). The driers 
are lead, manganese, and manganese plus lead.
 Photos show: (1) The Mammoth variety of soya bean 
plants growing in a fi eld. (2) Soya bean plants (Glycine 
hispida) under cultivation at Arlington, Virginia (both 
photos courtesy of David Fairchild, Plant Explorer, USDA). 
(3) Seeds and pods of fi ve soya bean varieties: Samarow, 
Guelph, Yosho, Haberlandt, and Tokio. (4) An uprooted soya 
bean plant “showing nitrogen gathering tubercles on roots.”
 Note: This is the earliest English-language document 
seen (Sept. 2016) that contains the term “iodine no.” 
(abbreviation). Address: Asst. Director, The Inst. of Industrial 
Research, Washington, DC; Director, Scientifi c Section, 
Paint and Varnish Manufacturers’ Assoc. of the United 
States, etc.

314. Hickory Seed Company. 1911. Cow peas, soy beans, 
legumes. Hickory, North Carolina: Hickory Seed Co. 20 p. 
Illust. 23 cm.
• Summary: Contents: Announcement (“As usual, this 
season we are making a specialty of leguminous seed. The 
interest in all legumes still commands the attention of the 
progressive farmer. We have harvested a good crop of both 
Cow Peas and Soy Beans this season and our prices are 
reasonable”). Terms. Special notice.

 “What is the best way to sow cow peas or soy beans, and 
when?
 “If we briefl y consider the type and nature of these 
plants we can perhaps arrive at a better understanding of 
their requirements, and therefore answer the question more 
satisfactorily.
 “First, let us understand that the cow pea is essentially 
a bean, and the soy bean is a pea, therefore, as the seeding 
plants differ it will explain some of the differences found 
when both are given the same conditions of planting. Both 
plants are natives of southeastern Asia and therefore are 
naturally suited to warm latitudes. Both are leguminous 
and, like all their kind, bear tubercles on their roots which 
gather nitrogen from the air. Both are valuable therefore in 
restoring fertility. The bacteria forming the tubercles on the 
roots of the cow pea seems to be common in almost all soils, 
but the bacteria which use the soy bean as a host plant are 
not commonly found in our fi elds. The cow pea therefore 
will usually thrive better during the fi rst few years of its 
introduction into a locality than will the soy bean, although 
by inoculation, which is easily accomplished, the soy bean 
will thrive equally well.
 “Cow peas and soy beans require a warm seed-bed for 
perfect germination, since the seed of both plants are liable to 
rot if planted in cold soil. The time of planting them should 
be delayed until the ground has thoroughly warmed. Neither 
of these plants will stand as much cold, unfavorable weather 
as corn; therefore if the corn is planted fi rst and the peas and 
beans immediately after the soil will usually be suffi ciently 
warm, and in a normal season there will even then be an 
abundance of time for full development of the plants before 
frost comes. For latitudes similar to central Illinois May 18th 
is early enough to plant either of these crops: The earlier-
maturing varieties of both can be planted as late as July 10th, 
and frequently mature seed.
 “The preparation of the seed-bed for either cow peas or 
soy beans is the same as for corn, and like corn, they both 
respond readily to any extra preparation of the seed-bed. 
Since the seed of each is comparatively small it is advisable 
to place considerable stress on careful and complete 
preparation of the seed-bed.
 “Two general methods of planting are practical–drilling 
and broadcasting. In all respects the fi rst is preferable, 
since it uses less seed to plant a given area, which is no 
unimportant item, and besides it allows cultivation, thus 
keeping down weeds and increasing the yield of seed or hay. 
Where sown broadcast a seeding of at least 1½ bushels per 
acre is required, while drilling requires from ½ to 1 bushel 
instead.
 “In drilling, the ordinary wheat drill with every third or 
fourth spout sowing, depending chiefl y on the use to which 
the grower wishes to put his crop, may be used to excellent 
advantage. If sown for seed or for hogging off, a distance 
of from 16 in. to 32 in. between the plants in the rows and 
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at least 4 in. between the plants in the row has given best 
results. If grown for hay a thicker planting is advisable, since 
the stems will then be less large and woody. Both of these 
plants are great lovers of sunlight, and if crowded so that the 
plants shade one another a reduction in the development of 
plant and in the yield of seed is the result.
 “So far as the writer is able to learn the most successful 
and largest growers of cow peas or soy beans sow them 
with some make of drill placing the rows from 16 in. to 
32 in. apart, the most common width being 24 in. Some 
growers use a corn planter with a drill attachment, straddling 
the rows, making them in this way 21 in. apart, but the 
same growers consider this width too close. The Illinois 
Experiment Station in its trials covering more than fi ve years 
has found the ordinary disk drill, with every third spout 
sowing, to be the best and most rapid way of seeding these 
crops. This width, 24 in., has also given us our best yields of 
both grain and hay. This width too admits of cultivation with 
the ordinary corn cultivator and yet it is so close together that 
the plants soon shade the ground and effectually prevent the 
growth of weeds. This width between the rows allows the 
seeding of four rows at each through since the fi rst, fourth, 
seventh and ninth disks are sowing. To place the beans or 
peas thickly enough in the row will require a good half 
bushel of seed per acre.
 “The culture of these crops differs in no particular 
from that of corn, except that it is best not to cultivate when 
the leaves of the plant are wet with dew or rain, since the 
soil then adheres to the leaves and thus seems to favor the 
development of rust and disease. The soy bean ought to be 
grown in every state where corn is grown. Since it is an 
upright growing plant, not a vining plant like the cow pea, 
it can be harvested and bound in bundles with the ordinary 
grain binder, similar to oats and wheat. If grown for hay 
it furnishes a feed analyzing higher in feeding value than 
clover. If grown for grain we have a concentrate of greater 
value than wheat-bran and equal to linseed-meal The protein, 
carbohydrates and fat are the three constituents of feeds. 
The protein is the valuable and expensive constituent. The 
relative value of the soy bean is shown therefore by the 
following fi gures which give the percentage composition of 
the four crops shown:”
 A table shows the protein, carbohydrate, and fat content 
of bran, linseed, soy beans and cow peas.
 Note: This catalog is owned by Special Collections, 
USDA National Agricultural Library, Beltsville, 
Maryland. It has been digitized and is available on the 
Internet Archive website: https://archive.org/details/usda-
nurseryandseedcatalog Address: Hickory, North Carolina.

315. Imperial Commissioner of Agriculture for the West 
Indies (Barbados). 1911. Report on the Botanic Station and 
Experiment Plots, Antigua. Reports of the Botanic Station, 
and Experiment Plots, and Agricultural Education, Antigua. 

p. 16-29. For the year ended March 31, 1911.
• Summary: In the section titled “Experiments at Skerretts 
and Scotts Hill” (p. 16-29), the subsection titled “Soy or soja 
bean bean (Glycine hispida)” states (p. 29): “On January 
25, a 1/10 acre plot of four varieties of this bean, i.e. D, H, 
Early Green and Yellow, were planted. A few of each of the 
varieties when being reaped were mixed by the pickers; in 
consequence of this only the total weight of the four varieties 
was taken. This was 34 lb. of shelled seeds.
 “At fi rst the plants grew well and looked healthy, but a 
period of dry weather hastened the maturity and accounted 
for the very indifferent yield. This is the fourth consecutive 
trial carried out on this plot. During the year careful search 
was made on the roots of these plants for bacterial nodules, 
but on this occasion none were found.”

316. King, F.H. (Franklin Hiram). 1911. Farmers of forty 
centuries, or permanent agriculture in China, Korea and 
Japan. Madison, Wisconsin: Mrs. F.H. King. ix + 441 p. 
Preface by Dr. L.H. Bailey. Portrait. Illust. Index. 20 cm. 
Reprinted in 1927 by Harcourt & Brace (NY, 379 p.). 
Facsimile reprint by Rodale Press, 1972.
• 

Summary: A superb, classic work which Wendell Berry 
called “one of the richest sources of information about 
peasant agriculture... one of the pioneer books of organic 
farming.” Dr. Franklin Hiram King (lived 1848-1911; his 
portrait photo faces the title page) was former chief of 
USDA’s Division of Soil Management. This is his journal, 
fi lled with many fi ne photos, of a voyage in the early 
1900s through coastal China, Korea, and Japan. King was 
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impressed by the productivity and effi ciency of Chinese 
agriculture, and the strength and hardiness of the people.
 Page 10: “It was not until 1888, and then after a 
prolonged war of more than thirty years, generaled by the 
best scientists of all Europe, that it was fi nally conceded 
as demonstrated that leguminous plants acting as hosts for 
lower organisms living on their roots are largely responsible 
for the maintenance of soil nitrogen, drawing it directly from 
the air to which it is returned through the processes of decay. 
But centuries of practice had taught the Far East farmers that 
the culture and use of these crops are essential to enduring 
fertility, and so in each of the three countries the growing 
of legumes in rotation with other crops very extensively for 
the express purpose of fertilizing the soil is one of their old, 
fi xed practices.”
 In Japan: “How the fi elds are crowded with crops and all 
the land is made to do full duty... even the narrow dividing 
ridges but a foot wide, which retain the water on the rice 
paddies, are bearing a heavy crop of soy beans” (p. 31, photo 
p. 33).
 In China, in printing blue on white cotton calico cloth, 
a thick paste of lime and freshly-ground soy bean fl our was 
used. A stencil was placed on top of the cloth. “The paste 
was then deftly spread with a paddle over the surface and 
thus upon the cloth beneath wherever exposed through the 
openings in the stencil... The paste is permitted to dry upon 
the cloth and then the bolt has been dipped into the blue 
dye the portions protected by the paste remain white. In 
this simple manner the printing of calico has been done for 
centuries” (p. 122-23). A photo (p. 123) shows a stone mill, 
pulled by a blindfolded donkey, “in common use for grinding 
beans and various kinds of grain.”
 “Sprouted beans and peas of many kinds and the sprouts 
of other vegetables, such as onions, are very generally seen 
in the markets of both China and Japan, at least during the 
late winter and early spring,...” (p. 134).
 In a section titled “Economy of Vegetable Diet” (p. 134-
35) the author notes that these people “are vegetarians to a 
far higher degree than are most western nations, and the high 
maintenance effi ciency of the agriculture of China, Korea, 
and Japan is in great measure rendered possible by the 
adoption of a diet so largely vegetarian.” From every 100 lb 
of dry substance (feed) eaten by various kinds of livestock, 
only 4 pounds of fl esh is returned for human food from 
cattle, only 5 lb from sheep and 11 lb from swine. “In view 
of these relations, only recently established as scientifi c facts 
by rigid research, it is remarkable that these very ancient 
people came long ago to discard cattle as milk and meat 
producers; to use sheep more for their pelts and wool than for 
food; while swine are the one kind of the three classes which 
they did retain in the role of middleman as transformers of 
coarse substances into human food.”
 Pages 145-48 describe how cotton seed is crushed and 
pressed to make cotton seed oil and cotton seed cake–one 

of the most common family industries in China. Page 226 
notes that small farmers in Shantung province grow wheat, 
barley, large and small millet, sweet potatoes and soy beans 
or peanuts. Shelled peanuts are sold in gunny sacks. Pages 
256-57 give a similar description for soy beans and peanuts 
used to make oil and cakes in Shantung, China, with a photo 
(p. 256) of the large stone mill. The “bean and peanut cakes,” 
also used for fertilizer in Japan and China, are about 18 
inches in diameter and 3-4 inches thick.
 The section titled “Rotation of Crops” (p. 309) states 
of Nara, Japan: “To secure green manure for fertilizing, soy 
beans are planted each year in the space between the rows 
of barley, the barley being planted in November. One week 
after the barley is harvested the soy beans, which produce a 
yield of 160 kan per tan, or 5,290 pounds per acre, are turned 
under and fi tted for rice.”
 The chapter titled “Manchuria and Korea” notes of 
Lwanchow [Heibei], Manchuria (p. 348-49): “The planting 
here, as elsewhere, is in rows but not of one kind of grain. 
Most frequently two rows of maize, kaoliang or millet 
alternated with the soy beans and usually not more than 28 
inches apart, sharp high ridge cultivation being the general 
practice.” A photo (p. 348) shows carts pulled by donkeys 
or horses piled high with sacks of soy beans at Lwanchow, 
Chihli, China, ready for export.
 Note: As of Jan. 2013, Lwanchow is in Hebei province, 
in northeastern China.
 When King’s train reached Sinminfu [Xinmin in 
Liaoning province on the Mukden-Tientsin railroad] he 
saw “the fi rst extensive massing of the huge bean cakes 
for export, together with enormous quantities of soy beans 
in sacks piled along the railway and in the freight yards or 
loaded on cars made up of trains ready to move.” They soon 
arrived at “another station where the freight yards and all of 
the space along the tracks were piled high with bean cakes 
and yet the fi elds about were refl ecting the impoverished 
condition of the soil through the yellow crops and their 
uneven growth on the fi elds.
 “Since the Japanese-Russian war [1904-05], the 
shipments of soy beans and of bean cake from Manchuria 
have increased enormously. Up to this time there had been 
exports to the southern provinces of China where the bean 
cakes were used as fertilizers for the rice fi elds, but the new 
extensive markets have so raised the price that in several 
instances we were informed they could not then afford to use 
bean cake as fertilizer” (p. 357).
 In Japan (p. 378-79): “Where bean cake is used as a 
fertilizer, the applications may be at the rate of 496 pounds 
per acre, carrying 33.7 pounds of nitrogen, nearly 5 pounds 
of phosphorus and 7.4 pounds of potassium.” A table shows 
that typical fertilization for each crop of paddy rice, in 
pounds per acre, is: Manure compost 5,291. Green manure 
from soy beans 3,306. Soy bean cake 397. Superphosphate 
198. The soy bean cake provides the most nitrogen (27.8 lb/
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acre). A photo (p. 420) shows peanuts being grown in the 
Tokyo plain (Chiba prefecture, July 17). “Peanuts, sweet 
potatoes and millet were the main dry land crops then on 
the ground, with paddy rice in the fl ooded basins” (p. 422). 
Address: Former Prof. of Agricultural Physics, Univ. of 
Wisconsin, and Chief of the Div. of Soil Management, 
USDA, Washington, DC.

317. Mexico. Ministerio de Fomento, Colonización 
e Industria. 1911. La soya: Traduccion de varias 
publicaciones extranjeras sobre la explotación de esta 
planta [Soya: Translations of various foreign publications 
on the development and cultivation of this plant]. Mexico: 
Secretaria de Fomento. 57 p. [3 ref. Spa]
• Summary: The Ministerio de Fomento is the Ministry 
of Public Works. The fi rst three-fourths of this publication 
contains Spanish-language translations of the following 
three articles: (1) “The soybean: A valuable fodder plant” by 
H.J. Choles (p. 3-26). Contents: Introduction. Botany and 
history of the soybean (de la Soya). Varieties. Cultivation: 
Conditions of growth, methods of culture. Harvesting: When 
to harvest, curing, harvesting for seed, yield of forage, yield 
of seed. Chemical composition. Digestibility. Value and uses 
of the crop: For green forage, as a silage crop, as a hay crop, 
as a pasture plant, as manure, value of the soybean as human 
food.
 (2) “Utilization of soybeans” by E.S. Edic [sic, Edie] 
from Estación Agrícola Central–San Jacinto. Jan. 1911 (p. 
26-36). Contents: Introduction. Uses of the soyabean: As 
a forage plant, hay, ensilage, soy oil (El aceite de soya), 
soymilk (leche de soya), a type of cheese (una especie de 
queso) [tofu], soy fl our (harina de soya), use of soybean oil 
for margarine (margarina), for soap, illumination, paints and 
other industrial products, soy bean meal used as a fertilizer 
on Chinese sugar plantations, soybeans as a legume for 
enriching the soil with nitrogen.
 Note 1. This is the earliest Spanish-language document 
seen (Sept. 2016) that uses the term El residuo de la soya to 
refer to soy bean cake or meal.
 The cultivation of soybeans. Varieties of soybeans (6 
varieties based on seed color and shape). A table (p. 33) gives 
a nutritional analysis, conducted by Mr. S.H. Collins, of a 
yellow variety from China. It contains: Moisture 10.23%. 
Oil 13.62%. Proteins (albuminoides) 37.54%. Carbohydrates 
27.27%. Fiber 5.02%. Ash 4.32%.
 Note 2. This is the earliest Spanish-language document 
seen (April 2013) that uses the term una especie de queso to 
refer to tofu.
 Note 3. This is the earliest Spanish-language document 
seen (Nov. 2013) that mentions soy fl our, which it calls 
harina de soya.
 (3) “Importance of the Soybean: Products which can be 
obtained from the soybean. Its marvelous value as food.” 
reprinted from Milling magazine, Aug. 1909 (p. 36-42).

 The last one fourth of this publication (p. 42-57) 
discusses the following: The soybean (possibilities for 
importation to Mexico). The new world trade in soybeans. 
Soybean production in the British empire (Sir Alfred Jones, 
soya in Africa, trials in British Columbia). Consumers of 
soybeans (Countries that import the seeds, especially for 
their oil to make margarine, soap, and paints; Canadian 
research commission). As a food. Dark bread. Wheat 
gluten. The latest news about soya: Products that can be 
obtained (oil and meal), vegetable casein (caseina vegetal), 
experiments making bread with soy fl our, opportunity for the 
manufacture of biscuits or crackers (galletas). Summary.
 Note 4. This is the earliest Spanish-language document 
seen (Sept. 2016) that mentions soy oil, which it calls El 
aceite de soya.
 Note 5. This is the earliest Spanish-language document 
seen (Aug. 2013) that uses the term leche de soya to refer 
to soymilk. As of Oct. 2013 leche de soya is the modern 
Spanish term for soymilk.
 Note 6. This is the earliest Spanish-language document 
seen (Jan. 2016) that uses the word albumiunodes to refer to 
soy protein. Address: Mexico.

318. Sawer, E.R. 1911. Cedara memoirs on South African 
Agriculture. Vol. II. Containing reports on feeding 
crops and livestock experiments in South Africa. Natal/
Pietermartizburg, South Africa. 371 p. See p. 131, 177, 183-
218. Report X. The Legumes as Grain and Oil Crops: Soya 
Beans. [15 ref]
• Summary: A superb, early overview of soybeans and their 
uses in South Africa and England. Contents: An agricultural 
romance. Early experiments with the soya bean [in Europe 
and South Africa]. Export trade from Manchuria. The 
course of prices. Consumption in Great Britain. Botanical 
character. The commercial aspect. History of the oil market 
during 1910. The adaptability of the bean. Germination 
of seed. Climatic requirements. Classifi cation of varieties. 
Variety tests at Cedara: Black seeded (Buckshot and Nuttall 
tested in 1906), brown seeded, green seeded (Samarow and 
Guelph), yellow seeded (Mammoth and Hollybrook, planted 
Nov. 1908). The cultivation of the crop. Times of planting. 
Distances of planting. Manure experiments at Cedara. 
Nodule formation and composition of the plant. Harvesting 
soya beans. Storage of seed. Comparative yields of grain. 
Soya bean oil. Uses of the oil [for cooking, paint, soap, etc.]. 
Soya beans as human food (incl. natto, tofu, miso, yuba, 
shoyu {p. 209-11}). Digestion experiments [on humans in 
Japan]. Milling experiments. Soya beans as stock food and 
fertiliser. Live-stock experiments. Soya cake as fertiliser. 
Soya bean as green forage.
 Concerning industrial utilization: The Vice-Consul-
General at Yokohama writes that “the annual value of 
fertilisers employed in this country (Japan) amounts on an 
average to about £8,000,000 represented in equal proportions 
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by artifi cial fertilisers and soya bean cake.” The year 1908 
was exceptional, however, in that the value of the bean cake 
was 3.5 times that of the artifi cial fertilizers (p. 184).
 During 1910 the linseed oil reached its highest price in 
50 years (p. 190). Soya oil, now produced in large amounts 
in Manchuria after the Russo-Japanese war took its place. It 
was used in making paints, candles, and soaps.
 Concerning germination (p. 191): At Cedara: “The 
fi rst crop was planted in 1903, and a maximum yield of 
920 lb. of grain obtained per acre. In the following season, 
characterized by unfavourable weather conditions, the 
heaviest yield on a new series of plots was 780 lb. per acre. A 
third season’s trial on the same ground, however, witnessed 
a marked increase with local seed, the heaviest crop totalling 
1,252 lb. of grain.”
 Concerning soybean cultivation in British colonies 
in Africa (p. 192): “Early last summer the late Sir Alfred 
Jones shipped to West Africa soya beans for experimental 
purposes, and it was subsequently reported by Mr. A.G. 
Turner, who was entrusted with a special mission to 
encourage this culture on the west coast, that the soya bean 
could be successfully cultivated throughout the Gambia, 
Sierra Leone, Nigeria, and the Gold Coast Colony, but that 
the yield to the fi rst experiment had only been from six to 
eight bushels per acre, there having been a considerable loss 
owing to faulty germination. Later results, however, were 
phenomenally successful.”
 Concerning soybean trials in South Africa (p. 192-93): 
“During the past year favourable results have been received 
from Umzinto [from Messrs. Archibald and Co., 52 miles 
south of Durban; elevation 300 feet], Nel’s Rust Estate [64 
miles north of Durban; elevation 2,710 feet], Nottingham 
Road [elevation 4,807 feet], and Naval Hill [Mr. J.R.T. 
Clouston of Garrow planted a few acres in 1908], Colenso 
[elevation 3,200 feet], and Cedara [82 miles by rail from 
Durban; elevation 3,540 feet; a number of varieties were 
tested in 1906] in Natal; and from Barberton and Pretoria in 
the Transvaal.”
 Concerning comparative yields (p. 203): “As a grain 
producer, the soya bean compares very favourably with other 
leguminous crops, such as fi eld beans, peas, etc. At Cedara 
no other legume has produced, with chemical manures only, 
so heavy a yield of seed; and no other legume, except the 
lupine, has showed itself so much to be depended upon as a 
grain producer.” “Land that will produce 10 muids of maize 
per acre should yield at least six muids of beans after the 
second year’s cultivation,...”
 Concerning uses of the oil (p. 209): “Soya bean oil 
has been found eminently suitable for the soap-makers’ 
purpose on account of its low content of free fatty acids and 
of unsaponifi able matter or impurities. In the latter respect 
it has been shown superior to any of the other oils or fats 
of commerce, whether of vegetable or animal origin. The 
glycerine, which is secured as a by-product of soap and 

candle manufacture, is subsequently distilled for explosives, 
such as dynamite, blasting gelatine, cordite, etc., and for 
various purposes in the arts, for fi lling gas-metres, for the 
manufacture of inks, printers’ rollers, etc. The residue from 
the distillation of glycerine is used in the manufacture of 
boot blacking.”
 Concerning human digestion experiments (p. 212): “The 
general opinion of Japanese investigators, and others familiar 
with Oriental dietetics, is that the protein in articles of food 
prepared from soya beans is in a very available form, and 
that these preparations are most valuable foods.”
 Five photos show various men standing in a crop of soya 
beans and in some of the variety plots at Cedara (1909-11). 
An illustration (line drawing) shows a curing frame for soya 
beans.
 Tables show: (1) Yields in lb. per acre of soya beans 
sown at different times, during 3 years (19-3-04 to 1905-
06). For each year is given: Date of sowing, date of harvest, 
yield of grain and straw, and manures used (superphosphate, 
gypsum, and potash). The variety tested was Henderson’s 
Early Green (Guelph) (p. 198). (2) Results of manure 
experiments with soya bean (Early Green) in lb. per acre. 
Sown 4 Nov. 1904. Harvested 13 March 1905. Increasing 
yields “may be attributed to the association of nitro-bacteria, 
the benefi ts of constant cultivation, and the accumulation of 
humus and residues of fertilizers” (p. 200). (3) Feeding value 
of soya bean cakes for manure, based on experiments by 
Messrs. Lever Bros., Port Sunlight, Liverpool (p. 215).
 Note 1. This is the earliest document seen (Oct. 2017) 
that mentions the use of a soy oil or a soy oil derivative 
(glycerine) in making printing inks.
 Note 2. This is the earliest document seen (May 2004) 
that mentions the use of soy oil to make candles (one of two 
documents).
 Note 3. This is the earliest document seen (Oct. 2017) 
concerning the use of soy oil (or the glycerine derived from 
it) to make explosives.
 Note 4. The next section of this report (p. 218+) is about 
ground nuts (Arachis hypogoea). Address: Director, Div. of 
Agriculture and Forestry, Natal; Principal, Cedara School 
of Agriculture; Formerly Asst. Secretary of Agriculture, 
Southern Rhodesia.

319. Wicherley, William. 1911. The whole art of rubber-
growing. Philadelphia, Pennsylvania: J.B. Lippincott Co.; or 
London: The West Strand Publishing Co., Ltd. 154 p. See p. 
146-51.
• Summary: In Chapter 16, titled “The soya bean” (p. 146-
51), the author is encouraging the cultivation of soya beans 
in Ceylon. “Early last year the authorities in the Malay States 
embarked upon a scheme of raising soya on a large scale, but 
the latest reports point to an all-round failure, fi rst as to yield, 
and again as to the possible profi table exploitation of the 
plant. The same thing happened two years ago in Java, and 
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also in the Philippines, where great things were prophesied 
for the soya by the already optimistic and enthusiastic 
American colonists. In each case–and generally the same 
may be said in every instance where, given the proper soil 
and climate, the soya bean fails to yield profi tably–the fault 
was wholly due to a want of practical knowledge of its 
cultivation.”
 “Now, it is extremely doubtful whether there are 
more than half-a-dozen Europeans who have a practical 
acquaintance with the successful growing of the soya bean, 
since the Chinese, always jealous of the secrets of a craft 
in which they have no rivals throughout the universe, have 
carefully avoided every attempt by outsiders to become 
acquainted with the system under which they produce 
the bean in such enormous quantities, and in so perfect a 
condition for export to Europe and elsewhere.”
 “I present the secret, therefore, to the reader of these 
pages with the greatest confi dence and pleasure.” He then 
explains that the key is proper inoculation of the soil. To 
accomplish this, soybeans are planted in any light, sandy 
friable soil without inoculation, broadcasting 4-5 bu/acre of 
seed. Six weeks after the plants have emerged and begun 
to branch, the crop is plowed under. The ground is again 
leveled, and the crop proper at once drilled in, the rows being 
6 inches apart with 4 inches between plants in each row. 
“Under this system the soil is thoroughly and effectively 
inoculated, and the crop, other things being equal, will 
mature in 8 or 9 weeks from the time of sowing.”
 “During the past year eminent millers both in England 
and on the Continent turned their attention to this residue 
material [defatted soy fl our, produced at Hull {England} and 
Antwerp {Belgium}], and have discovered in it properties, 
hitherto unsuspected, of immense value to the milling 
industry. In short, they fi nd that soya fl our ranks nearly 
highest in the scale of high-class products of this nature, and 
Messrs. Ranks, Ltd., among others, are now putting on the 
market a soya fl our of great nutritious value as human food. 
A most delicious biscuit is also being manufactured from the 
fl our by Messrs. Carr, of Carlisle. There seems, in fact, no 
end to the commercial possibilities of this truly wonderful 
legume.”
 Note: The Malay States were the native states of the 
Malay Peninsula, especially those formerly under British 
protection, located in the central and north part of the 
peninsula. These semi-independent states were inhabited by 
Malays and governed by Malay rulers. Address: F.R.H.S.

320. Wing, Joseph E. 1911. Meadows and pastures. Chicago, 
Illinois: The Breeder’s Gazette. 418 p. See p. 140-41, 200, 
202, 204-12, 355.
• Summary: This book includes a section on farm uses of 
soybeans and quotes from Farmers’ Bulletin No. 372 (p. 
210-12) on soybeans. Soybeans need inoculation almost 
anywhere they are planted. They give better results than 

cowpeas in silage. “Comparing cowpeas with soybeans–I 
have tested these plants side by side in Louisiana, and 
concluded that in nearly all ways soybeans were superior. 
The soys made more forage and more seed and were more 
easily harvested. Cowpeas, however, are better adapted to 
rude methods of cultivation, and may do more to smother 
out weeds.” Note: This is the second earliest document seen 
(May 1996) that uses the word “soys.” It is the earliest book 
seen that contains the word “soys.”
 “Soybean (Glycine hispida)–This plant gives promise 
of becoming a great factor in American farming, especially 
in regions parallel in location to Kentucky and Tennessee... 
It is a comparatively recent comer to America, but already 
promises to displace the cowpea in many situations and to 
supplement corn in rations for farm animals in such states 
as Tennessee, Oklahoma and Kansas. At present, its most 
enthusiastic advocates are properly to be found in Tennessee, 
where soil and climate and habits of men seem congenial to 
it.” Illustrations (all non-original) show: A soy bean plant, 
with pods (p. 205). A typical soy bean plant with pods, and 
roots with nodules (p. 207). Photos show: (1) The house in 
which the author lived while writing this book (frontispiece, 
facing the title page). (2) A man standing in a fi eld of soy 
beans in Tennessee (p. 209).
 Note: This is the earliest document seen (Nov. 1998) 
by any member of the Wing family (Joseph, Charles, or 
David) related to soybeans. Joseph E. Wing lived 1861-1915. 
Address: Staff Correspondent of The Breeder’s Gazette.

321. Wing Seed Co. 1911. Alfalfa: And how to grow it (Mail 
order catalog). Mechanicsburg, Ohio: Wing Seed Co. 48 p. 
Illust. Index. 23 cm.
• Summary: This is the company’s mail order catalog. 
The back cover is fi lled with a black-and-white photo of 
a man, dressed in a white shirt and black hat, standing in 
a huge, well manicured fi eld of “Wing’s Mikado Soys” 
growing in rows. The long section titled “Soy beans” (p. 
15-21) begins: “Two years ago we ventured the assertion 
that Soy Beans were one of the coming crops. Today we are 
much more certain of it than we were then. Out of twelve 
hundred bushels of seed which we sold last year, only half a 
dozen partial failures were reported to us; all the rest of our 
customers being very enthusiastic over the crop.”
 “We believe that we are the largest retailers of soy 
beans in the United States. Possibly we retail as many as 
all the rest of the dealers put together. We believe, also, 
that we are spending more money to test varieties of these 
beans to ascertain which are the good ones, and to perfect 
them, by plant row breeding and selection, than any other 
fi rm in the United States. We think that we can see decided 
improvement in our varieties from the breeding work which 
we have done with them. Wing’s Mikado, Mongol and Sable 
varieties are our own, obtainable only directly from us. We 
have no agent, and no other seedsmen have them.”
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 The following varieties are offered: Wing’s Mikado 
(“A splendid variety, a little better adapted to grain than to 
hay,...”), Wing’s Mongol (Secured in 1908; very similar 
to Wing’s Mikado), Wing’s Sable (“A remarkable variety 
secured by us in 1908 and considerably improved by us 
since that time.”), Wing’s Extra Select Sable, Jet, Kingston, 
Peking (“A variety so much like Wing’s Sable as to be 
indistinguishable from it, except that it does not stand 
poor quality soil quite so well as the latter. Under ordinary 
conditions this is one of the fi nest beans that we have, and 
on moderately fertile soil it will make as heavy a yield 
of grain as any variety, and is also splendid for forage if 
desired.” Matures in about 115 days), Wilson (Excellent 
for forage), Ito San, Mixed Soy Beans, a Stray Soy Bean 
(“This plant volunteered in our trial grounds; we do not 
know the variety. We consider it the fi nest plant we have ever 
seen. It contained 533 pods. Its seed will be sown on our 
trial grounds next year.”). Photos show (p. 15-28): (1) Two 
children “Inspecting the soy bean test plots.” According to 
William Wing of Pella, Iowa (Dec. 1998), these are the sons 
of Charles B. Wing. The elder is Gardner Bullard Wing, and 
the younger is Winston Wing. (2) Two children in fi eld of 
shoulder-high “Peking soys just ripening. This looks like 30 
bushels per acre.” (3) Two soy bean plants with many leaves 
and some pods–Wing’s Mikado. (4) Three soy bean plants 
with many pods and no leaves–Wing’s Mikado. (5) Two soy 
bean plants with many pods and no leaves–Wing’s Sable. 
(6) Two soy bean plants with many leaves and some pods–
Wing’s Mongol. (7) One soy bean plant with many leaves 
and some pods–Wing’s Sable. (8) One soy bean plant with 
many pods and no leaves–a stray soy bean. (9) Two soy bean 
plants with many leaves and some pods–Kingston. (10) One 
soy bean plant with many leaves and some pods–Peking. 
(11) A young boy standing in a plot of shoulder-tall “extra 
heavy yielding Sables.” (12) Two soy bean plants with many 
leaves and some pods–Wilson. (13) One soy bean plant with 
many pods and no leaves–Ito San. (14) One soy bean plant 
with many leaves and some pods–Jet–”Note nodules on the 
roots.” (15) Two children seated (one in a big straw hat) in 
front of a fi eld of soybeans (inside back cover).
 Location: Bailey Hortorium, Mann Library, Cornell 
University, Ithaca, New York.
 Note: This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety Wing’s Extra Select Sable, 
or the term “Select Sable.” Address: Mechanicsburg, Ohio.

322. Henderson (Peter) & Co. 1912. Wholesale catalogue. 
Seeds, implements, fertilizers, insecticides, &c. for market 
gardeners and fl orists. Spring edition (Mail-order catalog). 
New York, NY: Press of McIlroy & Emmet. 80 p. 27 cm.
• Summary: In the full-page section titled “Farm seeds” is 
the same illustration of the Soja Bean near the top center 
of the page. In the left column we read, under “Beans for 
soiling, fodder, etc.:

 “Early Green Soja. This produces enormous crops as far 
north as Canada. It grows about 4 ft. high and yields ten to 
twenty tons of green fodder per acre, or 20 to 40 bushels of 
Beans.
 “It is a valuable leguminous plant for the farmer and 
dairyman for either green or cured fodder or grain. It is 
especially valuable for ensilage in combination with fodder 
Corn or Japanese Millet (two parts of Millet to one part of 
Soja Beans), thus furnishing a complete balanced ration.
 “Soja beans are great soil enrichers, adding humus and 
extracting nitrogen from the air. Sow 3 pecks per acre. (See 
cut).
 “Price, peck, $1.75; bushel (60 lbs.), $5.00; 10 bush., @ 
$4.80.
 On the cover is a man holding a map of the United 
States, upon which is written in bold letters: “Farmers in 
every clime use and praise Henderson’s seeds.” Above it: 
“1847-1912.”
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
35 & 37 Cortlandt St., New York, New York.

323. Miller, M.F. 1912. Growing cowpeas in Missouri 
(Reprinted and enlarged from edition issued in Sept. 1909). 
Missouri State Board of Agriculture, Monthly Bulletin 
10(1):1-35. Jan. See p. 33-34.
• Summary: The Introduction begins: “In 1909, Prof. M. F. 
Miller of the College of Agriculture, and at the request of the 
Board of Agriculture, prepared a plain and popular bulletin 
on the cowpea.” This is a reprint with updates.
 The section on “Soy beans,” by George W. Williams 
(p. 33-34) states: “Soy beans are not so much talked of 
or written about as are cowpeas, because they are not so 
universally grown. Farmers are just beginning to realize 
their feeding value as well as their value as a soil builder. As 
a fertilizer alone they are superior to the cowpea; in fact, I 
think superior to anything that we have discovered in the line 
of a forage plant.
 “They are a stronger nitrogen gatherer and a much 
deeper rooter than cowpeas, as they have a long tap root 
that penetrates the soil to a depth of from twelve to eighteen 
inches and honeycombs the hard plow bed and loosens 
it, making it pervious to air and water alike. This forms 
an underdrain for the surplus water in a wet time, and a 
reservoir to hold the moisture in a dry time. This honey- 
combing of the hard strata or plow bed starts nature to 
breaking the undercrust, which in a short time, say one or 
two years, will be all broken into small particles that will 
act as water carriers through the capillary action, bringing 
the water from the reservoir below up to near the surface, 
where the plants can get a ‘drink’ in a dry time. The soy 
bean is the plant so ‘loudly’ advertised by the seed men in 
their annual catalogs as the ‘Wonderful Coffee Berry,’ and it 
does answer as a pretty good substitute for the genuine Java. 
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The beans, lightly browned, as we once did all our coffee, 
ground and mixed with the store product, half and half, make 
a mild-fl avored drink resembling somewhat pure coffee, but 
probably more wholesome.
 “There are quite a number of varieties of the soy bean 
as well as the cowpea. I am growing the Medium Yellow, as 
they do best for me. I drill them with a checkrower, leaving 
the rows corn-row width, and cultivate them two or three 
times with the same plows that I use in the cultivation of 
cowpeas. Soy beans may be planted as early as corn, and if 
up when a light frost strikes them it will have no bad effect, 
as they seem to be perfectly hardy. They do best planted after 
cowpeas, as the cowpeas inoculate the soil with a certain 
kind of bacteria that is an aid in the successful growth of the 
soy bean.
 For forage, they should be cut just as they begin to show 
yellow on the leaves. Let them lay in the swath about two 
days, shock and let cure in the shock. This makes a ‘number 
one’ grade of feed and is greedily eaten by all farm stock. 
When cut at this stage there are but few beans that have 
matured, and the yield will be very light. If grown for beans, 
they should get ripe, by which time most of the leaves have 
fallen off, and they can be cut and shocked without much 
curing, allowing time for them to cure in the shock. They are 
not as tender to thresh as the cowpeas and do not break so 
easily. They should be sown, or planted, on the thinnest soil 
on the farm, especially if desired for beans, as on thin soil 
they do not make such large stalks and more pods. On very 
rich soil they grow very rank–from four to six feet high–with 
few pods.
 “The threshed beans are very rich feed, especially for 
hogs. The analysis shows that pound for pound they are 
equal to oil meal and should be fed in connection with a 
‘fi ller’ such as clover, alfalfa, etc. I would advise that every 
farmer try a little plot of soy beans.”
 A large photo shows a man standing in a fi eld of “Soy 
beans fi ve feet high and just beginning to bloom. Mr. 
Williams fi gured on a crop of not less than 25 bushels per 
acre.” Address: Prof., College of Agriculture, Columbia, 
Missouri.

324. German-American “Nitragin” Co. 1912. Letterhead. 
Milwaukee, Wisconsin. 1 p. Feb. 20. 28 cm.
• Summary: On this letterhead, below the name of the 
company, appear the words “Manufacturers of ‘Nitragin.’” 
Trade Mark Reg. No. 322131. “The Nobbe-Hiltner Improved 
Soil Inoculator.”
 Behind the company name is a gold can of Nitragin. 
Above and to the left of the company name is a list of the 
company’s foreign addresses in: Wesseling, Germany; 
London, England; Rio de Janeiro, Brazil; Valparaiso, Chile; 
Mexico City, Mexico; Melbourne, Australia, and Calcutta, 
India. Above and to the right of the company name we read: 
“Gold Medal, St. Louis [Missouri], 1904. Cable Address 
Nitragin. A.B.C. Code.”
 At the left of the letterhead is a small color illustration 
“cow peas not inoculated” and a large “cow peas inoculated 
with ‘Nitragin.’” At the right of the letterhead is the same 
concept but with alfalfa. Address: Milwaukee, Wisconsin.

325. Minns, Edward R. 1912. Soy beans as a supplementary 
silage crop. New York (Cornell) Agricultural Experiment 
Station, Bulletin No. 310. p. 257-74. Feb. [5 ref]
• Summary: Contents: Introduction. Feeding value of soy 
beans. Soy beans as nitrogen gatherers. Varieties. Soils 
and climate for soy beans. Cultural methods. Harvesting 
soy beans. Experiments on the Cornell University farm. 
Desirability of further experiments.
 “Soy beans have never been grown on many farms in 
New York.” There are few localities in New York where soy 
beans will grow well enough to compete with commercial 
crops of these beans grown in the warmer latitudes. “There 
is little opportunity to cure the plants for hay in September, 
the season when they are most valuable for feed. The most 
profi table use that can be made of the soy bean in this state is 
to ensile it with corn fodder before frost kills the foliage. For 
this purpose the culture of soy beans should be encouraged 
wherever the tendency is toward intensive dairy farming and 
the soil and climate are favorable for corn growing.”
 Varieties: In New York state, Medium Green is best 
adapted for green forage, followed by Medium Green (also 
known as Medium Early Green, Early Green, or Guelph), 
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Auburn, Medium Yellow, or Mammoth Yellow. Ito San is 
best for seed, followed by Elton.
 “For silage or soiling purposes, the crop may be 
harvested with a side-delivery reaper or with a twine binder. 
The fodder is at its best for feed when the pods are mostly 
fi lled and the foliage has not yet begun to fall off. If ripe 
seed is desired, the plants should stand until the leaves have 
dropped. When the pods are tough with dampness, a reaper 
or a mower may be used to cut the ripe stalks. Curing in 
stacks so made as to shed water will be found best. Varieties 
that shatter badly when dry should be handled in the fi eld 
only when damp enough to be tough.”
 A map (p. 267) shows some of the localities in New 
York state where soy beans have been grown successfully 
(about 30), and where they have failed (about 6).
 Photos show: (1) A fi eld of soy bean plants (front 
cover). (2) Soy bean plants with partially fi lled seed pods, 
shown against a ruler. Clusters of tubercles on the roots were 
produced by soil inoculation (p. 260). (3) Close-up of soy 
bean stems and roots showing the characteristic formation of 
tubercles due to seed inoculation (p. 261). (4) Medium Green 
soy beans growing with corn (p. 264). (5) Near view in a 
fi eld of soy beans and corn (p. 266).
 Note: This is the earliest document seen (Jan. 1998) 
that use the term “twine binder” or “reaper” (“side-delivery 
reaper”) in connection with soybean production.

326. Roberts, George; Kinney, E.J. 1912. Soy beans. 
Kentucky Agricultural Experiment Station, Bulletin No. 161. 
p. 105-31. Feb.
• Summary: Contents: Introduction. Description of the soy 
bean. Uses of the soy bean: The seed, hay and forage, silage. 
The soy bean in relation to soil fertility: Place in the rotation, 
as a nitrogen-gathering crop, as a green manure crop. 
Varieties of soy beans: Variety tests of soybeans planted 
on 20 May 1911 (Ito San, Haberlandt, Ebony, Hollybrook, 
Brooks, Meyer, Austin, Wilson, Sooty, Mammoth Yellow, 
Medium Yellow {identical with Ito San}), varieties for 
grain production (Haberlandt, Austin, Hollybrook, Meyer), 
varieties for forage (For hay: Meyer, Wilson, and Sooty; For 
late green forage and silage: Mammoth Yellow; For catch 
crops: Ito San or Medium Yellow). Cultural directions: Soil 
requirements, inoculation, preparing the seed bed, planting, 
distance between rows, rate of seeding, time of seeding, 
cultivation. Harvesting: Stages for cutting, cutting for seed, 
cutting and curing for hay. Threshing. Care of the seed 
(storage). Discussion of yields.
 “Silage: Soy beans for a valuable addition to corn for 
silage purposes, tending to make such silage a more nearly 
balanced ration. They can well be used for this purpose in the 
proportion of one part of soy beans to four or fi ve of corn” 
(p. 112). “For hay the beans are cut with a mower and as 
soon as wilted raked into small windrows. They are allowed 
to dry here for a short time, and should then be put into small 

shocks and allowed to stand until well cured” (p. 126). An 
illustration (p. 126) shows a device (a pole frame shaped like 
a 3-sided pyramid) “for curing soy bean hay in shock.”
 “Threshing: The ordinary grain separator can be adjusted 
to successfully thresh soy beans, but as equipped for small-
grain threshing, a large per cent of the beans will be cracked 
or split. This does not injure them for feeding purposes, but 
ruins them for seed or for sale.
 “The Experiment Station owns a small separator, which 
is used to thresh the grain crops grown on the farm, and 
considerable time has been spent in studying the necessary 
adjustments for threshing soy beans. In general, the machine 
is like all separators, and the same adjustments will apply to 
all machines.
 “The chief cause of split beans is the high speed of the 
cylinder. The speed is reduced one-half and the speed of the 
fans and other parts is maintained by doubling the size of 
both cylinder pulleys. A special set of thin concaves is used” 
(p. 127).
 Note: This is the earliest document seen (Oct. 2013) that 
mentions the soybean variety Sooty. Address: 1. Agronomist, 
Head of Div. of Agronomy; 2. Asst. Agronomist. Both: Univ. 
of Kentucky, Lexington.

327. Williams, C.G.; Welton, F.A. 1912. The soybean and 
cowpea. Ohio Agricultural Experiment Station, Bulletin No. 
237. p. 239-61. Feb.
• Summary: Contents: Uses: As grain, hay, silage, a soiling 
crop, pasture, and for soil renovation. Culture: Soils, 
fertilizers and inoculation, seedbed, cultivation, time of 
seeding, rate of seeding, manner of seeding. Harvesting: 
Hay, silage, seed, threshing. Varieties: Table III (p. 252) 
describes 32 varieties of soybeans including their weight, 
color, manner of growth, date of bloom, color of bloom, and 
average height of plants. Table IV (p. 253) gives the yield of 
grain and straw for 32 varieties and includes the average date 
of maturity, average number of days to maturity (112-135), 
average yield per acre of beans (1908-11, plus 2 year and 4 
year averages; highest 2 year average was 25.5 bu/acre) and 
of straw (highest 2 year average was 2,275 lb/acre), pounds 
of straw per bushel of grain (63-116), and retention of beans 
(Good, fair, or excellent), and enemies of soybeans (“So far 
as this Station is aware, there are no enemies of economic 
importance to the soybean in the state.”). Table V (p. 255) 
shows many varieties of soybeans grouped into early (116 
days or less), medium (117-126 days), and late (127-132 
days). For each variety is given: Average date of maturity in 
Ohio, average number of days to maturity, two-year average 
yield per acre of beans and straw, and weight per bushel of 
seed.
 “Within the last twenty or twenty-fi ve years it [the 
soybean] has gained considerable prominence in the 
agriculture of several states, notably Massachusetts and 
Kansas, into both of which states the seed was imported 
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direct from Japan. The wide variations in different varieties 
as regards time of maturity, permit it to be grown pretty 
generally throughout the United States. Roughly speaking, 
the earliest varieties can be grown successfully as far north 
as corn. In Ohio the acreage at present is not large, but is 
rapidly increasing. The Ohio Experiment Station has been 
growing soybeans continuously in a small way since 1894. 
From year to year the acreage has been gradually increased, 
until now about fi fteen acres are grown annually.”
 Harvesting: The harvesting of soybeans for hay is 
“the most diffi cult work connected with the growing of 
the crop. No satisfactory machinery especially adapted to 
handling them has as yet been placed on the market... For the 
harvesting of soybeans for seed, probably the best machinery 
available is either the ordinary mower with side delivery 
attachment, or the old-time self-raking reaper.
 “Threshing: While it is essential to have soybeans well 
cured before threshing, yet at the time of threshing it is 
desirable that they be damp or ‘tough.’ In this condition they 
can be threshed in an ordinary threshing machine with very 
little cracking of beans, providing the machine be run slowly 
and with blank concaves.”
 Photos show: A fi eld of soybeans, July 27, 47 days after 
planting (oval photo on cover). A soybean plant with leaves 
removed and many pods visible (p. 242). Soybean roots with 
and without nodules (p. 246, from First Principles of Soil 
Fertility, by Vivian).
 Note 1. This is the 2nd earliest English-language 
document seen (Oct. 2016) with the word “soybean” or 
“soybeans” in the title.
 Note 2. This is the 2nd earliest experiment station 
publication seen (Oct. 2016) with the word “soybean” or 
“soybeans” in the title. The last such publication was also 
from Ohio.
 Note 3. This is the earliest English-language document 
seen (Aug. 2001) that uses the term “enemies” (or “enemy”) 
in connection with soybean pests.
 Note 4. This is the earliest document seen (Jan. 1998) 
that mentions the use of a reaper (self-raking reaper) for 
soybean production. Address: 1. Chief, Agronomy; 2. B.S., 
Asst., Agronomy. Both: Wooster, Ohio.

328. Wing, Joseph E. 1912. Growing a substitute for tankage 
(Letter to the editor). Breeder’s Gazette 61(11):649-50. 
March 13.
• Summary: “The appended letter comes from S.T.K., 
Williamsport, Ohio:
 “’What home-grown crop can you suggest to take the 
place of tankage in swine feeding, to use with corn? How 
many acres will it take to produce the equivalent of a ton 
of tankage, and will it be more economical to raise this, 
everything considered. than to raise corn and buy tankage? 
I would appreciate full particulars also as to cultivation. 
feeding and also the kind of soil required. I have ten acres 

of black bottom soil that has some slope. It will go into corn 
this year unless you think I could start alfalfa. I have some 
clay land adjacent that I would like to get into something 
besides corn this year. It has been corned to death. I want 
to work into hog-raising. and want to get the farm into 
corn, clover. alfalfa, some substitute for tankage, and just 
enough wheat for bedding. Has Joseph E. Wing ever had any 
experience with a small cold-storage plant, to use natural ice, 
as far as possible, and to fi ll in by gasoline power? Would 
it pay to put in a small plant to store eggs to hold for top 
prices?’
 [Answer:] “The soybean has much less digestible 
protein than the best tankage–29.1 and 50.1 per cent 
respectively. In fat the soybean slightly excels, having 14.6 
per cent, while tankage has 11.6 per cent. Either will be a 
fi rst rate thing with which to balance corn. The soybeans can 
be grown easily, with culture somewhat like corn only the 
rows need to be no wider apart than 30 inches, or less if the 
horse can get through between them. Varieties vary much 
in productivity. S.T.K. can grow the large varieties but not 
the latest ripening varieties. One can easily grow about 600 
pounds of soybeans per acre.
 “For the land that needs renewing, one could grow either 
soybeans or cowpeas. Soybeans if cut off and taken away do 
not much enrich the soil, if at all, nor do cowpeas, but they 
can be hogged off and then they do enrich the soil. Soybeans 
ought to have soil inoculation to do their best.
 “That land could also be sown to mammoth clover 
alone, or common red clover, giving a liberal fertilization 
with acid phosphate and if possible a sprinkling of manure. 
Sown alone, this will make strong growth and can be hogged 
in the late summer and will last two years, when it can 
be put back to corn for a year, manured and fertilized and 
sown to alfalfa. In sowing the clover next spring add about 
10 per cent of alfalfa seed to the clover for the purpose of 
inoculation.
 “In this home-growing scheme the thing to do is to get 
right down to corn and alfalfa growing as rapidly as possible. 
If the land needs it, he should lime it well since he is so near 
the quarries where ground limestone is sold cheaply. Let him 
grow the pigs on alfalfa and he will not need tankage. He can 
fi nish them on corn alone and all will be well; just pasture on 
alfalfa and feed lightly on corn during the summer.
 “I hardly think there has yet been made a cold storage 
plant at low enough cost to be serviceable on the farm. If 
there has I do not know about it. An icehouse with a cold 
room (of small size) in it, surrounded by sawdust and with 
a compartment over it where cakes of ice can be laid and 
buried in sawdust will make it cold enough to keep eggs, I 
think, and that might work all right.
 “Joseph E. Wing.” Address: Cayuga, Indiana.

329. Wing, Chas. B. 1912. Soybeans and cowpea yields 
(Letter to the editor). Breeder’s Gazette 61(17):993. April 24.
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• Summary: “To The Gazette–I note on page 650 of your 
issue of March 13 my brother’s comments on the soybean, 
and especially his statement that one can easily grow about 
600 pounds of soybeans per acre. C.G. Williams of the Ohio 
Experiment Station says that the average yield of soybeans is 
probably 18 or 20 bushels, and this more nearly corresponds 
with the ideas of everyone who has had much experience 
with the plant. A.A. Parsons of Indiana, one of the oldest and 
largest growers in the country, gets about 30 bushels to the 
acre each year. I have grown them myself for over ten years, 
and do not recall a yield of less than 15 bushels, even with 
the old varieties. I have repeatedly grown 30 to 38 bushels 
in a test plot, while Prof. C.G. Williams, I believe, reports 
nearly 50 bushels in a test plot. A.A. Parsons has grown 50 
bushels in a test plot, and John M. Perley of Missouri, who is 
on one of the Government administration farms, grew over 
50 bushels in a test plot. We have many letters from farmers 
in every part of the country who are growing 25 to 35 under 
fi eld conditions, so that a yield of 600 pounds, or ten bushels, 
as mentioned by my brother, seems like an injustice to this 
plant. He also states that the soybean if cut off and taken 
away does not enrich the soil much if at all, nor does the 
cowpea. I have had very little experience with cowpeas, but 
the fi gures which I have from experiment stations as well 
as from private growers indicate that there is a moderate 
benefi t derived from the cowpeas even when cut off for hay. 
The same would apply to soybeans, if they were inoculated. 
Unfortunately many growers have grown soybeans without 
inoculation. The plant does fairly well without inoculation, 
but of course impoverishes the soil when it has no nodules. 
When it is inoculated its roots carry as many nodules as any 
plant we have ever seen, and there is no good reason why it 
should not restore some fertility to the soil in the shape of 
nitrogen when it has these nodules.
 “I have been unable to fi nd accurate fi gures showing the 
amount of nitrogen which the soybean does add to the soil, 
this being probably because the plant is somewhat new; but 
if appearances, judged from its nodules, count for anything, 
as they are usually supposed to do, the amount added would 
by no means be negligible. As a matter of fact, everybody 
knows that any legume which is made into hay or fodder 
adds much less nitrogen to the soil than one plowed under. 
The statistics on this point usually show that when the hay 
is removed only one-half as much nitrogen is added to the 
soil as when the hay crop is turned under. I believe this to be 
well-established scientifi c principle that has been repeatedly 
demonstrated, and I do not believe that it can be shown by 
scientifi c demonstration that either the soybean or cowpea 
should be put in a class by itself as a plant which adds no 
fertility to the soil when the tops are removed.
 “Champaign Co., Ohio. Chas. B. Wing.” Address: 
Cayuga, Indiana.

330. Eichenger, A. 1912. Ueber Leguminosenanbau und 

Impfversuche [Regarding legume cultivation and inoculation 
experiments]. Pfl anzer 8(4):190-219. April. English-language 
summary in USDA Experiment Station Record 27:419. [8 
ref. Ger]
• Summary: Soy beans are discussed extensively on p. 210-
15. Experiments were made to determine the value at Amani, 
German East Africa, of inoculating soils with nitrogen-
fi xing bacteria, with and without fertilizers, for the growth 
of various crops including soy beans, cowpeas, Desmodium 
tortuosum, and Canavalia ensiformis [jack bean], and the 
value of these crops for green manuring purposes. Eichinger 
observed that superphosphate increased the production of 
nodules, whereas sodium nitrate inhibited nodule formation.
 Eight soybean varieties were tested–with all but the fi rst 
obtained from Yokohama. Chinese white type (2). Natsu-
Mame (white). Shiro Daizu (white). Kuro Teppo (black). 
Kuro Mame (black). Ao Mame (white). Gogatsumame 
(white). Daizu (white). Soy beans require a special type of 
bacterium for inoculation. However these studies seemed to 
indicate that the production of soy beans is not profi table in 
this area.
 Note 1. As of April. 2015, Amani is in Tanzania.
 Note 2. This is the earliest document seen (April 2015) 
concerning soybeans in Tanzania, or the cultivation of 
soybeans in Tanzania.
 Note 3. This is the earliest English-language document 
seen (Oct. 1999) that uses the term “sodium nitrate” (as 
a fertilizer) in connection with soybeans. It was often 
previously named “nitrate of soda.” Address: Dr., Amani 
[German East Africa].

331. J. of the Board of Agriculture (London). 1912. 
Cultivation of soy beans in Britain. 19(1):33-35. April.
• Summary: “Previous to 1909 a few attempts to grow the 
crop [soy bean in England] had been made, but without 
any great success; at best, the plants obtained grew up to 
the fl owering stage, but no seed was formed. The Board, 
thinking it possible that the seeds previously tried might 
have come from hotter climates and have been of varieties 
quite unsuited to this country, obtained from an Experiment 
Station in North Japan, seed of sixteen varieties of soy bean, 
along with a small quantity of soil in which the crop had 
been grown. These were grown in 1909 by Mr. Jay Golding 
at the Midland Agricultural College, and Professor [Roland] 
Biffen at Cambridge.
 “In the autumn of 1909 Mr. Golding reported that the 
seeds were sown on May 6th, and many of them grew well 
and vigorously, but none fl owered. Even some lifted and 
placed in a greenhouse refused to do so. The plants were, 
however, strong and healthy, and the roots were covered with 
an abundance of large nodules. At Cambridge the results 
were similar...”
 “These experiments appeared to suggest that Japanese 
varieties were not suited for conditions here, so in the 
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following year the Board obtained, through the Seed 
Crushers’ Association, some Manchurian soy beans. One 
sample had been grown in North Manchuria, the other in the 
South, and each clearly contained several distinct varieties. 
These were grown as before by Mr. Golding and Professor 
Biffen. The former reported that again, though the crop had 
grown vigorously with abundant formation of root nodules, 
no seed matured. At Cambridge the test was more successful, 
the plants, though not growing very vigorously, fl owered 
about mid-August and ripened a small quantity of seed about 
the end of September. This seed was sown in April, 1911, 
but the crop made very little growth, and in spite of the hot 
season no seed was produced.
 “These results soon to prove fairly conclusively that 
none of the varieties of soy bean yet tried can be relied on 
to produce seed... Apart from seed-production, the plant 
has, however, a considerable value as a forage crop, and it is 
quite possible that in some cases it may be found useful for 
that purpose in this country... Mr. Golding has supplied the 
following analyses of the green forage produced by the two 
varieties of Manchurian bean in 1910.”

332. Grantham, Arthur E. 1912. Soy beans. Delaware 
College Agricultural Experiment Station, Bulletin No. 96. 39 
p. May 1. [13 ref]
• Summary: Contents: Introduction. The soy bean plant. The 
adaptability of soy beans to Delaware conditions: Soil and 
climate, farm practice. Methods for utilizing soy beans: Soy 
beans for hay, soy beans for pasture, soy beans for soiling 
and ensilage, soy beans as a concentrated feed, soy beans 
for seed production, soy beans for soil improvement, green 
manure, soy beans in crop rotation (a fi ve-year rotation, a 
four-year rotation, a three-year rotation, a two-year rotation). 
Varieties of soy beans. Varieties especially mentioned for 
Delaware. Cultural methods for soy beans: Preparation 
of soil, time of planting, seeding and cultivation, rate of 
seeding, fertilizers for soy beans, inoculation for soy beans. 
Harvesting and curing soy bean hay: Stage of maturity for 
cutting, curing. Harvesting and threshing soy beans for seed: 
Maturity of the plants, machinery for harvesting (mower, 
hay-rake, mower with a bunching attachment, self-rake 
reaper, side-delivery rake, self-binder), threshing (with 
an ordinary grain separator if some of the concaves are 
removed; it is best to run the cylinder at about half the speed 
used in threshing grain), storing soy bean seed, soy beans 
as a source of oil and protein, cooperative work with soy 
beans, soy beans in mixtures (with cowpeas, corn, millet, or 
sorghum), soy beans compared with cowpeas.
 An excellent review. In a 5-year test at the Delaware 
Station comparing methods of sowing and spacing, 5.9 bu/
acre higher yield was obtained when the soybeans were 
drilled solid. When the soybeans were cultivated (drilled in 
rows 32 inches apart and cultivated 3 times), only about 22% 
as much seed was used as when they were drilled solid.

 The soybean varieties fi rst grown extensively in the 
USA and “now the principle sorts offered by seedsmen” 
are (details are given on each, p. 20-25): Ito San (17,268 
yellow; also called Medium Yellow and Early Yellow), 
Guelph (17,261, green; also called Medium Green, Medium 
Early Green, and Early Green), Mammoth (17,280, yellow; 
frequently called Mammoth Yellow), Hollybrook (17,278, 
yellow), Medium Yellow (17,269, yellow; undoubtedly 
confused with Ito San and Hollybrook, but different from 
them). “Varieties especially recommended for Delaware:... of 
the varieties which have been tested for three years or more, 
the Wilson, Peking, Morse and Arlington are promising 
for high seed yields. These are closely followed by Nemo, 
Hollybrook, Amherst, Austin, and Meyer” (p. 22-25).
 Concerning protein and oil content (p. 35). “It will be 
seen that 17 varieties of the 51 analyzed contained 40 per 
cent. protein. The difference in protein content ranged from 
35 per cent. to 44.8 per cent., while the average for the whole 
number was 39.2 per cent. The oil or fat content varied from 
14.1 per cent. to 20.4 per cent., with an average of 18 per 
cent. Only four varieties produced more than 20 per cent. of 
oil. Very high oil and very high protein do not seem closely 
correlated. The variety yielding the most protein gave the 
lowest yield of oil.”
 “Cooperative work with soy beans” (p. 37): In the 
Spring of 1911, four-pound lots of soy beans of the Wilson 
and Peking varieties were sent out to more than one hundred 
farmers of the State, together with directions for growing. 
Owing to the unusually dry summer, several reported failure 
due to the condition of the soil at the time of planting. Many 
of the reports were highly gratifying and indicate that these 
varieties, especially the Wilson, will produce good yields on 
any type of soil in the State. The average of the yields from 
the four pounds of the Wilson variety was 240 pounds. The 
best yield of this variety was made by Mr. J.C. Cowgill, of 
Dover, who grew 540 pounds, or nine bushels, from four 
pounds of seed.
 “The average yield of the Peking lots was 220 pounds. 
The best yield was made by Mr. V.B. Allen, of Seaford, who 
threshed 375 pounds, or six bushels and one peck. By this 
means, a number of farmers have secured seed suffi cient 
to plant a considerable area this season. Seed of these two 
varieties should be readily obtainable in the future.”
 Tables show: (1) Composition of various feeding stuffs, 
incl. soy bean hay and soy beans (grain) (p. 8). (2) Relative 
growth and composition of the roots of soy beans and 
cowpeas (p. 13). (3) Fertilizing ingredients of various hays 
and seeds, incl. soy bean hay. (4) Varieties of soy beans: Ito 
San, Buckshot, Wilson, O’kute (or Okute, see p. 35), Nemo, 
Morse, Ogema, Guelph, Hollybrook, Amherst, Sherwood, 
Meyer, Ebony, Brooks, Kingston, Haberlandt, Austin, Cloud, 
Hope, Medium Yellow, Flat King, Butterball, Arlington, 
Chernie, Mercko, Pingsu, Brindle, Fairchild, Habero, Eda, 
Tashing, Taha, Baird, Peking, Chestnut, Sedo, Manhattan, 
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Columbia” (p. 20-21).
 (5) Test of varieties for hay and seed production (p. 25). 
(6) Comparison of methods of sowing, 1908-1911, yields 
cultivated-drilled vs. not cultivated-solid sown (solid sown 
gave higher yields, p. 28). (7) Effect of fertilizers on soy 
bean yields: Acid phosphate, muriate [chloride] of potash, 
nothing (p. 29). (8) Composition of the soy bean plant at 
different stages of maturity (p. 30). (9) Weight and moisture 
content of soy beans at different stages of maturity (p. 31). 
(10) Analysis of 51 soy bean varieties (28 named and 23 
unnamed) for oil and protein (Averages for air-dry material: 
Protein 39.2%, oil 18.0%.)
 Photos show: (1) Piles of soy bean hay curing in a 
fi eld (cover). (2) Uprooted soy bean plants showing the 
development of nodules 30 days after planting (p. 13). (3) A 
man standing in a fi eld of soy beans that produced 30 bushels 
of seed per acre on the Delaware Experiment Station farm 
(p. 18). (4) A man standing waist deep in “soy beans ready 
to cut for hay” (p. 22). (5) A large fi eld of young soy beans 
cultivated for seed–rows 32 inches apart (p. 32). (6) Soy 
beans growing in Kent County, Delaware (p. 34). Address: 
Agronomist, Newark, Delaware.

333. Parsons, A.A. 1912. The soy bean problem (Letter to 
the editor). Breeder’s Gazette 61(21):1191. May 22.
• Summary: “To the Gazette: It would seem from the many 
different solutions given to the public that it is diffi cult 
to solve the soy bean problem. The soy bean is rated as a 
hot weather plant, and I never saw them wilt under heat or 
drouth, but we have demonstrated time and again that they 
will stand considerable frost at both ends of the growing 
season. We have sown them with oats in March for soiling, 
but of late years we drill altogether in rows to be cultivated. 
A few rows to begin on in July have already been worked 
over this season, while it is yet (May 12) too cold and wet 
to plant corn. Volunteer beans are up where manure was 
scattered during the winter. They must surely be tender 
with some people or they would not be so rated. The reason 
can probably be settled by the experiment stations. We can 
only guess that it is because of the high nitrogen content 
of the seed grown on inoculated ground, which may give 
the greater vitality. The Michigan station in 1893 and 1894 
determined that the leaves and stems of soy beans grown on 
inoculated ground contain 50 per cent more nitrogen than 
those grown without the root nodules, and the seed 16 per 
cent more. This also shows an increased value as a fertilizer. 
In your issue of May 8 there was an article from the same 
source, in which the writer said that if soy beans had not 
previously been grown on the ground it was advisable to 
inoculate. If inoculation more than doubles the feeding value 
of the crop, it is very necessary to inoculate. When people do 
not realize this is it any wonder that the value of the soy been 
on the stock farm is so slow of appreciation?
 “The Tennessee experiment station puts the soy beans 

a little ahead of alfalfa for dairy cows. We consider them 
unsurpassed for hog production, and they are so easy to grow 
that I never knew of a failure. The sheepmen in West Virginia 
could in three months begin to realize with soy beans on a 
small investment while grinding the rocks to make the alfalfa 
possible. They could grow the later sorts that would make 40 
or 50 bushels per acre, which if fed to balance a corn ration 
would equal 150 bushels per acre. No doubt alfalfa is best for 
the big easy-going farmers, but the little high pressure ones 
will sing the praise of soy beans.
 “Hendricks Co., Ind. A. A. Parsons.” Address: Hendricks 
Co., Indiana.

334. Scherffi us, W.H. 1912. Cotton. Agricultural J. of the 
Union of South Africa 3(5):603-24. May
• Summary: Pages 616-17: The section titled “Maintaining 
the fertility of the soil” begins: “The most successful farmer 
is the one who practices an intelligent system of green 
manuring and crop rotation. It pays not only in an immediate 
pecuniary way, but it eventually reacts benefi cially to the 
owner by the value of the land being increased if a high 
state of fertility is maintained. Previously, crop rotation 
has been suggested with a view to pointing out the profi ts 
to be realized on the crops themselves; and the advantage 
of a rotation system for the purpose of combating insect 
pests, fungus, and other diseases. We now wish to call your 
attention to the advantages of a rotation of crops for the 
purpose of maintaining the fertility of the soil. We must fi rst 
realize that by taking out the plant food naturally contained 
in soils without replacing it in some manner and not exhaust 
their fertility, is quite as impossible as it would he for one 
to continue drawing on his banking account without making 
any deposits and not exhaust one’s credit. The quantity of 
plant food in soil is just as defi nite as the amount of one’s 
bank deposit.”
 “Frequently potassium, phosphorus, nitrogen, and 
sometimes calcium, must be supplied on constantly 
cultivated lands, by artifi cial means, or the result will be that 
the soil will become ‘tired’ or worn out. This can in a large 
measure be obviated by rotating crops and using a deep-
rooted crop in the rotation.
 “In this way plant food deposited deep down in the 
sub-soil is brought up and deposited in the roots of the 
plants near the surface, where, after they decay, it becomes 
available for the next crop. Again, it is important to use one 
of the leguminous crops, such as lucerne, clover, velvet 
beans, soy beans, cow-peas, monkey nuts [peanuts], or any 
of the leguminosae group in the rotation, as these plants 
have the power of extracting nitrogen from the air through 
the medium of millions of nitrifying bacteria which form in 
colonies on the roots of the plants The nitrogen is deposited 
in little nodules on the roots of these leguminous plants, and 
is left in an available form for the crop which is to follow.
 “Nitrogen is the most expensive one of the fertilizing 
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elements, the average cost being probably 1s. per lb., while 
the other fertilizing elements should not cost half that 
amount. Then the importance of supplying the nitrogen 
through the medium of the legumes will therefore be readily 
understood.” Address: M.S., Chief Tobacco and Cotton Div., 
Union of South Africa.

335. Morse, W.J. 1912. The soy bean; a valuable leguminous 
crop for the North. Tribune Farmer (New York) 11(553):1-2. 
June 6. [2 ref]
• Summary: This is the earliest article about soybeans seen 
written by William Morse alone; his very fi rst was with 
C.V. Piper in 1910. Contents: Introduction. Adaptation of 
varieties. Preparation of the soil. Feeding to stock.
 “The soy bean is a native of Southeastern Asia... 
Although introduced into the United States a number of 
years ago, it has made practically no progress in the farming 
systems of the Northeastern states. No doubt the chief reason 
for this is that reliable concerning its adaptation, culture, and 
use has not been available in practical form. The soy bean is 
now generally grown in the Southern and Middle states, and 
is also grown successfully in Illinois, Michigan, Wisconsin, 
New York, New Jersey, Pennsylvania, Rhode Island and 
Massachusetts... The soy bean promises to become one of 
our important legumes in the North.”
 “The inoculation can be most practically done by taking 
soil from an old soy bean fi eld, scattering from 300 to 500 
pounds of it an acre on the fi eld to be planted, and harrowing 
in at once. The inoculated soil may also be screened and a 
peck mixed with the seed in the drill box and fed out with 
the seed.” Photos show: (1) A mature soy bean plant, at 
the proper stage for cutting for seed. (2) A comparatively 
cheap but effi cient gas power sprayer on the farm of M.G. 
Keenan near Oneonta, New York. (3) A fi ne specimen of 
a soy bean plant at the Arlington, Virginia, experimental 
grounds. Address: United States Department of Agriculture, 
Washington, DC.

336. Agricultural Gazette of New South Wales. 1912. Trials 
of soy beans. 23(7):592-94. July 2. Summarized by the 
Bulletin of the Imperial Institute. 1912. p. 668.
• Summary: “In Oct. 1911, seeds of Soy Beans received 
from Victoria were distributed by the Department of 
Agriculture to various centres in New South Wales for trial. 
These seeds were supplied as being of a specially suitable 
variety for our conditions.
 “In November, small packets of soil received from 
China were sent to Cowra and Wagga Experiment Farms, 
with instructions that the soil in which the soy beans were to 
be grown should be inoculated with the China soil, and the 
results carefully noted.
 A summary is given of reports received from the 
“Coastal Districts” (soybeans were planted at Bonville, 
Wollongbar Experiment Farm, Hawkesbury Agricultural 

College, Unanderra), “Tableland Districts” (planted at 
Bathurst Experiment Farm), “Western Slopes” (planted at 
Cowra Experiment Farm), “Riverina” (planted at Wagga 
Experiment Farm, Elm Park/Jindera, Harden, and Yanco 
Experiment Farm), and the “Western Plains” (at Nyngan 
Demonstration Farm).
 In New South Wales soybeans either failed to germinate, 
or the young plants were killed by unfavorable weather or 
destroyed by rabbits. In spite of the fact that the experiments 
were made on a small scale and that insuffi cient care seems 
to have been taken, it is concluded that black cowpeas give a 
larger crop for fodder and thrive better.
 This is the earliest document seen (Aug. 2018) that 
describes inoculation trials with soybeans in Australia or 
Oceania. Address: Australia.

337. Piper, C.V. 1912. Re: Please ship soybeans to Curacao, 
Dutch West Indies. Letter to Mr. William Morse, Forage 
Crop Investigations, Bureau of Plant Industry, USDA, 
Washington, DC, July 18. 1 p. Typed, with signature on 
letterhead.
• Summary: Dear Mr. Morse: Will you kindly arrange 
to have shipped to G.B. Dussel, Esq., Agricultural 
Superintendent, Colonie Curacao, D.W.I., one bushel of soy 
beans, which may consist of two or three varieties, and 500 
pounds of alfalfa soil for inoculation.
 “Yours very truly, Agrostologist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017.
 Note: Why did Morse not send 1 ounce of inoculum 
prepared by the USDA instead of 500 pounds of alfalfa soil 
for inoculation? Address: Agrostologist, USDA Bureau of 
Plant Industry, Forage Crop Investigations.

338. Heron, A.H. 1912. The soya bean and its uses (From 
Cope’s planting leafl ets). Queensland Agricultural Journal 
29(1):88-95. July. [1 ref]
• Summary: A near reprint of: Heron, E.H. 1911. “O feijao 
soya e os sues usos [The soybean and its uses].” Reparticao 
de Agricultura Mozambique, Boletim (Mozambique 
Department of Agriculture, Bulletin) No. 5. 16 p.
 The soja bean constitutes a good food for swine. 
Address: Australia.

339. Li, Yu-ying; Grandvoinnet, L. 1912. Le soja: Sa 
culture. Ses usages alimentaires, thérapeutiques, agricoles et 
industriels [The soybean: Its culture. Its food, therapeutic, 
agricultural, and industrial uses]. Paris: Augustin Challamel 
(Rue Jacob 17). 150 p. Illust. Index. 25 cm. Translated into 
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French and expanded from the Chinese edition, published 
by la Societé Biologique d’Extréme-Orient (1910). [151 ref. 
Fre]
• Summary: One of the earliest, most important, infl uential, 
creative, interesting, and carefully researched books ever 
written about soybeans and soyfoods. Its bibliography on 
soy is larger than any published prior to that time. It was fi rst 
published as a series of eight articles in Agriculture Pratique 
des Pays Chauds (Bulletin du Jardin Colonial) from 
September 1911 to April 1912. Before being published as a 
book, it was revised slightly by adding a table of contents at 
the back, dividing the material into 5 parts with 19 chapters, 
and adding several photos (p. 16-17), a world map showing 
the distribution of soybean cultivation (p. 21), and an 
interesting 2-page table (p. 66-67).
 Contents: The soybean: Origin and history. Part I: 
Soybean culture. 1. Species and varieties of soybeans: 
Botanical characteristics, species, varieties (Chinese, 
Japanese, Indian, Indochinese, Hawaiian, USA, European). 
2. Needs of the soybean: Climatic, geographical area of 
the soybean by region worldwide, agrological/soil needs, 
fertilizers, soil preparation, the place of the soybean in crop 
rotations. 3. Soybean seeds: Study of seeds (by weight, 
by germination rate, selection of seeds), time of planting, 
plant spacing, depth of seeding, rate of seeding per hectare, 
method of seeding (broadcasting, in rows, in mounds). 
4. The soybean during its vegetative stage: Germination, 
transplanting, types of care (e.g., second dressings), 
irrigation, fl owering and fruiting, enemies of the soybean 
(e.g., insects). 5. Harvest of soybeans: Time for harvest 
(forage or grain), methods of harvesting (forage or grain; 
mechanical mower), threshing (use of machine), yields of 
soybeans (forage and grain in various countries, ratio of 
seeds harvested to straw is about 1 to 2, yield of nutrients). 
6. Fixation of atmospheric nitrogen by soybeans, and 
improvement of the soil. 7. The soybean in mixed cultures 
and alternate rows: With corn, cowpeas, rice, sweet sorghum, 
or millet.
 Part II: Chemical composition of the soybean. 1. 
Composition of the plant: Minerals in the leaves and 
total plant. 2. Study of the seed: Composition, chemical 
composition, microscopic comparisons, table of analyses by 
28 previous researchers, albumins, sugars, starch, dextrin or 
dextrine, diastase, lipids, ash/minerals.
 Part III: The soybean as human food and animal feed. 
1. The soybean as feed for animals: Green forage and hay. 
2. The soybean in human feeding: From the viewpoints of 
physiology, economy, and gastronomy. The role of soya in 
special diets: Vegetarianism, remineralization, diabetic, and 
lactose intolerant.
 Part IV: Food products based on soya. 1. Soymilk and 
its derivatives: Soymilk (Methods of manufacture, Chinese 
and modern at l’Usine de la Caséo-Sojaïne, nature and 
properties [physical and chemical] and composition of the 

milk, action of ferments and diastases (enzymes) on the 
milk, uses of the milk, the residue from the soy dairy [okara], 
condensed soymilk, powdered soymilk, fermented soymilk 
(kefi r, yogurt, etc.)), tofu (called Caséo-Sojaïne, or fromage 
de soya; methods of production, coagulants, yield of tofu, 
storing tofu, composition and comparison with various 
meats, digestibility, culinary preparations made from tofu 
(smoked tofu, tofu pâté, tofu sausages)), Soy casein (food 
and industrial uses). 2. Soy fl our and its derivatives: Soy 
fl our, soy bread, wholemeal bread, other products based 
on soy fl our (as biscuits and cakes for diabetic diets). 3. 
Soy oil and its by-products: Soy oil, physical and chemical 
properties, usage, residue of the oil mill: the cake, price, 
uses. 4. Use of the soybean as a legume: Whole soybeans 
(composition and digestibility), soy sprouts (germes de soja), 
green vegetable soybeans (le soja frais). 5. Fermented soy 
condiments: Solid condiments from Japan: Tokyo natto (Le 
Tokio-Natto) and Ping-Ming natto or tao-tche (Le Ping-ming-
Natto; fermented black soybeans with salt, ginger, orange 
rind, etc. A similar product is made in China and called tao-
tche). Paste condiments: Miso (four types and composition), 
tao-tjung (Chinese miso). Sauces: Shoyu (its production, 
varieties, properties, composition), chiang-yu (tsiang-yeou), 
ketjap [kechap, from Java], tuong (from Annam, with rice or 
corn), tao-yu (widely used in China and Japan, described by 
Prinsen Geerligs). 6. Confectionery products: Comparison 
with chestnuts, roasted soy fl our to replace chocolate. 7. Soy 
coffee (with analysis by Kornauth). 8. Special fermented 
products: Kiu-tsee (a special commercial ferment from 
Canton described by Thiersant), fermented soymilks.
 Part V: Industrial uses of soybeans. Oil based: soap, 
wax candles (bougie), and paint oils. Protein based: sojalithe 
or soy stone which corresponds to lactite, insulators for 
electrical apparatus, glue, etc. Conclusion. Addendum 
(Complément) to Part III, Chapter 1: Soybean straw and 
stems. Composition of various seeds, including soybeans. 
Soy fl our. The cakes from oil mills. Soymilk and the cake 
from soy dairies (tourteau de laiterie, okara).
 A very interesting table (p. 66-67, which does not appear 
in the original 8 articles) shows earlier nutritional analyses 
of the composition of soybeans by Steuf (from Hungary, 
Mongolia and China), Schroeder, Caplan, Pellet (from China, 
Hungary, Etampes), Muntz, Nikitin (black soybeans from 
Russia, 2 samples), Lipski [Lipskii] (yellow, from Russia), 
Giljaranski (yellow from Russia, China and Japan; black 
from China and Japan; green), König (Hispida platycarpa 
black, Tumida yellow, brown and black), Prinsen (white from 
Java and China), Goessmann, Kellner, USDA, Chemiker 
Zeitung (white from Java and China, 29 Jan. 1896), Scuff 
(misomame; miso soybeans), Zulkovski (yellow from China, 
reddish brown from Mongolia), Institut Agr. de Vienne 
(Austria; yellow from Vienna, reddish brown from Tirol), 
Ecole Imp. et Roy d’Ag. Hong (yellow from Mongolia and 
China, reddish brown from China), Chez M. Olivier Lecq 
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(from Moravia), Lechartier (Etampes and black), Joulie 
(yellow), Stingl and Morawski, Bloch (yellow, green, and 
black), Balland, Cavendish Evelyn Liardet (yellow, brown, 
green, black, and white), Jardin Colonial (Laos, Tonkin, 
China), Aufray (Tonkin, Yun-nan), Homes Laboratory (black 
from China, or white). Photos and illustrations are the same 
as those referenced in individual sections of the book, except 
for the following: A fi eld of soybeans (p. 16). A soybean 
plant growing in Europe (p. 17). Color illustrations appear 
facing pages 12, 22, and 64. Address: Li is from Societe 
Biologique d’Extreme-Orient (Chine). Grandvoinnet is from 
Ingenieur Agricole (G.).

340. Lipman, Jacob G. 1912. The associative growth of 
legumes and non-legumes. New Jersey State Agricultural 
Experiment Station, Bulletin No. 253. 48 p. Oct. 1 [1 ref]
• Summary: Lipman, who appears to have performed the 
fi rst experiments on the associated growth of legumes with 
non-legumes, included some observations on soy beans 
and recorded that while with some legumes the non-legume 
benefi ted from the association, in the case of soy bean 
(and cowpea) the benefi t to the non-legume was much less 
marked.
 Page 4: “In describing the cropping methods observed 
by him [King 1911] in China, Japan and Korea, the author 
mentions time and again the very common practice of 
growing non-legumes in association with legumes. Thus, soy 
beans are grown in alternate rows with barley (2), millet (8) 
or maize (4).”
 “’The planting here, as elsewhere, is in rows, but not 
of one kind of grain. Most frequently two rows of maize. 
Kaoliang or millet alternated with soy beans, and usually 
not more than twenty-eight inches apart, sharp high ridge 
cultivation being the general practice. Such planting secures 
the requisite sunshine with a larger number of plants on the 
fi eld; it secures a continuous general distribution of the roots 
of the nitrogen-fi xing soy beans in the soil of all the fi eld 
every season, and permits the soil to be more continuously 
and more completely laid under tribute by the root systems. 
In places where the stand of corn or millet, was too open, the 
caps were fi lled with soy beans. Such a system of planting 
possibly permits a more immediate utilization of the nitrogen 
gathered from the soil air in the root nodules, as these die 
and undergo nitrifi cation during the same season.’
 “These somewhat lengthy quotations are direct evidence 
that the Chinese and Japanese farmers learned many 
generations ago that legumes infl uence favorably the growth 
of non-legumes associated with them.”
 “Summary and Conclusions:
 “1. Under favorable conditions non-legumes associated 
with legumes may secure large amounts of nitrogen from the 
latter, even though this may not be indicated by an increased 
proportion of nitrogen in the dry matter of the non-legume.
 “2. The presence of the non-legume in the mixed growth 

need not decrease the yields of dry matter and nitrogen in the 
legume.
 “3. When sodium nitrate is applied to such crop 
mixtures, the non-legumes gain an advantage in the 
competition for moisture, light and plant-food, and the 
growth of the legume is depressed. The latter contains then 
not only less of dry matter and nitrogen, but may possess a 
smaller proportion of nitrogen in the dry matter.
 “4. The presence of larger amounts of sodium nitrate 
tends to depress nitrogen fi xation by legumes in mixed or 
unmixed growths.
 “5. It seems probable that nitrogen compounds pass out 
of the roots of at least some legumes, and that such nitrogen 
compounds may become available to the non-legumes in 
mixed growths.
 “6. Legumes seem to differ as to their capacity to supply 
nitrogen compounds to non-legumes associated with them.
 “7. When legumes and non-legumes are grown together, 
the relative yields of the two are intimately affected by 
the amount of available nitrogen compounds in the soil. 
Everything else being equal, the greater the amount of 
combined nitrogen placed at the disposal of the mixed crop, 
the greater the relative yield of the non-legume, and the 
smaller the relative yield of the legume. Hence, on poor 
soils, properly inoculated, legumes are more prominent in 
crop mixtures than non-legumes.
 “8. In the associative growth of legumes and non-
legumes, the development of the latter may be depressed 
rather than enhanced when factors other than the supply of 
combined nitrogen limit production.
 “9. The mere determination of the proportion of nitrogen 
in non-legumes grown alone and in association with legumes 
is not adequate for demonstrating that the latter supply 
nitrogen compounds to the non-legumes associated with 
them.” Address: Ph.D., Director of the station.

341. Tracy, S.M. 1912. Forage crops for the cotton region. 
Farmers’ Bulletin (USDA) No. 509. 47 p. Oct. 11. See p. 29, 
43-44.
• Summary: Forage crops include grasses, legumes, and 
miscellaneous (such as chufas), hay crops, pastures, silage 
crops, and soiling crops. In the section on “Legumes” (p. 
21-33) are subsections on alfalfa, melilotus, red clover, 
alsike clover, crimson clover, bur clover, lespedeza or Japan 
clover, cowpeas, soy beans, velvet beans, vetches, Florida 
beggarweed, and peanuts (p. 33). In the subsection on “Soy 
Beans” we read (p. 29): “Although the soy bean has been 
grown in this country occasionally for a long time it is only 
within the last 10 years that it has attracted general attention 
as a forage crop. It has been found to grow well in all the 
cotton region, as well as farther north. It is strongly drought 
resistant and makes a hay similar in quality to that from 
cowpeas, though usually with a larger proportion of seeds 
and somewhat more woody stems. There are many varieties 
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which differ greatly in time of growth, some ripening 
within 90 days from sowing the seeds, while others require 
the whole season. The Mammoth, a late variety, is now 
commonly grown in the South. The Ito San is a good early 
variety and quite commonly grown. A number of recently 
introduced varieties are becoming popular, among them the 
Haberlandt, Acme and Tokyo. For the region near the Gulf 
coast the Riceland and Barchet varieties have given the best 
results.”
 “Inoculation with soil from an old soy-bean fi eld is 
desirable but not usually necessary in the South. Rabbits are 
exceedingly fond of the young plants and sometimes cause 
serious injury to the crop when the fi eld is near woods.”
 “The yield of seed varies from 10 to 30 bushels per acre. 
It is not a desirable crop to plant with corn, as it matures 
too late. As the seeds of many varieties shatter badly, the 
gathering for seed should not be delayed longer than is 
necessary for their ripening, and many more seeds will be 
saved if the cutting is done early in the morning while the 
pods are still damp with dew.”
 The section on “Temporary pastures” (p. 42-43) 
recommends planting soy beans in June and July, August, 
September and October (along with cowpeas, chufas, corn, 
and peanuts), and November.
 The section titled “Silage crops” notes: “While the 
silo is of less importance in the cotton region than in the 
regions of shorter grazing seasons [further north], it is 
usually a profi table investment for the dairyman.” It provides 
succulent feed through the dry months of late summer. Corn 
and sorghum are the principal crops for making silage, but 
the quality of the feed made from them is greatly improved 
when mixed with even a small portion of some legume, like 
cowpeas, soy beans, or beggarweed.”
 The section on “Soiling crops” (p. 44) begins: “Soiling 
is often more economical than grazing, especially where 
land is expensive, as it enables one to keep fully three times 
the number of animals on the same area.” “On soils where 
alfalfa can not be grown it is usually possible to use vetches, 
cowpeas, or soy beans in its place.”
 Concerning “Making hay” (p. 44-45): “Legumes like 
cowpeas and soybeans in which the seed is an important part 
of the forage, should not be cut until the earliest pods begin 
to mature.”
 A table titled “The best forage crops for the Southern 
States” (p. 46-47) lists 6 types of forage crops in 8 states. 
The soybean is listed under two of the types: (1) Annual 
summer crop for hay in North Carolina, South Carolina, 
Alabama, Mississippi, and Louisiana. The most popular 
summer crop for hay is cowpeas; sorghums and lespedeza 
also rank high. Soy beans are typically third or fourth on the 
list; (2) Annual summer crop for pasture in North Carolina, 
South Carolina, Alabama, and Mississippi. The most popular 
summer crop for pasture is cowpeas, followed by lespedeza. 
Soy beans are typically second or third on the list.

 The subsection titled “Chufas” (p. 34-35) states that they 
are “a profi table crop on sandy soils where winter grazing is 
wanted for hogs and poultry. They grow best on soils which 
are very light and sandy and yield well with a moderate 
amount of cultivation... Many growers claim that the tubers 
are more fattening than peanuts.”
 Note: Samuel Mills Tracy lived 1847-1920. Address: 
Special Agent, Offi ce of Forage-Crop Investigations.

342. Eichenger, A. 1912. Regarding legume cultivation and 
inoculation experiments (Abstract). Experiment Station 
Record (USDA) 27(5):419. For the year 1912. [1 ref]
• Summary: An English-language summary of the following 
German-language article: “Ueber Leguminosenanbau und 
Impfversuche [Regarding legume cultivation and inoculation 
experiments].” Pfl anzer 8(4):190-219. April.

343. Agee, Alva. 1912. Crops and methods for soil 
improvement. New York, NY: The Macmillan Co. xv + 246 
p. Nov. Illust. 20 cm.
• Summary: Soybeans are mentioned on pages viii, 42-43, 
108-12, 113, 155, and 156.
 In chapter 4, “Organic matter,” a section titled “The 
right bacteria” states (p. 42-43): “A fact of importance to the 
farmer is that the bacteria which thrive on the roots of some 
legumes will not serve other legumes. This is a reason for 
many failures of alfalfa, crimson clover, the soybean, the 
cowpea, hairy vetch, and other legumes new to the region.”
 The next section in this same chapter, “Soil inoculation,” 
states: “We believe that some bacteria are carried in the dust 
on the seed, and produce partial inoculation. Other causes 
are more obscure. The cowpea trails on the ground, and 
carries its bacteria more successfully than the soybean. Most 
legumes require a soil artifi cially inoculated when brought 
into a new region, failing otherwise in some degree to make 
full growth.”
 Whereas chapter 5 is “The clovers,” chapter 6 is 
“Alfalfa,” and chapter 10 is “The Cowpea,” chapter 11, 
which is titled “Other legumes and cereal catch crops,” 
begins with a long section on “The soybean” (p. 108-12): 
“The soybean is gaining a place among the valuable legumes 
of the United States, and the acreage is increasing as its 
merits become known to all. Its northern limits of profi table 
production are much farther north than those of the cowpea, 
and approach those of corn. In the south it is gaining friends. 
Some of the advantages of the soybean over the cowpea, as 
found by the Tennessee station, may be stated as follows:
 “1. Greater seed production in case of fertile soils.
 “2. Less sensitiveness to cold in spring and fall.
 “3. Greater feeding value of the seed.
 “On the other hand, a stand of cowpea plants is surer in 
the case of soils that crust and germination runs higher. Its 
climbing habit makes it better suited for growing with corn 
for forage. A less amount of leaves is lost in curing.
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 “Fertility Value.–There are so many varieties of the 
soybean and the cowpea, and adaptation to soil and climate 
varies so widely, that a fair comparison is diffi cult to make. 
In cool latitudes the soybean is recognized as distinctly more 
profi table, making larger yields of vines and of seed. Where 
adaptation is equal, the cowpea makes a slightly larger 
growth of vines for hay, but the soybean gives a much richer 
lot of seed for use as grain.
 “When soil fertility is the chief consideration, the 
adaptation of climate and soil should decide our choice 
between these two legumes. There is no serious difference 
where conditions for each are equally good. In cool latitudes 
the soybean should be chosen. In the Ohio Valley it is usually 
to be preferred. The greater part of the organic matter and the 
plant-food is stored in the vines and seed.
 “Feeding Value.–The soybean makes a rich hay, 
surpassing clover, but it is coarse, and its unattractive 
appearance has caused many farmers to condemn it without 
trial. Livestock eat it greedily, and it is one of our richest 
coarse feeds. The curing is more diffi cult than in the case 
of the cowpea because the leaves drop early, and the plants 
must be harvested before they approach maturity.
 “Probably the large yield of rich seed is the most 
important feature of the soybean crop. A ton of the seed 
contains as much protein as a ton of old-process oil meal, 
and three fourths as much as a ton of cottonseed meal. A 
good crop of the soybean will yield 18 to 20 bushels of seed, 
and as the nitrogen may be obtained chiefl y from the air, the 
protein from this crop will come to be a leading substitute for 
purchased protein feeds.
 “Varieties.–There are many varieties of the soybean, 
and their characteristics are modifi ed by climatic conditions. 
Each region will fi nd the varieties best suited to its purposes 
by tests. When hay is wanted, the variety should have fi ne 
stems and a leafy habit of growth. It may not be a good 
producer of seed, or able to hold the seed unshattered. The 
harvesting should be done when some lower leaves turn 
brown and before the pods are half fi lled. This stage of 
maturity should be reached early enough in the fall to insure 
some hot days for making the hay, and to permit harvesting 
in time for seeding to wheat. The preparation for wheat is 
made with the harrow and roller or plank drag.
 “When the soybean is grown for seed, the variety should 
hold the peas without undue shattering, and an erect grower 
is more easily handled without loss of the crop. Varieties 
for regions will vary, as do varieties of corn, according to 
climate.
 “The Planting.–Early varieties of the soybean in the 
south can be planted as late as mid-summer, but farther 
north a profi table crop requires nearly all of the summer 
heat. The planting may be made soon after the usual time of 
planting corn, or whenever the ground has become warm. 
The preparation of the soil should be more thorough than 
that often given the cowpea. Solid drilling of fi ve pecks of 

seed per acre is satisfactory when the crop is for fertilizing 
purposes only, and gives an excellent hay on land free of 
weeds. When the crop is wanted for hay, however, wheat 
usually will follow, and it is much better to plant in rows and 
to give two or three cultivations so that the ground may be 
easily prepared for the wheat.
 “A seed crop should be grown in rows. Three pecks of 
seed in rows 28 inches apart is the usual amount.
 “The soybean does not come up through a crusted 
surface as well as most other plants, and planting should not 
be made immediately before a rain. The plants are tender and 
easily injured by use of a weeder.
 “The fertilizer requirement is like that of the cowpea. An 
application of 200 pounds of acid phosphate per acre should 
be given, and the addition of 50 pounds of muriate of potash 
often pays.
 “Harvesting.–The soybean is not an easy crop to handle 
without loss. When grown for seed, the tendency of the pods 
to split and to drop the seed compels early cutting, and that 
makes curing more diffi cult. The mower is the only practical 
harvester on most farms, and the swath must be turned out 
of the way of the horses to save tramping. A side-delivery 
attachment can do the work. This is the best practice when 
cut for hay. When used for mixing with corn in a silo, the 
self-binder is satisfactory. The hay and seed crop must have 
thorough fi eld-curing in windrow and bunches, and the 
harvest comes in a season when cold rains may prevail. This 
disadvantage of one of our most valuable crops is to be taken 
into account, but it will not prevent rapid increase in acreage 
as the merit of the soybean becomes known.”
 The section on “The Canada pea” states (p. 113): “There 
is no profi table place for the Canada pea in crop-rotations 
farther south than the true oat-crop belt, except as a green-
forage crop. The soybean and red clover have greater 
usefulness in the center of the corn belt.”
 Chapter 15, “Crop rotations,” notes (p. 155): “Two 
Legumes in the Rotation.–If all the crops of this fi ve years’ 
rotation, excepting wheat, were fed on the farm, and if all 
the manure were saved and rightly applied, there would be 
little or no diffi culty in maintaining fertility, provided the soil 
were friendly to clover. The fact is that much such land has 
grown poorer, and it is known that another legume is needed 
in the rotation. The substitution of the soybean or cowpea for 
the oat crop gives excellent results. It makes a large supply 
of rich hay, and it fi ts the soil nicely for winter grain. The use 
of the breaking-plow is escaped. The surface of the land is 
in good tilth, especially if the legume was planted in rows so 
that cultivation could be given.”
 Page 156: “Where land is thin, a four years’ rotation of 
corn, soybeans or cowpeas, wheat, and clover is one of the 
best, because it contains two leguminous crops, and because 
one of them favors the wheat which follows and the clover 
seeded in the wheat.
 “Potatoes after Corn.–When potatoes are grown in the 
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corn belt, a fi ve years’ rotation of corn, potatoes, oats, wheat, 
and clover, or corn, potatoes, wheat, clover, and timothy, is 
one of the best. When a late potato crop is grown, there is not 
time for seeding to wheat in cool latitudes, and the oat crop, 
or the soybean, fi ts in best.”
 Note: Alva Agee lived 1858-1943. Address: M.S., Head, 
Dep. of Agricultural Extension, Acting Dean and Director 
of the School of Agriculture and Agric. Exp. Station, 
Pennsylvania State College.

344. Kuijper, J. 1912. Soja [Soya]. Departement van den 
Landbouw, Suriname, Bulletin No. 29. p. 24-29. Nov. [Dut]
• Summary: In recent years, since 1908, soya has become 
a product of great importance on the world market. There 
are few products whose exports have risen so dramatically 
in just a few years. The reason for the great expansion of 
trade in soya can be found in the great demand by industry 
for oilseeds. For more than 30 years, experiments have been 
conducted on growing soybeans in Europe, but the results 
have not been very promising. Some people have suggested 
that soya might be able to be grown in Suriname. It is grown 
in many tropical countries, including Siam, British India, and 
Java. Requirements for cultivation and yields are discussed. 
Japan reports the highest yields, 2,500 kg/ha, compared with 
1,000 to 1,400 kg/ha from the USA. Soybeans produce more 
protein and oil per unit area of land than any other farm crop. 
The seed is used mainly for human consumption but the 
plant also yields, fresh or dried, an excellent livestock feed, 
which is why so much research on it is now being conducted 
in Australia and America. It is important for Suriname that 
soya can be used as a green fodder, for example interplanted 
and fed with corn.
 From soya one can make numerous products such as 
soymilk (soyamelk), soy cheese [tofu] (soyakaas, whose 
food value is higher than that of meat), soy fl our, soy bread 
(soyabrood), oil (olie), various sauces (soya sauce, Worcester 
sauce, etc.), and various substitutes for coffee and chocolate, 
etc. (surrogaten voor koffi e en chocolade enz.).
 In Suriname soya is cultivated on a small scale by the 
Javanese, for example in Lelydorp and in the settlements 
of Johan and Margaretha. Many experiments with Soya 
have already been conducted in the experimental garden 
(Cultuurtuin). Seeds imported from America did not give 
good results; the plants remained small, yielded few fruits, 
and died quickly thereafter. It is a common occurrence that 
plants from temperate or subtropical regions do not grow 
well in the warm tropics in the rainy season. Of the seeds 
cultivated in Suriname, two varieties give good results. 
Those cultivated by the Javanese give hardy plants and a 
lot of seed though exact yield fi gures are not available; the 
planted area is still quite small. But the yield is about 1,000 
kg/ha. Apparently the necessary bacteria are present in the 
soil, for the roots show nodulation.
 In the experimental garden two beds of soya were 

planted on May 24. The fi rst seeds ripened after 3 months 
and within 4 months all was harvested. Thus the plants 
developed during the rainy season, and they probably got 
too much water. The results would probably be better if 
this season could be avoided. Soya is sold in Suriname for 
hfl  30 per bag, a considerably higher price than that paid in 
Europe. On the plantations Peperpot and Jaglust experiments 
with soya have also been conducted. The European seed that 
was used gave very limited results. The experiments will be 
conducted again using Suriname seeds.
 With the market price at hfl  10 per bag, it seems very 
unlikely that the cultivation of soya in Suriname will ever be 
profi table, unless high yields can be obtained. As mentioned 
above, this seems unlikely. Small scale cultivation for sale in 
Suriname, however, seems advantageous at present, while in 
areas where cattle are raised the use of soya as a green feed 
to replace more expensive secondary feeds will likely give 
good results.
 Note 1 This is the earliest document seen (Aug. 2015) 
concerning soybeans in Suriname, or the cultivation of 
soybeans in Suriname.
 Note 2. This is the earliest Dutch-language document 
seen (Nov. 2012) that uses the term surrogaten voor koffi e to 
refer to soy coffee.
 Note 3. This is the earliest Dutch-language document 
seen (Aug. 2013) that uses the term soyamelk to refer to 
soymilk.
 Note 4. This is the earliest Dutch-language document 
seen (April 2013) that uses the term soyakaas to refer to tofu. 
Address: Surinam.

345. B. 1912. Soy bean experience. Rural New-Yorker 
71(4182):1268. Dec. 21. Oversize.
• Summary: “I have grown Soy beans for the past four 
years in Oceana County, Michigan, with very good results, 
and without inoculation of any kind. There have been no 
tubercles on the roots until this year, in a fi eld where these 
beans were grown the past season, and in this fi eld there 
were tubercles on the roots, but the yield of beans was no 
greater than in other fi elds where there were no tubercles on 
the roots. The variety grown is an early yellow, and ripens 
every year here. These Soy beans will yield up to 20 bushels 
of seed per acre and even more. I have been growing them 
for the seed trade and using the straw for horse and cow feed, 
but I have had trouble in getting them thrashed clean, as a 
common bean thrasher will only take from 50 to 75 per cent. 
of the beans from the pod. Has anyone had any experience 
in this line that will help me? B.” Address: Oceana County, 
Michigan.

346. Earp-Thomas Farmogerm Co. 1912. How to grow 
alfalfa: on your farm or country estate. Farmogerm 
inoculation (Ad). Rural New-Yorker 71(4182):1264. Dec. 21. 
Oversize.
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• Summary: Alfalfa permanently enriches the soil in which 
it grows and yields a sure crop of the fi nest forage. You can 
grow it on your farm! But you must meet your particular 
soil conditions–therefore–we will without cost or obligation 
give you expert advice on the selection of seed–seed bed 
preparation–planting–and care necessary to meet your 
requirements and secure a perfect stand with the aid of
 “Farmogerm Inoculation: Standard throughout the 
world.
 “Let us tell you of the method of growing vetch with 
your spring planting of Oats to increase the Oat crop and 
enrich the soil at the same time. Also how to secure the same 
results by growing Soy Beans or other legumes with your 
Corn. This is practical information of value to every farmer.
 “Lay out of plan of general soil enrichment and farm 
improvement for the coming year–Sends us particulars and 
let us help you plan it economically and effi ciently.
 “Our New Book No. 54 ready January 1st. Sent free.”
 Note: This same ad appeared on p. 1289 of this volume. 
Address: Bloomfi eld, New Jersey.

347. Markley, Horatio. 1912. The soy bean crop. Rural New-
Yorker 71(4182):1263. Dec. 21. Oversize.
• Summary: “The great value of the Soy bean as a farm 
crop has become recognized by many farmers in the last 
few years, and the area over which it is successfully grown 
is rapidly increasing. Its limit of production is much farther 
north than that of the cow-pea. On good soils it will probably 
grow as far north as corn can be successfully grown. Its 
fertility value is as high as any legume we can grow. It is 
not possible to compare its value with clover or Alfalfa as it 
has an entirely different place in the rotation. Where a four-
year rotation of corn, oats, wheat and clover is grown, we 
believe that to substitute the Soy bean for oats would add 
wonderfully to the feeding value of the rotation, as well as to 
increase the fertility of the soil by having two legumes in one 
rotation. The Soy bean can be grown for hay, for seed crop or 
for silage.
 “When grown for hay we have found that the best way 
on our soil in North Central Ohio is to plow the ground early 
in the Spring and cultivate occasionally until the 20th of 
May to destroy weed seed; then sow from four to fi ve pecks 
per acre with wheat drill, using all the drills. The plants then 
take care of themselves until ready to harvest. If, however, 
the weed seeds have not been destroyed it is safer to drill 
far enough apart to give one or two cultivations. Fairly good 
corn land will grow from two to three tons per acre of rich 
hay, surpassing clover, coarse and rough looking, but live-
stock eat it greedily and thrive on it. It is our richest coarse 
feed as far as protein content is concerned. There can be only 
one possible objection to Soy beans for hay, and that is in 
curing them. Harvested in September there is less heat than 
earlier and more danger of bad weather; however they are 
much less injured by rain than is clover.

 “For a seed crop we sow about three pecks of seed to 
the acre, far enough apart to cultivate two or three times; 20 
bushels of seed with 2,800 pounds of straw per acre is an 
average crop. The beans are slightly richer in protein than oil 
meal, and the straw as rich as clover hay, but being ripe and 
somewhat woody would not be as digestible, yet cattle eat 
the thrashed straw with very little waste. The beans make a 
good substitute for tankage in the feeding of young pigs. At 
the present price for the beans it is an excellent money crop, 
worth more than double wheat, buckwheat or oats. For silage 
we believe it is better to grow the corn and beans separately, 
although some report success by growing them together. The 
Ohio Experiment Station, in fi lling the silo, uses two loads of 
corn to one of beans.
 “The subject of inoculation is an important one in the 
matter of soil improvement, and yet a good crop of beans 
can be grown without inoculation. We follow Soy beans 
with wheat by disking the ground, and fi nd the seed bed in 
excellent condition for that crop.” Address: Ohio.

348. Field (Henry) Seed Co. 1912. Annual seed catalog, 
1912. The seeds that yield are sold by Field. Shenandoah, 
Iowa. 84 p. See p. 32. Illust.
• Summary: The section on “Pasture and Meadow Mixtures” 
(p. 32) contains this subsection: “Quick-Action Hog Pasture. 
Not permanent, but intended for quick results where you 
wish to get lots of green feed as soon as possible for hogs 
and calves, or where you have odd lots of ground which you 
wish to put to use. Contains Barley, Field Peas, Rape and 
such quick-coming annuals as will make luxuriant growth in 
from six to eight weeks. Can be sown very early in the spring 
and will be ready for pasture by the middle of May. For use 
later in the season, especially for sowing in July and August 
for fall pasture, we vary the mixture, using more cowpeas 
and soybeans and sorghum. Price, 100 lbs., or over, 4½ cts. 
per lb.; less amounts at 5¢ per lb.”
 Note: This catalog is owned by Special Collections, 
USDA National Agricultural Library, Beltsville, 
Maryland. It has been digitized and is available on the 
Internet Archive website: https://archive.org/details/usda-
nurseryandseedcatalog
 Note 2. This is the earliest seed catalog seen that 
contains the word “soybeans.” The Field catalogs published 
in 1913 and 1914 contain the same text. Address: 227 West 
Washington St., Indianapolis.

349. Harlan, Caleb. 1912. Farming with green manures, 
on Plumgrove Farm. Revised and enlarged. Wilmington, 
Delaware: F.R. Crumlish Co. 155 p. See p. 33-34, 49-51. 
Reprinted in 2016 by Forgotten Books.
• Summary: In Chapter 7, “Legumes as Green Manure 
(p. 32+) we read (p. 33): “Nearly every legume has one 
particular strain of bacteria which can live and thrive upon 
its roots and ordinarily this strain will not live on the roots 
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of any other kind of legume. The bacteria upon the soy bean 
is different from those upon the cowpea and neither sort can 
exist on the other plant.”
 “When the legumes are well supplied with tubercles 
the growth of the plant is not only more vigorous but the 
plant itself is much richer in composition. The Michigan 
Experiment Station performed an interesting experiment with 
soy beans where it was found that plants well supplied with 
tubercles produced 114 pounds of nitrogen per acre while 
those without tubercles produced only 76 pounds of nitrogen 
per acre. Cowpeas with tubercles on their roots yielded 139 
pounds of nitrogen per acre. as compared with 118 pounds 
for the non-tubercled plants.”
 Page 34: “In regard to length of life and manner of 
growth the legumes may be divided into three classes or 
groups. (1) Biennials and perennials such as sweet clover, 
red clover, alsike clover and alfalfa; (2) Winter annuals, 
planted in the fall and maturing early the following spring 
as hairy vetch, crimson clover and bur clover: (3) Summer 
annuals such as cowpeas and soybeans. From these groups it 

is usually possible to make a selection of a crop suited both 
to the climatic conditions and also to the rotation practiced 
upon the particular farm in question.”
 In chapter 10, “Miscellaneous Legumes as Green 
Manures,” the section titled “Soy Beans” (p. 49) states:
 “The soy bean, also called soja bean, came originally 
from southeastern Asia but has long been much cultivated in 
China, India, and Japan.
 “One ton of green soy beans contains 1500 pounds of 
water, 12 pounds of nitrogen, 3 pounds of phosphoric acid, 
and 11 pounds of potash valued at $3.10. One ton of the 
dry roots contains a little over $5.00 worth of fertilizing 
materials.
 “The average yield of the green tops is about six tons per 
acre. The soy bean is similar in many respects to the cowpea. 
It is used to a considerable extent as a soil improver in the 
Southern States and is also grown as far north as Minnesota, 
Ontario and New England. The soy beans are thus adapted 
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to a wider range of climate than the cowpeas. They will also 
succeed better than cowpeas on poorly drained soil as well 
as under conditions that are too dry for the best production 
of cowpeas. The seed is usually cheaper than that of cowpeas 
owing to the fact that the soy bean seed can be readily 
harvested by machinery. It is usually necessary to cultivate 
the soy beans inasmuch as they are not as successful 
as cowpeas in smothering out the weeds which prove 
troublesome throughout the humid sections of the country.
 “The Michigan Experiment Station found that inoculated 
soy beans were able to add 38 pounds of nitrogen to the soil 
which was secured from the air. The Arkansas Experiment 
Station used soy beans as green manure and found them 
to give equally as good results as cowpeas, as determined 
by following them with such crops as oats, wheat, corn or 
cotton. With corn after cow pea stubble the same results 
were secured as after soy bean stubble, while soy bean vines 
turned under gave better results on the succeeding corn crop 
than did the cowpea vines. With oats, however, the results 
were slightly in favor of the cowpeas.
 “Soy beans are very well adapted to short rotations 
taking either the entire season for their growth or in case of 
the early maturing varieties requiring but a part of a season 
following some small grain crop. In Tennessee and North 
Carolina the soy bean may be grown between two regular 
wheat crops without the loss of the land for a season. In 
other parts of the South it may be grown between oat crops, 
especially if the early varieties are used.
 “The soy bean is an annual crop, with an erect habit of 
growth. The seed is usually best planted in rows 30 to 36 
inches apart so that they can be cultivated. The plants should 
be about two inches apart in the row and when seeded thus 
a bushel of seed will plant between two and three acres. If 
sown broadcast a bushel per acre of seed is required. The 
seed may be sown at any time after the soil has become well 
warmed in the spring. The seed should be planted about an 
inch deep and never more than two inches in depth even on 
sandy soil. The special advantage of the soy beans is their 
marked ability to add nitrogen to the soil together with the 
short period of time necessary for their maturity.”
 Note: Soy is not mentioned in the original 1876 edition. 
Address: M.D., Wilmington, Delaware.

350. Hartwell, Burt L.; Pember, F.R. 1912. The gain in 
nitrogen during a fi ve-year pot experiment with different 
legumes. Proceedings of the Society for the Promotion of 
Agricultural Science 32:43-46. For the year 1911. Held 13-
14 Nov. 1911 at Columbus, Ohio.
• Summary: Soy beans and adzuki beans were among the 
legumes tested. No nitrogenous manures were used during 
the 5 years, beginning in 1906, but optimum amounts of 
other nutrients were supplied. The soy bean added the 
equivalent of 1,844 lb/acre of nitrogen to the soil. This 
nitrogen is worth $0.16 per lb. 70% of this nitrogen is 

removed when the plants are harvested; the rest is left in the 
soil. Address: Rhode Island Experiment Station.

351. Henderson (Peter) & Co. 1912. Henderson’s farmers 
manual (Mail-order catalog). New York, NY: Printed by John 
C. Rankin Co. 48 p.
• Summary: Page 34, which is devoted to Soy Beans, is 
very similar to the same page in the 1910 edition of this 
catalog. However the illustration in the lower right corner 
of the photograph has been replaced by a somewhat larger 
photo showing the nodules on the roots of a soybean plant. 
The text, to the right of the photo reads: “Note the nitrogen 
gathering nodules on these Soja Bean roots. Like other 
leguminous plants the Soja Bean has the power of drawing 
nitrogen from the air, and storing it in nodules on its roots.
 “Think of the enormous fertilizing power that the 
untold millions of those nodules underlying a crop of soja 
beans–impart to the land.” “Price, 15c. lb.; $1.75 peck; $5.00 
bushel, 60 lbs.; 10-bushel lots, $4.80 per bushel.”
 Across the bottom of the page is written: “Henderson’s 
Superior Seeds are procurable only from us direct–we do not 
supply through Dealers.”
 This catalog contains many interesting photos. Inside 
the front cover, eight photos show: (1) The company’s seed 
cleaning plant and warehouses A, B, and C on Garfi eld 
Avenue, Jersey City, New Jersey. Capacity 750,000 bushels. 
About seven carts with drivers, each drawn by two horses, 
are shown. (2) “A fl oor in the Order Department for Farm 
Seeds.” Many men and moving many sacks. (3) “Mixing 
grass seeds for permanent pasture.” Men with shovels mix 
the seeds piled on the fl oor. (4) The front of the company’s 
4-story store at 35 & 37 Cortland St, New York. (5) Men 
standing next to barrels of potatoes. “Our Potato Cellars 
occupy the basement of our Warehouses, Garfi eld Ave., 
Jersey City, N.J.” (6) Some of our modern Seed-Cleaning 
Machines. (7-8) Women seated, “hand-picking peas and 
beans after they have been through the Machines.”
 On the back cover is a color photograph of 14 different 
types of seeds, each in its own circle, including Soja Beans.
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
35 and 37 Cortland St., New York, New York.

352. Imperial Commissioner of Agriculture for the West 
Indies (Barbados). 1912. Report on the Botanic Station, 
Dominica. Reports on the Botanic Station, Experiment Plots, 
and Agricultural School, Dominica. p. 1-32. For the year 
ended March 31, 1911.
• Summary: The subsection titled “Soy beans” states (p. 
5): “A quantity of seed of the soy bean (Glycine hispida), 
received in 1909 from the Commissioner of Agriculture, 
and which was distributed to planters for trial has not been 
a success, according to enquiries made; in no case was this 
valuable plant successfully established. In a bed of soy 
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beans sown at the Station, the plants only grew to a height 
of 6 to 7 inches. They then fl owered and seeded. The seed 
thus obtained was again planted in the same bed but with no 
better results. Three subsequent sowings with fresh seeds 
were also unsuccessful. Examination of the roots of the 
plants failed to show the presence of nodules, and the failure 
must be attributed to the absence of the particular organism 
in the Dominica soils.”
 Note: This document contains the earliest date seen 
for soybeans in Dominica, or the cultivation of soybeans 
in Dominica (1909). The source of these soybeans was the 
British Commissioner of Agriculture, Barbados.

353. Imperial Commissioner of Agriculture for the West 
Indies (Barbados). 1912. Report on the Botanic Station, 
Montserrat. Reports on the Botanic Station and Experiment 
Plots, Montserrat. p. 1-22. For the year ended March 31, 
1911.
• Summary: In the section titled “Experimental plots” 
(p. 2-18), under “Grove Station (p. 10-16), and further 
under “Notes on recently introduced plants” (p. 15-16), a 
subsection titled “Soy bean (Glycine hispida)” states (p. 
15): “Seeds of the soy bean were received from Antigua in 
January 1910, and since then three generations have been 
grown on the same plot of land. The growth in the fi rst 
generation was very poor, and the plants developed seed 
pods when they were a few inches in height. Similar results 
have been obtained with the succeeding trials and it cannot 
be said that there has been any improvement in growth 
through acclimatization or in the increase of the bacteria 
which are symbiotic in the roots. In fact, plants of the third 
generation carefully dug up when they had reached their 
maximum development showed extremely few nodules (two 
only were found on ten plants examined).”
 Note 1. The label on the spine of the bound volume at 
the National Agricultural Library (USA) is: “Report of the 
Agricultural Department–Montserrat–[1900/01 to 1915/16”].
 Note 2. Montserrat is an island in the British West Indies 
in the Leeward Antilles, southwest of Antigua. Capitol: 
Plymouth. Area: 40 sq. miles. Population: 11,600.
 Note 3. This is the earliest document seen (Dec. 
2008) concerning soybeans in Montserrat or other British 
Dependent Territories in the Caribbean, or the cultivation 
of soybeans in Montserrat or other British Dependent 
Territories in the Caribbean. This document contains the 
earliest date seen for soybeans in Montserrat (Jan. 1910) 
or other British Dependent Territories in the Caribbean, or 
the cultivation of soybeans in Montserrat or other British 
Dependent Territories in the Caribbean (1912 or before). The 
source of these soybeans was Antigua.

354. Ingalls, Walter Fitch. 1912. Soy beans. Cooperstown, 
New York: Arthur H. Crist Co. 36 p. 19 cm.
• Summary: Contents: Preface. 1. Description of soy bean. 

2. Inoculation. 3. How the soy bean came to be grown on our 
farm. 4. Soils. 5. Planting and cultivation. 6. Advantages of 
raising soy beans with corn. 7. The experiences of a few of 
the farmers who raise soy beans. 8. Summary.
 “The soy bean is one of the most prolifi c of growers 
bearing large quantities of seed pods; the medium green bean 
has been known to have one hundred pods on one plant” (p. 
8).
 Why did the author start growing soy beans? “After 
farming for a number of years, buying grain for the dairy in 
large quantities... I began thinking there should be something 
which the farmers could raise which would balance the corn, 
thus giving a more nearly balanced food, and so save buying 
the concentrated feeds, bran, gluten, oil-meal, and cotton-
seed meal” (p. 15).
 In 1898 he fi rst grew soy beans. He experimental with 
various crops, “but without marked success, and fi nally tried 
the early green soy bean raised alone, and fed them green in 
the fall, with the corn, probably fed about half a ton.
 “While feeding them, the cows gained in milk and when 
I stopped feeding them, there was a decrease in the fl ow of 
milk.
 This was in 1898; the next year I raised about an acre of 
the soy beans separate, which were mixed with the corn as 
the silo was fi lled, and about an acre planted in the hill with 
the corn” (p. 16).
 “After experimenting for a number of years, I fi nally 
adopted the manner of raising the soy bean which I still 
use, namely that of planting the beans in the fi eld with the 
ensilage corn, cutting, and putting them all, corn and beans, 
in the silo together” (p. 17).
 “We have tried several different varieties of soy beans, 
with varying success; The early black mature before the 
corn, and do not make a large growth. The medium green 
matures in this climate at the same time as the corn, so we 
have used this variety more than any other, and always with 
good success” (p. 24).
 Photos on unnumbered pages show: (1) A man standing 
in a fi eld of corn and soy bean plants (taken August 5). (2) 
A man standing by rows of soy bean and corn plants (taken 
Sept. 20); the soybeans grow almost as tall as a man, while 
the corn grown much higher.
 Note: This is the earliest English-language book seen 
(Aug. 2001) about soybeans, i.e. with the word “Soy” (or any 
of its cognates) in the title. It is also the fi rst book published 
in the USA describing how to grow soybeans. Address: 
Hamilton, New York.

355. Johnson Seed Co. 1912. Garden & farm manual (Mail-
order catalog). Philadelphia, Pennsylvania. 96 p. 26 cm.
• Summary: In the section titled “Fodder and Soiling Plants” 
is a subsection (p. 58) titled “Soja or Japanese Soy Bean” 
which states: “The demand for the Soja Beans has grown 
remarkably of late years. Their great value is as a forage 
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crop, for fertilizing the soil and for pasturing or feeding the 
green fodder much in the same way as the cow pea. New 
Early Soja will mature in the far North. Mammoth Yellow 
Soja, matures south of the Potomac and Ohio Rivers. Each, 
per pkt, 10c.; lb., 25c; 3 lbs., 60c., postpaid; by freight or 
express, qt., 20c; peck, 90c. Write for prices by the bushel.” 
Also on this page are cow peas (the great soil improver–
Make poor land rich, good land more productive, and enrich 
the soil), Canada fi eld peas, sand or winter vetch, early 
amber sugar cane, and true dwarf Essex rape.
 This catalog is owned by the National Agricultural 
Library, Special Collections, in Beltsville, Maryland. 
Address: 217 Market St., Philadelphia, Pennsylvania.

356. Nitragin Co. (The). 1912. Nitrogen made on the farm. 
Milwaukee, Wisconsin. 12 p. [1 ref]
• Summary: Nobbe and Hiltner registered the name 
Nitragene (pronounced NAI-tra-gene) all over the world as 
a trademark. It was registered in the United States Dec. 6, 
1898, as No. 32,212. Initially Nitragin was sold mostly in 
Europe. It “was not for a few years marketed in the United 
States and Canada, but these governments undertook the 
introduction of the pure culture method of soil inoculation 
on their own account, in order to encourage this safer, easier, 
and more practical method. The United States Department 
of Agriculture distributed these organisms in the dry or 
dormant form on bits of cotton. Thus practically the whole 
world accepted, endorsed and adopted the Nobbe-Hiltner 
inoculation method. However many disappointments 
followed these early experiments... The cultures sent out 
by the USDA were found practically useless.” There were 
basic problems with the original product and many farmers 
lost confi dence in artifi cial cultures. Then the so-called “new 
Nitragin” was introduced to America in about 1909 by the 
German-American Nitragin Co. of Milwaukee, Wisconsin, 
under the direct supervision of Dr. M.O. Reiche, soil expert, 
bacteriologist, and former student and assistant to Dr. 
Hiltner. The new product was more effective. Photos show: 
“Healthy roots of beans showing germ clusters or ‘nodules.’” 
Roots of sickly bean plants. Soy is not mentioned. Address: 
Milwaukee, Wisconsin.

357. Philippine Agriculturist and Forester. 1912. Current 
literature. 2(4-6):103-04. [2 ref. Eng]
• Summary: Contains a summary of two documents 
concerning soybeans grown in Mauritius. (1) Sornay, P. de. 
1910. “Étude sur les légumineuses [Study on legumes”]. Ile 
Maurice (Mauritius), Station Agronomique, Bulletin No. 24. 
122 p. See p. 44, 88. This summary states: “It is of interest 
to note that in spite of a number of failures the Director of 
the station remains of the opinion that the Soy bean is a plant 
of great promise for culture under the tropical conditions 
existing in Mauritius. The failures are ascribed most 
frequently to the absence of the proper bacteria in the soil, or 

in individual cases to attacks by various pests. Planting from 
December to March, a satisfactory crop of mature seed has 
been harvested in two and one-half to three months.”
 (2) Boname, P. 1912. “Soja [Soybeans”]. Ile Maurice 
(Mauritius), Station Agronomique, Rapport Annuel For 
the year 1911. p. 22-23. Also titled Bulletin No. 26. This 
summary states: “The annual report for 1911,... shows that 
the hopes entertained in the matter of Soy beans have not 
been realized. Responsibility for this failure is laid chiefl y 
to typhoons. The work is being kept up, and it is hoped that 
by means of selection from a large number of varieties, one 
will be found which is suffi ciently resistant and vigorous. 
Like many other legumes, native and introduced, the Soja is 
subject to destruction by the bean fl y (Agromyza).” Address: 
Philippines.

358. Whiting, Albert Lemuel. 1912. A biochemical study 
of nitrogen in certain legumes. PhD thesis, University of 
Illinois. 542 p.
• Summary: Soybeans are mentioned on at least 45 pages 
in this thesis. A summary of this PhD thesis was published 
in 1915 as: Whiting, Albert L. 1915. “A biochemical 
study of nitrogen in certain legumes.” Illinois Agricultural 
Experiment Station, Bulletin No. 179. p. 467-542. March. 
Soybeans are discussed numerous times.
 Note: This is the earliest document seen (Oct. 2018) 
concerning Albert Lemuel Whiting, who later founded 
Urbana Laboratories (a maker of inoculant for soybeans, 
founded in 1919). Whiting earned his B.S. degree at 
Massachusetts Agricultural College, 1908, and his M.S. 
at Rhode Island State College, 1910. Address: Champaign 
County, Illinois.

359. Wing Seed Co. 1912. Alfalfa: And how to grow it. A 
treatise about this valuable clover together with a list of 
sundry other fi ne forage plants, corn, vegetables and fl ower 
seeds of quality (Mail order catalog). Mechanicsburg, Ohio. 
64 p. Illust. Index. 23 cm.
• Summary: This is actually The Wing Seed Company’s mail 
order catalog. The back cover is fi lled with a black-and-white 
photo of a man standing in a huge, well manicured fi eld of 
“Wing’s Mikado Soys” growing in rows. On the back of the 
title page are: Guarantee of seed quality, prices, shipments, 
and important suggestions for ordering. The Introduction 
(p. 3) begins: “The most important question before the 
American people is neither the tariff, the trusts, nor the 
eight-hour day. It is the problem of supplying today ninety 
millions of people with food, and doing it in such a manner 
that the next year we can supply still a greater number from 
the same acreage under cultivation... and fi nally leaving the 
soil considerably richer than it is today... Briefl y it depends 
upon lime, phosphorus, potash, and nitrogen. The fi rst three 
we can buy if necessary, but nitrogen is so costly that it is 
extremely diffi cult to purchase it, apply it to our soils, and 
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show a fi nancial gain from so doing, even when we secure 
fairly good prices. The greatest source of nitrogen is the air, 
and our common legumes transfer it through the bacteria on 
their roots to the soil; thus it becomes apparent that the key 
to successful agriculture is legumes.”
 For twenty years this fi rm has been in constant study of 
all sorts of leguminous crops... we believe that today no other 
fi rm of seedsmen in the United States is as well qualifi ed 
to serve their customers along this great line of leguminous 
plants as we are.”
 The fi rst long section (p. 4-14), titled “Alfalfa or 
lucerne,” gives details on all aspects of growing this crop. 
It begins: “Legumes are the only plant foods which actually 
add plant food to the soil; they thus rank of the greatest 
importance, and permanent agriculture depends vitally upon 
their use.” “On impoverished soils, we would recommend 
preparation for Alfalfa one or two years in advance, growing 
such crops as Crimson Clover, Mammoth Clover, Melilotus 
[Sweet Clover], Cow Peas, Canada Field Peas, or Soja 
Beans, and preferably turning them under or else pasturing 
them off, so as to give the soil the greatest benefi t possible 
from them.” “Time of Seeding (p. 5)–On Woodland Farm, 
for many years, it has been our custom to sow Alfalfa at oat-
seeding time, about the fi rst week of April, using Beardless 
Spring Barley as a nurse crop.”
 After a section on corn (p. 15-20) comes a longer section 
titled “Soy beans.” Its contents: Introduction. Usefulness 
of soy beans. Time of planting and cultivation. Inoculation. 
Harvesting for grain. Making soy bean hay. Varieties: 
Wing’s Mikado (will yield 30 bushels/acre under favorable 
conditions), Wing’s Mongol (secured in 1908), Wing’s Sable 
(secured in 1908), Wing’s Extra Select Sable, Jet, Peking, 
Wing’s Extra Select Peking, Wilson (excellent for forage), 
Ito San (Especially adapted to latitude 41½ degrees, or north 
of that), Mammoth (will rarely mature seed north of the Ohio 
River), a stray soy bean.
 The section on soy beans begins (p. 21): “Three years 
ago [ca. 1909] we ventured the assertion that Soy Beans were 
one of the coming crops. We are much more certain now 
than we were then.” The introduction to the varieties states 
(p. 27): “We believe that we are the largest retailers of soy 
beans in the United States. Possibly we retail as many as all 
the rest of the dealers put together. We believe, also, that we 
are spending more money to test varieties of these soy beans 
to ascertain which are the good ones, and to perfect them, by 
plant row breeding and selection, than any other fi rm in the 
United States.” The varieties whose names start with “Wing” 
“are our own, obtainable only directly from us. We have no 
agent, and no other seedsmen have them.” The photos in 
this issue (which are very similar to those in the 1911 issue) 
show: (1) Two children (about ages 3 and 6) inspecting the 
soy bean test plots. (2) A boy standing in “A fi eld of Peking 
soy beans just ripening. This looks like 30 bushels per 
acre.” (3) Large, individual photos of uprooted plants of the 

following soy bean varieties bearing pods: Wing’s Mikado (2 
photos on different pages), Ito San, Wing’s Sable (2), Wing’s 
Mongol, Wilson, Peking, and Jet (p. 23-30). Two children 
seated (one in a big straw hat) in front of a fi eld of soybeans 
(inside back cover).
 The “Index and table of quantities required per acre; 
Also weight per bushel” (p. 64) states that a bushel of 
“Beans, Soy” weighs 60 lb. If sowing alone, plant ¼ to 3 bu/
acre.
 A typewritten note, stapled to the title page, was written 
in 1993 by William Wing of Pella, Iowa, for a Wing family 
reunion, at which he displayed the booklet. The note states: 
“The Wing Seed Co. of Mechanicsburg, Ohio, founded 
by Joseph (Alfalfa Joe) Wing and his brothers Willis and 
Charles, after many years of prosperous operation, went 
bankrupt during the Great Depression [1929 to early 1940s]. 
The buildings were sold to the Scott Seed Co. [now named 
Scotts Co. Phone: 937-644-0011] in Marysville, Ohio, distant 
about 30 miles from Mechanicsburg. The buildings are still 
used for storage by Scott.” Address: Mechanicsburg, Ohio.

360. Burtt-Davy, Joseph. 1913. The preservation and use of 
maize for stock feed (continued from page 853). Agricultural 
J. of the Union of South Africa 5(1):75-88. Jan.
• Summary: Page 76: “Ingle recommends not the reduction 
of the amount of mielies [maize], but the substitution for a 
portion of the oat-hay of some foodstuff with a ‘narrower’ 
albuminoid ratio, i.e. of some product richer in nitrogenous 
material, such as teff-grass hay, lucerne hay, velvet-bean hay, 
maize forage, maize stover, soybeans, peas, beans, peanut 
hay, or the various oilcakes.”
 A table (p. 77) gives Inglett’s “Nutritive Ratio” 
(albuminoid ratio) for various crops: Soybeans are 1 to 2.0. 
Peanut cake is 1 to 0.9.
 Page 77: “Mixtures to Increase the Feeding Value of 
Maize Silage: To give more ‘balance’ to the ration of maize 
silage some nitrogenous material should be added. Where 
concentrated foodstuffs, such as linseed meal, peanut meal 
or soybean cake are cheap, they can be added to the daily 
ration of silage. But many farmers will probably fi nd it more 
economical to grow a leguminose crop which can be cut up 
and mixed with the maize in the silo. These include:...”
 Page 78: “Soybeans (Glycine hispida) can be used for 
silage, but the crop is too uncertain, at present, to be relied 
upon, and is less satisfactory than either velvet beans or 
cowpeas.”

361. Parsons, Adrian. 1913. Orders for inoculated soil. Near 
Plainfi eld, Indiana. 5 p. Unpublished manuscript.
• Summary: This is a list of customers to whom Adrian sold 
soil to be used for inoculating soybeans. The list appears in 
an old ledger that Adrian used for keeping various records 
over the years. The earliest orders appear on an unnumbered 
page near the front of the book dated 1913, with the 
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handwritten title “Orders for inoculated soil.” Four orders 
are listed, from Kentucky, Illinois (500 lbs. of soil for $3.75), 
Pennsylvania (600 lbs. for $4.50), and Michigan (300 lbs. 
for $2.25). With each order is given: Name and address of 
person ordering, number of pounds ordered, amount paid, 
and sometimes the shipping point or name of the railroad to 
be used in shipping.
 The next set of orders, starting 14 Feb. 1914, is 
recorded in a much more orderly way. Each is dated and 
in sequence. They appear near the back of the ledger on 
the following pages: 159, 158, 157, 156, 154. Clearly, he 
moved from the back toward the front of the ledger as he 
recorded these orders. Most of them probably came to him 
via an announcement that fi rst appeared in 1914 in the Wing 
Seed Company catalog (see p. 21); the same announcement 
appeared in the 1915 catalog (p. 17).
 As the announcements state, Adrian sold this soil, which 
was rich in the bacteria needed to inoculate soybeans, for 
$0.75 per 100 lbs.–including shipping. Each entry in the 
ledger gives, in its own column: Date the order was received. 
Name and address of person ordering, number of pounds 
ordered, and sometimes the name of the railroad to be used 
in shipping. Amount paid. Date soil was shipped.
 A tally of the states from which the 42 orders were 
received in 1914 shows (in descending order by number): 
Indiana 16, Ohio 13, Illinois 7, Michigan 3, Georgia 1, 
Kentucky 1, and West Virginia 1. The last recorded order was 
received on June 9. The typical order was 100 or 200 lbs., 
but some customers order up to 1,200 lbs.
 Note 1. As of Aug. 2000 this ledger is in the possession 
of Adrian’s granddaughter, Virginia Parsons Vapor, at 
Adrian’s homeplace near Plainfi eld, Indiana. Lee Parsons 
writes (Aug. 2000): “I have heard several of my relatives 
reminisce about how crazy they thought it was that people 
literally lined up at Adrian’s farmstead to haul away a little 
dirt.”
 Note 2. Taylor Fouts also used to sell inoculating soil. 
One of his relatives recalled in 1999: “He always said he was 
selling his farm by the pint.”
 Talk with Lee Parsons of Indiana. 2000. Oct. 11. Adrian 
Parsons got his fi rst inoculated soil from, Manhattan, Kansas 
(see Prairie Farmer. 1928. Aug. 25. “Indiana’s Pioneer 
Soybeaner”). He was selling his inoculated soil before he 
developed the Mikado soybean, which was in 1905. He tried 
to convince local farmers that inoculation was important for 
soybeans, but almost everybody thought his idea was crazy. 
His house was at the end of a long lane. Farmers would line 
up in their buck wagons along that lane waiting to get their 
sacks and bushels of soil. He had many local customers from 
Indiana. Address: Near Plainfi eld, Indiana.

362. Wiancko, Alfred T. 1913. Cow peas and soy beans. 
Revised ed. Purdue University Agricultural Extension 
Bulletin No. 2. 8 p. March.

• Summary: Contents: Introduction. Soil adaptation. Soil 
preparation. Inoculation. When and how to sow cowpeas 
and soy beans. Harvesting and threshing (for hay, for seed). 
Varieties for Indiana.
 This Bulletin begins: “Cowpeas and soy beans are 
leguminous crops which are rapidly gaining favor in 
Indiana agriculture. Farmers all over the state are becoming 
interested in them and are learning their great value as grain 
and forage crops and for the improvement of soil fertility. 
Their power to gather nitrogen from the air, the large amount 
of organic matter they are capable of producing, and their 
benefi cial effect upon the tilth of clay soils are qualities 
which commend them in the highest degree, to say nothing 
of their value as feeding stuffs.
 “On most Indiana soils the cowpea is primarily a forage 
crop, while the soy bean will generally give best results 
as a grain crop. Both are excellent as cover crops or green 
manures for plowing under, providing large amounts of 
organic matter rich in nitrogen. Of the two, the cowpea is 
perhaps to be preferred for the latter purpose, but that point is 
not settled. Of similar sized varieties, sometimes one will do 
better and sometimes the other, according to soil adaptation, 
degree of inoculation, etc.”
 “Inoculation (p. 4): In most cases in Indiana where 
cowpeas or soy beans are grown for the fi rst time the 
soil will need to be inoculated from an outside source. In 
southern Indiana generally, and in some northern portions 
where the cow pea has been grown somewhere in the 
neighborhood for many years, the bacteria are pretty well 
distributed over all fi elds and inoculation is not necessary. 
Pure cultures may be used, but as they so often fail, it is 
much safer and generally cheaper to use soil from a fi eld 
where the particular crop has been grown successfully. Each 
crop has its own particular variety of bacteria and one will 
not do for both.
 “From a gallon of soil specially rich in the desired 
bacteria mixed in and drilled with every bushel of seed 
to a few hundred pounds per acre scattered broadcast and 
immediately harrowed in when preparing the seed-bed may 
be used and can be easily applied. When once properly 
inoculated, soil from this fi eld may be used for the rest of, 
the farm.
 “Where the success of these crops is seriously in doubt, 
it is a good plan to sow and thoroughly inoculate small test 
plats which will later provide soil for inoculating larger 
fi elds.”
 “Varieties for Indiana (p. 7): There is great variation in 
the time of maturity among varieties of both soy beans and 
cowpeas. Large numbers of varieties (over 200 of soy beans) 
have been tested in this state, some ripening inside of three 
months, while others were still grass green when destroyed 
by frost. It is very important, therefore, to give careful 
attention to the selection of varieties.”
 Page 8: The following varieties of soy beans may be 
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recommended:
 “Northern Indiana:–Ito San, Early Brown, Black Beauty.
 “Central and Southern Indiana:–Hollybrook, Ito San, 
Early Brown, Sable, Mikado.
 Where to get seed–Soy beans [all in Indiana]:
 “Taylor Fouts, Camden.
 “Isaac A. Smith, Warren.
 “C.L. Meharry, Attica.
 “W.R. Butler, Kokomo.
 “Troyer Bros., Losantville.
 “F.W. Greenwell, Jr., Huntertown.
 “A.H. Hadley, Monrovia.
 “R.G. East, Worthington.
 “A.B. Talmage, Wabash.”
 Footnote: “Farmers are cautioned to examine samples 
of the seed before purchasing. The names and addresses are 
given for the convenience of farmers and the Station should 
not be held responsible for the quality of the seed.”
 Note: This is the earliest document seen (July 2013) that 
mentions the soybean variety Mikado. Address: Dep. of Soils 
and Crops, Purdue Univ. Experiment Station.

363. Northern Territory Times and Gazette (Darwin, NT, 
Australia). 1913. The farm: Reclaiming lost nitrogen. The 
basis of good farming. April 3. p. 6.
• Summary: “(By H. Alexander Shaw, in the ‘N.Z. Farmer.’ 
[New Zealand Farmer]) -
 “Nitrogen-fi xing bacteria are very widely distributed 
in nature, as they are present in almost all soils containing 
suffi cient organic matter (humus). It has been frequently 
demonstrated that soil inoculated with the above bacteria 
is capable of producing a better leguminous crop than soil 
untreated. Recent researches, however, tend to show that 
there are different varieties of the tubercle bacteria, and 
that to obtain the best results the farmer must inoculate his 
soil with the organisms which have been isolated from the 
same species of plant. For example, Conn states: The soil 
of Connecticut is not adapted to the legume called the Soya 
Bean.”
 There follows a long summary of the book: Conn, 
Herbert William. 1901. Agricultural Bacteriology: A Study 
of the Relation of Bacteria to Agriculture, with Special 
Reference to the Bacteria in the Soil,... The “Soya Bean” is 
mentioned eight times in the summary, which emphasizes: 
“In growing a Soya Bean crop, he [the farmer] must 
inoculate his soil with Soya Bean tubercle bacteria, and not 
with bacteria from another leguminous plant.”
 Note: This is the earliest document seen (Oct. 2009) 
concerning soya beans in Australia’s Northern Territory.

364. Kellerman, Karl F. 1913. Testing cultures of nodule-
forming bacteria. USDA Bureau of Plant Industry, Circular 
No. 120-A. p. 3-5. April 5. [2 ref]
• Summary: “The importance of leguminous crops in 

maintaining soil fertility or in rejuvenating overcropped 
and worn-out fi elds has long been recognized by practical 
farmers.”
 “Although these nodule-forming bacteria are widely 
distributed in nature, there are regions where they are 
lacking, and they should be artifi cially introduced into the 
soil in these regions.”
 “Variation in Inoculating Power: A plausible explanation 
for the occasional failure of cultures of Bacillus radicicola 
to properly inoculate a crop is that the bacteria, though able 
to grow vigorously in the culture medium, have actually 
deteriorated in the essential quality of being able to infect 
the leguminous roots and to produce nodules.” Soy is 
not mentioned. Address: Physiologist in Charge of Soil-
Bacteriology and Plant Nutrition Investigations, Bureau of 
Plant Industry, USDA.

365. Northern Territory Times and Gazette (Darwin, NT, 
Australia). 1913. The farm: The soya bean. Remarkable 
results recorded. April 24. p. 3.
• Summary: A good overview of world developments. 
Contents: Introduction. The trade in [soya] beans 
(worldwide). Use as a stock food. As a restorative crop. 
Trials in Australia (at Queensland and Victoria). Illustrations 
(line drawings) show: (1) A soya bean plant (above ground 
portion). (2) The root system of a soya bean plant, showing 
root nodules that fi x nitrogen in the soil from the air.
 The article begins: “The extraordinary increase in the 
Soya bean trade during the past few years is one reason why 
this crop should be thoroughly tested. An other reason is that 
the Soya bean has been proved to be a staple legume and a 
restorative crop for profi table growth in rotation with maize” 
(?).
 The section titled “Trials in Australia” states: “The soya 
bean has been hailed as one of Australia’s coming crops. 
From experiments made ‘wonderful results in Queensland’ 
and ‘encouraging tests in Victoria’ are reported. In Victoria 
30 lbs. of seed to the acre was used, and at Cheltenham 
up wards of 13½ tons of green soy fodder per acre was 
obtained, and 10 tons per acre at Ballarat. Special sowings 
were made at Cheltenham on 10th October, and were cut 
for green fodder on 27th February. The following yields 
were obtained:” A table shows the yield per acre from four 
varieties.
 “Ito San (yellow): 12 tons, 3 cwt, 54 lbs.
 “Baird (brown): 12 tons, 10 cwt, 10 lbs.
 “Brownie (brown): 11 tons, 6 cwt, 92 lbs.
 “Ito San (yellow): 11 tons, 6 cwt, 96 lbs.”

366. Agricultural J. of the Union of South Africa. 1913. 
Soybeans for ensilage. 5(4):625. April.
• Summary: “In one of his articles on ‘The Preservation and 
Use of Maize for Stock Feed,’ which are running through 
these pages, Mr. Burtt-Davy remarks: ‘Soybeans can be 
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used for silage, but the crop is too uncertain, at present, to 
be relied upon, and is less satisfactory than either velvet 
beans or cowpeas.’ Mr. Bruce Hutchinson, of Sandbaken, 
Transvaal, has written to Mr. Burtt-Davy asking in what 
particular he considers the soybean unsatisfactory–whether 
it is because of their not growing well, or because their 
feeding value is not considered to be equal to other crops. 
Mr. Hutchinson also asks what value Mr. Burtt-Davy places 
on soybeans as a nitrogen collector (to be ploughed in as a 
green crop). Mr. Burtt-Davy’s reply is as follows:–’The only 
reason in my mind why soybeans may be unsatisfactory 
for silage are: (1) In some localities and in certain seasons 
the germination has been very poor, while in other places 
and in other seasons it has been good. This renders the crop 
‘uncertain,’ at least at present. When we are able to obtain 
more local seed, I think the crop will be better and more 
certain. (2) The relative weight of material is usually low as 
compared with that of cowpeas, hyacinth beans, or velvet 
beans; if one is growing primarily for silage the total weight 
of the leguminose crop is a consideration. But in places 
where the soybean does well, and where the crop is grown 
for the seed as well, there is nothing against it for the silage 
pit. It is a good nitrogen collector.’”

367. Agricultural J. of the Union of South Africa. 1913. Soy 
beans. 6(1):126-27. July.
• Summary: “The Trades Commissioner in London has 
received the following note from the Secretary of the Seed 
Oil and Cake Trade Association of Liverpool: Substantially, 
all the beans treated in Germany are relieved of their oil by 
the extraction system, which gives better results than the 
crushing method. The nature of soy beans is such that, under 
pressure, the cake adheres to the press cloth, and these, in 
turn, to the press boxes, so that the ordinary crushing process 
is a very slow one. One Hamburg manufacturer found by 
experience that he could make 110 pressings of cotton seed 
in the same time as it took to make 80 pressings of soy 
beans. While linseed prices ranged abnormally high, quite 
a number of German manufacturers began to crush beans, 
the oil of which they readily disposed of as a substitute for 
linseed oil. This business proved to be profi table, although 
the manufacturers concerned were not specially prepared 
for handling this raw material. It now seems that mills in 
which it is proposed to handle soy beans regularly are doing 
so according to the extraction process, using 0.77 gasoline 
as a solvent. There are numerous methods of applying the 
solvent, but the differences are in respect of the details, and 
the main principles are generally known in manufacturing 
circles on both sides of the Atlantic. One of the interesting 
peculiarities of the extraction of soy oil through solvents 
is that the residue is superior to cakes obtained through 
pressing. This residue, known in Germany as “schrot,” 
is without the odour of gasoline, and is said to be quite 
free from laxative substances. Normally, the beans act as 

a laxative when fed to cattle in the form of pressed cake, 
and the great objection to the old-fashioned type of soy-
bean cakes was their laxative properties. The elimination 
of these qualities through the solvent process is highly 
important. However, under any circumstances, soy-bean 
meal must be fed with care and in combination with other 
feeds. Mr. H. Oberlieu, of Magdeburg, is endeavouring 
to establish a company to be called the Deutsche Soja-
Pfl anzungsgesellschaft, with a capital of 1,000.000 marks 
in 1000 shares, for the purpose of cultivating the soy bean 
in Germany on a large scale, his fi eld experiments having 
demonstrated that the climate is suitable and that the beans 
yield 15.4 per cent. of oil. The value of soy bean oil is, 
say, £24 per ton. The South African average oil content in 
soy beans is 20 per cent., so that the money value of oil 
quantity expressed from one ton of South African soy beans 
is worth £8 per ton more than the German, and, possibly, 
Manchurian.”
 Note: This subsection is in a section titled “Rural Notes” 
(p. 115+)

368. Morse, W.J. 1913. Re: Soy bean roots and nodules 
from Monetta, South Carolina. Letter to Prof. C.V. Piper, 
Washington, DC, Aug. 28. 1 p. Handwritten, with signature 
on letterhead.
• Summary: Morse is writing from Augusta, Georgia. 
“Dear Prof. Piper: I sent you to-day from Monetta, South 
Carolina, a number of samples of soy bean roots. These roots 
show about the best nodules I ever saw on the soy bean. 
The varieties of soy beans at Monetta are most promising, 
ranging anywhere from 3 to 6 feet in height. Not only 
have they made an enormous growth but will also give an 
excellent seed yield.
 “The station at Raleigh, N.C. [North Carolina] has a 
very good test of Lyon x Yokohama [velvet bean] hybrids. If 
you happen in that vicinity it will pay you to visit them. Very 
truly yours,...”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., March 2012. Address: Forage-Crop Investigations, 
Bureau of Plant Industry, USDA, Washington, DC.

369. Jenkins, E.H. 1913. Soy beans. Connecticut 
Agricultural Experiment Station, Bulletin No. 179. 13 p. Oct.
• Summary: Contents: Introduction. The soy bean plant. 
Composition of the crop (green forage, soy bean seed vs. 
cotton seed meal and linseed meal (O.P. [Old Process]); a 
table (p. 5) compares composition and digestibility of soy 
beans with that of fi ve other crops). Yield (reported in New 
Jersey, Delaware, and Massachusetts). Possible uses in 
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Connecticut: Catch crop, silage, hay, green manure, for seed. 
Varieties: Medium Green, Medium Yellow, Early White, Ito 
San, Wilson. As to planting: Inoculation, rate of seeding, 
fertilizers. Our own experience.
 “This bulletin gives some facts about the crop and the 
uses which farmers may make of it, in the belief that it has 
a place among paying crops and should at least be tested 
carefully in Connecticut.”
 “Our own experience: Many years ago we planted soy 
beans, on very light, sandy soil of the Montowese plain, with 
a moderate amount of phosphate and potash and without 
inoculation. The beans grew about a foot high and were a 
failure. The next year on the same land they grew waist high 
and were very thrifty. No record of yields was kept. In 1910 
and 1911 they were grown on the Centerville farm in plots 
severally inoculated with various commercial inoculating 
cultures, none of which proved very effective, but the second 
year’s crop was larger than the fi rst’s, indicating a natural 
inoculation of the land. The variety was an early one yielding 
1,254 pounds of well dried seed, about 20.9 bushels per 
acre and 1,339 pounds of straw, or 64 pounds of straw to the 
bushel of grain. The analyses are given on p. 12. In 1912 soy 
beans were grown as a cover crop on the Mt. Carmel orchard 
(trees set two years). They were planted late, July 20th, and 
made unsatisfactory growth. In 1913 the Hollybrook soy 
bean was drilled in rows 26 inches apart on June 12th, where 
soys had grown the year before.”
 A table (p. 13) shows the composition of three soybean 
varieties grown at the station in 1913: “304,” Kentucky, 
and Hollybrook. The fi rst two were received from L.P. 
Nemzek of Gibbsboro, New Jersey. “304” is said to be Ito 
San previously grown in Kansas. “Kentucky” is a variety 
imported from Manchuria and successfully grown in 
Kentucky in 1912.
 Photos show: A man standing in a cover crop of soy 
beans about 40 inches high (p. 8). Large, abundant nodules 
containing nitrogen-gathering bacteria on the roots of a soy 
bean plant (p. 10). A man standing in a cover crop of soy 
beans next to a crop of buckwheat (p. 11).
 Note 1. This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety Kentucky.
 Note 2. This is the earliest agricultural experiment 
station publication seen (May 1996) that uses the word 
“soys” to refer to soy beans (p. 10-11). Address: PhD, 
Director of the Station and Treasurer, Board of Control, New 
Haven, Connecticut.

370. Mooers, Charles A. 1913. The rational improvement 
of Cumberland Plateau soils: Conclusions from six years 
of fi eld experiments with various farm crops. Tennessee 
Agricultural Experiment Station, Bulletin No. 101. p. 99-138. 
Oct. See p. 106-07, 109, 112-113.
• Summary: The Preface begins: “The Cumberland Plateau 
has a an area in Tennessee of about 5000 square miles. The 

average elevation is in the neighborhood of 1800 feet, or 
nearly 1000 feet above either the East Tennessee Valley on 
the east or the Highland Rim on the west. This section is 
practically undeveloped from an agricultural point of view, 
and lands are very cheap–$2.00 to $10.00 per acre.”
 The section titled “Cowpeas and soy beans” (p. 129-
30) begins: “Both cowpeas and soy beans are adapted to the 
Plateau and should be grown extensively.”
 Two photos (p. 107) show soy-bean hay after fertilizer 
experiments on the Lemmert Farm in Cumberland County. 
(1) The pile grown with phosphate and potash is much larger; 
it yielded 1.16 tons/acre of hay. The pile grown without 
fertilizer potash is small; it yielded only 0.46 tons/acre of 
hay. The pile grown with phosphate, potash and lime is even 
larger; it yielded 1.72 tons/acre of hay. The pile grown with 
lime alone is small; it yielded only 0.66 tons/acre of hay.
 Page 109 discusses legumes (including soy beans) as a 
source of nitrogen, and the importance of soil inoculation. 
Page 112 states that soy beans could be used in the second 
year of a 5-year rotation as an alternative to cowpeas.
 A photo (p. 138) shows a farmer holding a bunch of 
soy beans in a fi eld. The caption: “Soy-bean hay grown 
on ‘natural meadow.’ A rich-looking but sour soil, on 
which most crops fail.” Address: Chemist and Agronomist, 
Knoxville, Tennessee.

371. Imperial Commissioner of Agriculture for the West 
Indies (Barbados). 1913. Plant importations: Soy bean 
(Glycine hispida). Report of the Botanic Station, Montserrat. 
p. 1-23 p. For the year 1911-12. See p. 2. Summarized in the 
Bulletin of the Imperial Institute. 1913. 11(4):683.
• Summary: In the section titled “Plant Importations” we 
read: “Soy Bean (Glycine hispida). No success has attended 
the efforts to grow this bean. Five generations grown on the 
same piece of land have given similar results. The plants 
have never exceeded 6 or 8 inches in height and generally 
bear only about a dozen pods, before drying up altogether. 
In one instance, soil supposed to be inoculated with the 
soy bean strain of nitrogen-fi xing bacteria was sown with 
the beans, with no better result. This soil was sent by the 
Imperial Commissioner of Agriculture and came from a fi eld 
in Trinidad where the soy bean had shown some success.”
 Note: This is the earliest document seen (Dec. 2008) 
concerning soybeans in Trinidad and Tobago, or the 
cultivation of soybeans in Trinidad and Tobago. This 
document contains the earliest date seen for soybeans in 
Trinidad and Tobago, or the cultivation of soybeans in 
Trinidad and Tobago (probably 1912 or before). The source 
of these soybeans may have been the Imperial Commissioner 
of Agriculture for the West Indies (in Barbados).

372. Nitragin Co. (The). 1913. Nitragin, the salvation of the 
soil. Milwaukee, Wisconsin. 8 p.
• Summary: In 1886 Hellriegel, a German, found that clover, 
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peas, beans, in fact all plants that bear their seed in a capsule 
or pod, very often have little round bunches or knots growing 
on their roots. These plants are called legumes. Hellriegel 
further discovered that these tubercles or nodules were fi lled 
with millions of germs or bacteria, and that these bacteria 
feed the legume plants the nitrogen they need. He taught 
the world why it is that legumes enrich the soil. Nobbe and 
Hiltner developed a pure culture method of soil inoculation 
and named their product Nitragin. This trade-mark was 
registered in the United States on December 6, 1898, as No. 
32,212.
 “Last year (1912) in Germany alone, there were nearly a 
million acres of legumes inoculated with nitrogen-gathering 
‘Nitragin’ germs.” Address: Milwaukee, Wisconsin.

373. Smith, Howard R. 1913. Profi table stock feeding: a 
book for the farmer. 8th ed. St. Paul, Minnesota: Published 
by the author. xii + 420 p. Illust. 20 cm.
• Summary: From the title page: “Adopted as a Text in a 
large number of the Universities, Agricultural, Colleges 
and High Schools of the United States.” This book was 
copyrighted in 1905, and the date at the end of the Preface is 
“Lincoln, Nebraska, December 15, 1905.
 “Soy” is mentioned on pages viii, 55, 56, 68, 74, 77, 80, 
83, 84, 88, 187, 227, 267, 274, 275, 283, 295, 299, 300, 301, 
381, 384, 385, 386, 392, 395, 396, 399, 401, 409, 411, and 
412. “Soja” is mentioned on p. 399.
 The Preface by Smith states (p. viii): “The leguminous 
hay crops–alfalfa, cowpeas and soy beans–are new to many 
farmers of the United States, and the growth of one or more 
of these or the better known clover plant is so essential on 
farms devoted to stock feeding, it has been thought best to 
publish in the appendix something concerning the culture 
of the three fi rst mentioned. For the discussion of cowpea 
and soy bean growing the writer is indebted to Professor 
D.H. Otis, formerly of the Kansas Experiment Station, now 
connected with the Wisconsin Experiment Station.”
 In Part II, “Milk production,” Chapter 7, “Winter rations 
in the Corn Belt” states (p. 55-56): “The Legumes include 
a number of plants which have the power of drawing free 
nitrogen from the air and storing it in the roots of the plants. 
The four referred to in common use are alfalfa and clover 
in the North, and cowpeas and soy beans, more commonly 
grown in the South. On the roots of these plants are little 
tubercles, varying from the size of pinheads on clover and 
alfalfa to garden peas on the cowpea and soy bean. In these 
tubercles are living organisms extremely minute which, in 
some way not well understood, absorb air from the pores in 
the soil, converting the nitrogen therefrom into compounds 
available for plant growth. It is this power of absorbing 
nitrogen which makes these legumes rich in protein, and 
therefore valuable for supplementing corn.”
 Pages 67-68: “Corn the best single crop for the silo. 
Corn not only produces a large quantity of nutritious feed 

that is easily placed in the silo, but it is of such a nature as to 
pack readily and keep well. The large southern varieties of 
ensilage corn, which give enormous yields in tons per acre, 
have been recommended for silage; but such varieties do not 
produce much grain and the total nutrients are usually less 
than from ordinary fi eld corn. The best results are obtained 
with some variety that will give a good yield of grain, and 
by planting somewhat thicker than for a grain crop. Under 
average conditions a larger tonnage of feed can usually be 
obtained per acre by combining corn, sorghum and cowpeas 
or soy beans, but even with this combination the greater part 
of the crop should be corn. When either peas or beans are 
grown with the corn and the entire crop is put into the silo, 
the feeding value is greater, ton for ton, than that of corn 
alone. This is a much more economical method of obtaining 
protein than by purchasing it in high priced concentrates, as 
gluten meal, oil meal, etc.”
 Page 74: “Silage Fed Liberally vs. Grain Fed Liberally 
Without Silage.–The Ohio Experiment Station has recently 
secured data to show the relative economy of a ration 
consisting of more silage than dairymen customarily feed 
and a ration consisting largely of grain with corn stover 
and mixed hay for roughage. The silage used consisted of a 
mixture of the forage plants, soy beans, cowpeas and corn, 
in the proportion respectively 1:2:7½ by weight.” Silage fed 
liberally was found to give more milk and milk fat.
 Page 77: “Soy bean hay frequently yields as high 
as three tons per acre in the South, where it is receiving 
favorable mention as a fodder plant. It is somewhat coarse 
in stem, though palatable and a rich source of protein. Its 
composition is similar to alfalfa and cowpea hay, making its 
use in the ration the same. It has been tested as a silage plant 
and is highly recommended. The New Jersey Station found 
alfalfa hay and soy bean silage as effi cient as commercial 
foods for supplying protein, which seems entirely reasonable 
in view of its composition.”
 Chapter 8, Feeding without the legumes for roughage 
(p. 80-96) begins (p. 80): “With none of the legumes (clover, 
alfalfa, cowpeas and soy beans) for use as hay, but with an 
abundance of other roughage on hand, all forms of which are 
non-nitrogenous in character, the purchase of one or more of 
the so-called commercial protein foods is made necessary.”
 These protein foods for cattle feeding may be 
conveniently divided into three classes, the group to which 
each belongs depending upon protein content: Class 1 
contains those richest in protein, and includes cottonseed 
meal, linseed meal, gluten meal and soy bean meal; Class 2, 
gluten feed, dried brewer’s grains, malt sprouts, Canadian 
fi eld peas and cowpeas; Class 3, wheat bran and shorts, or 
middlings.”
 Pages 83-84: “Soy bean meal differs from the products 
described in that it is the entire seed of the soy bean plant 
ground. It is worthy of note that soy beans are the only farm 
seeds deserving of a place in Class I, on account of their 
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exceptionally high protein content. They are also rich in oil, 
which makes it the more necessary to use a limited quantity. 
The soy bean is a very promising crop in the more Southern 
States, yielding from ten to twenty bushels of seed per 
acre, worth as much per pound as linseed meal for feeding 
purposes. (See Soy-bean culture in the appendix.)” “Class II. 
Cowpeas are less rich in protein than are soy beans, which 
logically puts them in Class II of the protein foods. The 
cowpea plant, cut before the seeds ripen, is so valuable for 
hay that it is used largely for this purpose. Where the seeds 
are allowed to ripen and are threshed, they may be ground 
into a meal and used very advantageously as a protein 
supplement to corn.”
 Pages 88-89: Variety in the roughage fed is as much 
appreciated as variety in the grain ration. When possible 
two or more kinds should be supplied. If hay from any one 
of the legumes, alfalfa, clover, cowpeas or soy beans, is fed 
as half the roughage, it would be more profi table to reduce 
the amount of cottonseed meal or other commercial protein 
foods to one-half of that recommended for stover, timothy or 
other fodder plants of that class.”
 In Part III, “Beef cattle,” chapter 17, titled “Corn 
substitutes, protein concentrates and preparations of foods 
for fattening and cattle,” says (p. 187): “Cottonseed meal, 
while richer in protein than oil meal, is perhaps more often 
inferior in quality. There are not suffi cient experimental data 
on record to warrant one in placing a value above the others 
upon any one of these concentrated foods, cottonseed meal, 
oil meal [old process {mechanically expressed} linseed 
meal], gluten meal or soy bean meal, though the composition 
indicates an advantage for cottonseed meal.”
 In Part IV, “Sheep,” chapter 21, titled “Fattening lambs 
in early winter” states (p. 227): “Canadian peas or cowpeas 
are even better than bran, as they furnish from 30 per cent 
to 50 per cent more protein and less crude fi ber, which latter 
is largely inert matter. Soy beans are relished and are quite 
as effi cient as oil cake [expelled linseed cake] in supplying 
protein.”
 In Part V, “Swine,” soybeans are mentioned on pages 
267, 274, 275, 283, 295, 299, 300, and 301
 The Appendix, “Methods of growing the leguminous 
crops, cowpeas, soy beans and alfalfa, by Dr. D.H. Otis, soy 
beans are mentioned on pages 381, 384, 385, 386, 392, 395, 
396, 399, 401, 409, 411, and 412. The section titled “Soy 
beans” (p. 384-86), has the following contents: Soy beans as 
a profi table crop. Planting. Harvesting for grain. Threshing. 
Curing the beans for seed. Harvesting for hay. Soy beans as 
feed. Alfalfa, etc., after soy beans.
 Note: Howard Remus Smith was born in 1872.
 An earlier edition, published in 1906, contained xii + 
413 pages. Address: Prof. of Animal Husbandry, Univ. of 
Minnesota. Formerly Univ. of Nebraska.

374. Smith, Isaac A. 1913. Soy beans and secrets of legume 

inoculation. Warren, Indiana: I.A. Smith. 22 p. 20 cm.
• Summary: Contents: Soy beans: Soil and rotation, 
special uses and methods, planting, cultivation, harvesting, 
threshing, yield of grain, the seed, varieties (the Early 
Brown, Ito San, Early Yellow, Hollybrook, Sable, Mammoth 
Yellow).
 Legume inoculation.
 “During the past fourteen years, practical experience and 
observation has convinced me that the Soy bean is probably 
the best plant known at present to grow protein for domestic 
animals in what is known as the corn belt, and second only 
to clover as an agent to supply nitrogen to the soil... As 
compared with the cowpea, it is hardier, may be planted 
earlier in the season, and makes its full plant growth more 
quickly” (p. 1).
 “When you buy complete commercial fertilizers, 
the nitrogen in them is what you pay the big price for at 
the rate of 15 to 17 cents per pound. Above every acre of 
land to which you apply this fertilizer, there is fl oating 
approximately seventy million pounds of this same element, 
as free as the rain that falls in the wet time, in fact so free 
that none of your farm plants can use it, without the help 
of a third factor stepping in and tying this nitrogen up in 
such as shape that your plants may feed on it.” You need to 
“transform the exhaustless supply of nitrogen into nitrates,...” 
and to do this you need the help of a bacterium (p. 14).
 Photos (on unnumbered pages after p. 10) show: (1) 
A stalk of soy beans that had a chance to make good. (2) 
Select samples of roots with nodules 14 weeks after planting. 
Concentrated inoculate [inoculant] used with seed.
 Isaac Adoniram Smith was born in 1849. Address: 
Warren, Indiana.

375. Stone, Wm. McD. 1913. Price list. Atwater, Ohio. 1 p.
• Summary: Eight varieties of soybeans are listed on this 
single gray-green page:
 “Ohio 7403 Soybeans
 “Ohio 7455 Soybeans
 “Peking Soybeans
 “Black Beauty Soybeans
 “Roosevelt Soybeans
 “Medium Green Soybeans
 “Ito San Soybeans
 “Mammoth Yellow Soybeans [the least expensive 
soybean variety at $2.50 per bushel]
 For each variety one column gives the following prices: 
(1) Per Lb. (2) 10 Lbs. (3) 1/8 Bu. (4) 1 Bu. (5) Per Bu. 5 or 
more Bushels. (6) Per Bu. 10 or more Bushels.
 At bottom of page:
 “Collection of ten packets of Soybeans, each package of 
a different variety, at $1.00.
 “Soybean-bacteria-inoculated soil, 60 cents per sack, 
about 125 lbs. Jute bag free. Small quantities of inoculated 
soil at one cent per pound.”
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 “Wishing you a bumper crop of grain in 1913 we are, 
Yours Truly.”
 Note 1. This catalog is owned by Special Collections, 
USDA National Agricultural Library, Beltsville, 
Maryland. It has been digitized and is available on the 
Internet Archive website: https://archive.org/details/usda-
nurseryandseedcatalog
 Note 2. This is the earliest seed catalog or price list seen 
(June 2017) that contains the word “soybean.” Address: 
Soybean and Corn Specialist, Atwater, Portage Co., Ohio.

376. Voorhees, John H. 1913. The soybean in New Jersey. 
New Jersey Agricultural Experiment Station, Circular No. 
21. 8 p.
• Summary: Contents: Introduction. Habits and 
characteristics. Varieties. Inoculation and fertilization. Uses 
of the soybean. Soybeans as substitutes for oats. Planting and 
cultivation. Harvesting and threshing. Feeding value.
 “Harvesting and threshing: One diffi culty in producing 
beans for seed is that a special machine for harvesting 
is desirable, though it may be done with fair success by 
an ordinary mowing-machine. The threshing may be 
accomplished by removing several of the concaves from the 
separator, provided the beans are produced for feed and not 
for seed, as the ordinary thresher breaks and cracks many of 
the beans. The crop should be harvested just after the pods 
become well fi lled, as the leaves will drop from the stems if 
allowed to ripen too thoroughly, and a large part of the food 
value of the stover will be lost. Last year this Experiment 
Station produced over 40 acres, and was successful in 
harvesting and threshing with the Bidwell harvester and the 
Bidwell thresher.” Address: Agronomist, Dep. of Agricultural 
Extension [New Brunswick, New Jersey].

377. Wood (T.W.) & Sons. 1913. Farm and garden guide 
(Mail order, with order form). Richmond, Virginia. 96 p. 25 
cm.
• Summary: In the section on “Seeds for the Farm” (p. 79) 
a full page is now devoted to “Soja Beans–The king of 
summer forage crops.” The following varieties are described: 
“Mammoth Yellow Sojas,” “Black Sojas,” “Early Dwarf 
Green Soja Beans,” “Brown Sojas,” and “Hollybrook Early 
Sojas.” There are four testimonial letters for Mammoth 
Yellow Sojas from: (1) J.H. Highsmith, Pender County, 
North Carolina (20 Sept. 1912). (2) J.D. Calton, Wake 
County, North Carolina (6 Oct. 1909). (3) E.V. Alexander, 
Morgan County, Tennessee (29 Sept. 1910). (4) C.S. Osmer, 
Wimico County, Maryland (21 Feb. 1911). Also four 
testimonial letters for Hollybrook Early Sojas from: (1) C.C. 
Starcher, Rome County, West Virginia (28 Sept. 1912). (2) 
Thomas Tobin, Harford County, Maryland (21 Nov. 1908). 
(3) John Earhart, Butler County, Ohio (1 Feb. 1909). (4) E.G. 
Mead, Howell County, Missouri (5 Nov. 1910).
 The letter from C.C. Starcher of West Virginia states: 

“I tried three varieties of Soja Beans this season: Mammoth 
Yellow, Hollybrook and Dwarf Green. The Mammoth Yellow 
made the largest growth. I think that is the best variety when 
cut for hay. They also had more nodules on roots. Inoculated 
all three varieties with Government inoculation. The 
Hollybrook made a larger growth than the Dwarf Green, but 
not as large as the Mammoth Yellow. I got more plants from 
the amount of seed with the Hollybrook. I think that is a very 
good variety for both hay and grain.”
 A photo shows a fi eld of soja beans grown in Tennessee. 
The caption: “Mammoth Yellow Soja Beans, a splendid 
soil improver and the best of summer forage crops.” An 
illustration shows a Hollybrook Soja Bean plant in full leaf, 
with a cluster of pods in the upper left corner.
 This catalog is owned by the Smithsonian Horticulture 
Branch Library in Washington, DC. Call number: #015519.
 Note: This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety Early Dwarf Green. 
Address: Richmond, Virginia.

378. Parsons (A.A.) & Sons. 1914. Special opportunities: 
Seeds (Ad). Hoard’s Dairyman 47(1):29. Jan. 30.
• Summary: “Soy Beans–Nineteen-years, experience in 
growing and feeding them. The Auburn, our earliest variety 
about 100 days has yielded for us 27 bushels per acre fi eld 
test. The Micado [Mikado], about 120 days fi eld test 30 
bushels per acre. Either variety $2.50 per bushel. Liberal 
discount for large orders. Also inoculated soil for soy beans 
at 75 cents per hundred [pounds]. A.A. Parsons & Sons, 
Plainfi eld, Indiana.”
 Note: If A.A. Parsons has been growing soybeans for 19 
years consecutively, he must have started in 1895. Address: 
Plainfi eld, Indiana.

379. Mooers, Charles A. 1914. The rational improvement 
of highland rim soils: Conclusions from six years of fi eld 
experiments with various farm crops. Tennessee Agricultural 
Experiment Station, Bulletin No. 102. 44 p. Jan.
• Summary: This bulletin is divided into three parts, and 
soy beans are discussed in each part. In part one, “Principles 
of soil fertility with special reference to the Highland Rim” 
(p. 4-13), soy beans are fi rst discussed in the section titled 
“Crop rotation” (p. 13) which states that in a long, fi ve-year 
rotation, cowpeas or soy beans work well in the second year.
 In part two, “Some results of fi eld experiments” (p. 14-
40), the section titled “Fertility experiments on a very poor 
gray-colored soil of the Highland Farm” (Putnam County) 
(p. 27), states that soy beans are used in 1910 and 1911 in 
a 3-year rotation with corn in two sections; the fi elds are 
hogged off. A full page table (p. 29) shows the results of the 
experiments. “Discussion of results: The experiments afford 
a striking demonstration of the rapidity with which even a 
poor soil responds to proper treatment. The results show both 
the marked increase in yield which may be brought about by 
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the pasturing off of legumes, such as cowpeas and soy beans, 
and the great value of acid phosphate rightly used.”
 In the section on “Discussion of results,” the subsection 
titled “Cowpeas and soy beans” (p. 33-34) discusses the 
importance of inoculation, soy-bean varieties, and fertilizers 
(acid phosphate and potash). “On soils of average fertility 
only the late and vigorous varieties, such as Mammoth 
Yellow, Tokio, and Acme, are advised. The early varieties, 
such as Ito San and Haberlandt, which have done extra well 
at the Knoxville Station, are advised only for soils of rather 
high fertility. On poor land their growth is too dwarfed and 
meager.”
 In part three, “Crop rotations” (p. 41-44), the section 
titled “List of rotations” (p. 41) notes that soy beans are 
used in the “General farming–Five-year rotation,” during the 
second year, as an alternative to cowpeas. Table IX (p. 42) 
shows that in 1914 and 1918 they were fertilized with 300 lb 
acid phosphate and 20 lb muriate of potash.
 Note: This is the earliest document seen (Oct. 2004) that 
mentions “pasturing off” (or “pasturing down”) soybeans. 
Address: Chemist and agronomist, Knoxville, Tennessee.

380. Turner, A. Grenville. 1914. The soy bean. Agricultural 
J. of the Union of South Africa 7(1):67-77. Jan.
• Summary: This report was sent to South Africa by the 
Union Trades Commissioner in London, Mr. C. du P. 
Chiappini.
 Contents: Botany and habitat. Varieties. Conditions of 
growth. Methods of culture and soil inoculation. Harvesting: 
Yield per acre, yield of forage, as a grain crop, thrashing. 
Manurial value (as a green manure). Storing soy bean seed. 
Feeding value: For sheep, dairy cows, or hogs. Experiments 
in South Africa (conducted by Mr. Turner during the 1910-
1911 season). Chemical analyses. The commercial aspect. 
The bean (utilization). The oil (utilization).
 “Botany and Habitat: The soy bean (Glycine hispida) 
is a leguminous plant, native of south-eastern Asia. De 
Candolle states that it originally occurred in the wild state in 
the region ‘from Cochin China to the south of Japan and to 
Java.’ It has been cultivated from very ancient times. It is a 
very important food plant in some countries, notably China, 
Japan, and Manchuria: and its cultivation has reached such 
an advanced stage that innumerable varieties and forms have 
been developed.
 “It is supposed to have been used for food in China even 
before the time of Confucius. Although it has been grown in 
China and Japan for such an extended period, its cultivation 
seems to have spread very slowly to the surrounding 
countries. Its introduction into India seems to have taken 
place in comparatively modern times.
 “Up to the year 1907 the export of soy beans from 
Manchuria did not exceed 120,000 tons, of which the bulk 
was absorbed by Japan. The development of Manchuria as 
the result of the Russo-Japanese war is responsible for the 

huge supplies of beans exported to Great Britain and the 
Continent of Europe. As a commercial oilseed, however, the 
soy bean was undoubtedly fi rst introduced to the notice of 
the British and Continental manufacturer towards the end 
of the year 1908, when the export commenced to Europe 
through Vladivostock [Vladivostok]; the cargo was nearly 
all carried in British bottoms, and destined to oil mills in the 
United Kingdom.”
 “Experiments in the cultivation of the soy bean are being 
conducted in practically every British colony; during the year 
1909 experiments were conducted in the Argentine Republic, 
Mr. A. Grenville Turner, the soy bean expert, reporting that 
a crop of beans may be secured in about thirteen weeks, as 
against six months in Manchuria. World-wide interest now 
was evinced in the culture of the soy bean; the late Sir Alfred 
Jones, K.C.M.G., entrusted Mr. Turner with a mission to 
introduce the cultivation of the bean throughout West Africa; 
on his return Mr. Turner reported that he had travelled 
12,000 miles through the Gambia, Sierra Leone, Southern 
and Northern Nigeria and the Gold Coast Territories; the 
results of experiments being successful: on sowing the seed 
the plants made their appearance above ground in about 
four days, ultimately attaining a height of two feet, and 
reaching maturity in six, eight, or ten weeks, according to 
zone and climatic conditions. On his return from the coast, 
Mr. Turner was entrusted with a mission by Messrs. Lever 
Brothers, Limited, to encourage the cultivation of the soy 
bean throughout the Union of South Africa, during the 
season 1910-1911 the scheme was taken up by the farmers 
with enthusiasm, a large quantity of seed, together with 
descriptive pamphlets, was distributed by Messrs. Lever, the 
result of the experiments proving that South Africa can raise 
a crop of soy beans equal, if not superior, to Manchuria.”
 At the Government Experiment Farm in South Africa, 
where 80 varieties were tested (there are over 300 varieties 
of soy beans), yields of seed “as high as 2,000 lb. per acre 
were recorded, while in many instances the yield was well 
over 1,000 lb. per acre. In Manchuria the yield per acre is 
from 1,100 to 1,600 lb. per acre.” If grown for forage, yields 
as high “as 12 to 13 tons of fresh fodder may be produced 
per acre, which may be used for hay or for silage purposes.” 
“Growing soy beans for the grain is distinctly profi table, 
owing to the large demand in the United Kingdom and 
Europe” (p. 71).
 When Mr. Turner conducted soybean cultivation 
experiments in South Africa during the 1910-1911 season, 
the “scheme enjoyed the hearty support of the Union 
Government Agricultural Department, the Agricultural 
Union, and Messrs. Lever Brothers, Limited, by whose 
assistance, through Mr. Turner, see for the planting of three 
to fi ve acre plots was distributed to over three hundred 
farmers in all parts of the Union, together with printed report 
forms, and descriptive bulletins” (p. 72). Natal experience 
the worst drought in 40 years took at this time, but the 
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soybeans resisted the drought and were able to grow under 
conditions that would probably in many instances be too 
severe for even maize. Soybeans were also grown in the 
Transvaal, Orange Free State, and Cape Province.
 The highest recorded oil content in soybeans was 
23.20% from beans grown by Mr. Turner in Sierra Leone.
 “The oil mills of Great Britain crush annually upwards 
of 1,000,000 tons of oil seeds,... Great Britain is the heaviest 
importer of oil seeds in Europe, and is, in fact, after the 
United States of America, the most important manufacturer 
of oils in the world.”
 Great Britain imports and crushes about 600,000 tons of 
cotton seed and about 350,000 tons of soy beans; the balance 
is linseed. Recently, however, these soy bean imports have 
been decreasing, since Germany has rescinded the import 
duty and installed soy bean crushing plants in their oil mills.
 “It is estimated that Great Britain and Europe can 
take ten million tons of soy beans per annum in the event 
of the beans being used for human as well as for animal 
consumption and for industrial purposes, so there is a 
large market for South Africa to ship all the beans she can 
produce...”
 Note: This document contains the second earliest clear 
date seen for soybeans in Argentina, or the cultivation of 
soybeans in Argentina (1909). The source of these soybeans 
is unknown, but might have been Great Britain.

381. Klimmer, M.; Krueger, H. 1914. Sind die 
bei den verschiedenen Leguminosen gefundenen 
Knoellchenbakterien artverschieden [Are there different 
varieties of legume nodule bacteria?]. Zentralblatt fuer 
Bakteriologie. Series 2. 40(11-13):256-65. Feb. 18. [1 ref. 
Ger]
• Summary: Root nodule bacteria from 18 different types of 
legumes (including Soja) were found to belong to various 
clearly differentiated species, that fall into 9 sharply defi ned 
main groups. Different legumes require different types of 
nodule bacteria. Soja hispida requires its own unique type. 
Address: Hygienic Institute, Imperial Veterinary College, 
Dresden, Germany.

382. Brooks, William P. 1914. Green manuring and cover 
crops. Massachusetts (Hatch) Agricultural Experiment 
Station, Circular No. 37. 6 p. Feb.
• Summary: Contents: Introduction. Possible benefi ts: 
Erosion prevented, soluble plant-food compounds saved, 
weeds prevented, soil enriched in nitrogen, plant-food made 
available, humus increased, subsoil mellowed. Principal 
crops: Desirable characteristics, non-legumes (winter rye, 
buckwheat, white mustard, rape), legumes (vetches, fi eld 
peas, crimson clover, common and mammoth red clovers, 
sweet clover, the soy bean, the cow pea). Conditions when 
green manuring is advisable: When not advisable. Treatment 
of the green manure crop. Should green manure crops be 

fertilized.
 “Green manuring is the practice of cultivating a crop 
for soil improvement. The crop is usually, but not always, 
plowed in while green. A cover crop is one grown largely 
for soil protection, but it may at the same time serve all the 
purposes of a green manure crop. On the other hand, during 
the period of its growth a green manure crop is a cover crop.
 “The practice of using crops for soil protection and 
improvement has received much more attention in recent 
years than formerly...” (p. 1).
 Erosion: “The protection of the soil against damage by 
wind which carries away the fi ner and better particles, and 
water which washes fi elds which have any considerable 
slope. In other words, to prevent erosion” (p. 1).
 “Green manure and cover crops may be made of much 
use in preventing the growth of weeds and the ripening of 
weed seeds, and also in some cases they may be made very 
helpful in exterminating certain kinds of weeds with which a 
fi eld may have become infested.” (p. 1).
 All legumes have the capacity to gather nitrogen from 
the air. They will do this, however, to an important extent 
only when four conditions are met: 1. The soil must be 
neutral or alkaline. 2. It must be stocked with bacteria of the 
right kind. 3. It must not contain a large amount of nitrogen 
in the form of available compounds. If it does, the legume 
will take most of its nitrogen from the soil rather than from 
the air. “4. The legume must be allowed to attain nearly 
full development if the gain in nitrogen is to be large, since 
during the early stages of its growth the nitrogen which it 
requires comes in large measure from the soil.”
 “The soy bean. Suited to the better loams, is not hardy 
and is not well suited for prevention of erosion or conserving 
nitrogen, will furnish a large amount of vegetable matter 
within a comparatively short period of summer weather, does 
best if planted in drills. About ½ bushel of seed per acre.”
 Note 1. This is the earliest document seen (Feb. 2011) 
that discusses the soy bean in connection with soil erosion–
which, it says, it is not well suited to prevent.
 Note 2. The pages of this circular are misnumbered. 
Address: Amherst.

383. Woods, Chas. D. 1914. Field experiments. Maine 
Agricultural Experiment Station, Bulletin No. 224. p. 23-48. 
Feb. See p. 32-39.
• Summary: Contents of the section titled “Soy beans for 
fodder, silage and seed” (p. 32-39): Introduction and history 
of research in Maine. Conditions of growth. Fertilizing and 
culture. Nutrients in soy bean and their digestibility. Soy 
bean silage. Yield of dry matter and protein: Soy bean vs. 
corn fodder, soy beans for seed. Summary.
 This section begins: “In 1903 and 1904 the Station grew 
on the college farm at Orono several varieties of soy beans. 
These were grown for forage and for silage. The results were 
published in Bulletin 106 and made up part of the Report of 
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the Station for 1904.”
 “Although it is not at all likely that the soy 
bean can ever be grown as a profi table seed crop 
in Maine, three varieties” furnished by the Paint 
Manufacturers’ Association were grown and 
tested at Highmoor Farm in 1913. One variety, 
imported from Manchuria, was supposed to 
contain an oil of high oxidizing properties. The 
second, Variety 1002, was an American type 
which was said not to mature as quickly as the 
Manchurian bean. The third, Soy Bean 302, 
came with no description. All three were tested 
for germination and found to germinate well. The 
fi rst variety yielded 700 lb/acre of shelled beans 
and the third yielded 650 lb/acre.
 Summary: “Soy beans can be grown in parts 
of Maine where corn thrives. When early corn 
matures, the early white soy bean will usually 
mature. Where Sanford corn ears, the early 
medium soy bean will form pods. Soy bean can 
be grown with less nitrogen than corn. In order 
to grow the soy bean most economically, the 
soil should be inoculated with the organism that 
forms root tubercles.” Address: Director of the 
Station, Orono, Maine.

384. Sahr, C.A. 1914. Report of the Assistant 
Agronomist. Hawaii Agricultural Experiment 
Station, Annual Report. p. 43-49. For the year 
1913. March 16. [1 ref]
• Summary: In this report’s only section, titled 
“Experiments with leguminous plants,” all crops 
are grouped into three types based on the length 
of their growth period. The soy bean appears in 
both the fi rst group (quick rotation, short season, 
3 to 4 months) and the second group (medium 
time, 4½ to 6½ months). The importance of 
inoculation is emphasized.
 The subsection on “Soy bean” (p. 46-49) 
states: “Soy beans were grown more or less extensively by 
Japanese farmers in Kona to defray expenses while their 
coffee trees came into bearing, fi nding a ready market for 
culinary purposes and also among local soy sauce brewers. 
Since the coffee orchards now demand the entire attention 
of the growers, the soy brewers depend upon soy beans 
imported from Japan for their supply.
 “The brewing of Japanese soy sauce having become 
a well-established industry in Hawaii, a visit of inspection 
to several of the largest factories was made to ascertain the 
method of manufacture, which is given here briefl y...” Equal 
parts of boiled soybeans and roasted California wheat are 
mixed, “poured into molds, and left to stand for 3 or more 
days, or until slightly covered by mold fungi. The molds 
are then emptied into large cedar vats of 500 to 800 gallons 

capacity. A starter made from cass [soybean presscake] and 
brine is then added, and the mass is left to ferment for a 
period ranging from 6 months to a year or 18 months, the 
mass being thoroughly stirred twice each day. The fermented 
mass is then transferred into a large press and the liquid 
sauce is pressed out, boiled 2 or 3 hours, and put in cedar 
tubs of 4½ to 6 gallons capacity... The ferment starter is 
made of a small quantity of soy-bean cake, or cass, sprinkled 
over a few handfuls of parboiled soy beans and left in a 
warm place for several days. The cass is sold for 20 cents per 
100 pounds to rice planters as a fertilizer, and contains about 
20 per cent salt. It is also fed to hogs, after soaking in water 
to draw out the salt. The brewers buy imported soy beans at 
$72 per ton in Honolulu, wheat at $40, and salt at $10. The 
tubs in which the soy sauce is put up are made of Japanese 
cedar, shipped knocked down from Japan, and put together 
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as wanted. The cost per tub is from 40 to 70 cents, according 
to their capacity, which ranges from 4½ to 6 gallons. Soy 
sauce is eaten by all classes of Japanese as a table sauce, 
with their rice, fi sh, and meats. It has the color of strong 
black coffee.
 “Miso, another Japanese table sauce, is brewed from soy 
beans and rice. The brewed liquid is clear white. The climate 
of Hawaii is too warm for its manufacture.”
 A table (p. 48) shows fi ve soybean varieties (each with 
an “Agronomy accession number, three also with an S.P.I. 
number–20798, 19183, and 14953) and their yields as hay, 
fodder and/or seed, and stages of growth in Hawaii. The only 
named variety, Otootan [black seeded], was “grown from 
seed received from the College of Hawaii in May 1911. This 
variety is undoubtedly the coarsest, rankest soy bean ever 
grown by this station. It is also most tolerant of both dry and 
wet conditions, but only makes a rank growth during a cool 
and moist growing period.” Trials of this variety were made 
at the Hilo and Glenwood substations.
 No. 698, a Russian soy bean, was received from S.R. 
Cope of London, England. Seven varieties were received 
from the College of Hawaii. Eight varieties were received 
from the Bureau of Plant Industry (USDA) under the [S.P.I.] 
numbers 19183, 22379, 32906, 32907, 34857, 34934, 34924, 
34987, and 34123; they were planted in May. “Four varieties, 
said to be rich in oil content, were received from an eastern 
paint and oil company for trial by this station. Samples of 
these will be analyzed and the oil content determined.”
 A photo shows two Otootan variety soy bean plants, 
valuable for forage and green manuring; one is bigger than 
the other and both are hanging up-side down.
 Other leguminous plants tested: Kulthi or horse gram, 
cowpeas, sunn hemp (Crotolaria juncea), a variety of Cuban 
peanut, asparagus bean (sasagi; probably yardlong cowpea) 
and sesbania.
 Note 1. This is the earliest document seen (July 2013) 
that mentions the soybean variety Otootan.
 Note 2. This is the earliest document seen (March 2004) 
that mentions the asparagus bean (Vigna sesquipedalis). 
Address: Asst. in Agronomy.

385. Hall, J. Ed. 1914. Soy bean a profi t maker: Missouri 
farmers should give this new crop a trial. Missouri Ruralist 
13(6):7. March 20.
• Summary: “A very few years back a writer on the ‘soy,’ 
stated that the soy bean was one of the coming crops of 
Missouri. Today we are in a position to say that the soy bean 
is one of Missouri’s profi table crops. When we become more 
thoroughly acquainted with them, and come to realize their 
full value as a soil renovator and as a hay and grain plant, we 
can safely say that it is one of Missouri’s main crops.
 After trying out soy beans for a number of years, 
we have arranged our rotation in such a way that we are 
now growing one-half as many acres of soys as we are of 

corn. Why? Because if our soil is inoculated with the soy 
bean bacteria (and the entire farm is) the soil will become 
materially richer in both nitrogen and humus, by growing 
them than by growing corn. Then, too, as a nitrogenous feed 
we are unable to make as profi table growth in young animals 
by any other means.”
 J.M. Perley, of Moberly, Missouri, has developed an 
excellent method of preparing a seedbed for soys, using a 
disk and spiked-tooth harrow. “Since making a two-year test 
of 10 varieties, we have decided that the Austin and Perley’s 
Mongol are best adapted to Central Missouri conditions.” 
Each of these two varieties is a rank grower. Soys make good 
hay.
 “The richer the soil the greater the yield with soys, while 
with cowpeas we fi nd the opposite. By using a variety of soy 
beans, maturing in advance of cowpea hay harvest, such as 
Ito San or Mongol, we have a mixed hay laden with grain 
comparing equally in protein with oilmeal.”
 Note 1. This is the earliest document seen (July 2013) 
that mentions the soybean variety Perley’s Mongol.
 Note 2. This is the earliest document seen (June 2001) 
with the word “profi t” (or “profi ts” or “profi table”) in the 
title in connection with soybeans. Address: La Monte, Pettis 
County, Missouri.

386. Reynolds, Will. 1914. A crop with many profi ts: Soy 
beans are good for fertilizer, for pasture, for hay, for seed. 
Country Gentleman 79(12):9. March 21.
• Summary: “Soy beans have been grown in the United 
States for the past twenty years, yet comparatively few 
farmers are interested in the crop. Soy beans will be our 
salvation when clover fails. They can be used for green 
manure, for pasture, for hay, for seed... Why should we not 
grow our supplement for corn in the Corn Belt? In nearly 
every system of rotation in the Orient, described by Prof. 
F.H. King [Farmers of Forty Centuries, 1911], we fi nd the 
soy bean... The oil from the beans is extracted and the bean 
cake is used for both feed and fertilizer.”
 “Beans should be inoculated: Certain varieties of soy 
beans are better adapted than other to certain uses and 
conditions. The earlier-maturing varieties may be grown 
in Northern latitudes with more certainty of the crop’s 
maturing than later ones.” “Varieties that have done well 
in the North are Ito San, Early Brown, Black Beauty, and 
Parson’s Auburn. Ito San is more extensively grown and is 
better known than any other early maturing variety, but some 
growers prefer Auburn, which is a higher yielder and as early 
as Ito... Wilson is a promising hay and forage variety, but is 
not a good yielder. For a general-purpose bean, Sable and 
Mikado are both good, while Ito San is the best all-around 
bean for its locality.”
 “For best results, soy beans should be inoculated. The 
most practical method is to secure soil from men who have 
grown them, using two quarts of soil to each bushel of seed. 
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This can be mixed with the seed at planting time. When the 
beans are drilled in rows from eighteen to thirty pounds of 
seed will be required to the acre. An ordinary corn planter 
may be used to drill the seed by setting over the shoes and 
wheel so there will be forty inches between the rows. Set the 
planter to drop about eight beans to the foot in the rows.”
 “Taylor Fouts, of Carroll County, Indiana, has 
successfully followed the following practice: For some 
time he has grown Hollybrook soy beans and corn together 
for silage, hogging off, and lambing off. A corn planter 
with fertilizer attachment is used, mixing twelve pounds 
of beans with fertilizer for each acre. At one operation the 
corn and beans are drilled; both appear at the same time, 
and cultivation is practiced as for corn alone. If there is 
no fertilizer attachment the corn and beans may be drilled 
together, equal quantities of each being mixed in the grain 
box and the speed and plates adjusted to suit.
 “About September fi rst the feeding lambs are turned into 
the fi eld to feed on the bean foliage, pods and corn blades. 
Mr. Fouts also fi nds the combination highly profi table in 
hogging off, saying: ‘There is no produce that compares 
with it acre for acre. The hogs keep thrifty and make rapid 
and economical gains.’ Another point in favor of this 
intercropping of corn and soybeans is that it makes a very 
valuable and complete ration to put into the silo.”
 “Harvesting for seed: Various implements are employed 
in harvesting soy beans for seed–the mower with a side-
delivery buncher, the binder, the bean harvester, the self-
rake reaper–or they may be pulled by hand.” The self-rake 
is good, inexpensive machine for “harvesting soys... For 
varieties of soys with an erect and tall growing habit the 
binder is very satisfactory.”
 Photos show: (1) “A single stalk of Black Champion” 
variety soy beans against a ruler to show its size. (2) A fi eld 
of soy bean plants that have been harvested and piled in 
cocks. “The less the vines are handled the greater will be the 
crop of seed.”
 Note 1. This is the earliest article seen (August 1996) in 
Country Gentleman which contains the word “soys.” This 
word was used in at least 20 articles in Country Gentleman 
from March 1914 to Nov. 1929.
 Note 2. This is the earliest document seen (Oct. 2004) 
that mentions “lambing off” (or “lambing down”) soybeans.
 Note 3. This is the second earliest document seen (Oct. 
2012) that mentions specifi c soybean varieties grown by 
Taylor Fouts, and the earliest article seen stating that he 
grew the Hollybrook variety. “For some time he has grown 
Hollybrook soy beans and corn together for silage, hogging 
off, and lambing off.”
 Note 4. This is the earliest document seen (Aug. 2004) 
that mentions the soybean varieties Black Champion [later 
renamed Peking], Parson’s Auburn, or Sable. As of June 
2008, the variety “Parson’s Auburn” is mentioned only twice 
in the SoyaScan database; the second mention was also in 

Country Gentleman in May 1916. Parson’s Auburn was 
probably developed by Adrian Parsons (of Indiana) who also 
developed the Mikado (Adrian Parsons wrote to the USDA 
in about 1914 that Auburn was his 2nd heaviest yielder after 
Mikado). The regular “Auburn” variety was fi rst mentioned 
in a 1910 document.

387. Wiancko, Alfred T.; Fisher, M.L.; Cromer, C.O. 1914. 
Soybeans and cowpeas. Indiana (Purdue) Agricultural 
Experiment Station, Bulletin No. 172. p. 419-38. March.
• Summary: In Indiana, researchers have been experimenting 
with soybeans and cowpeas for the past 15 years. Contents: 
Introduction. Historical notes. Uses and value. Soil 
adaptation. Liming. Soil fertilization. Place in the rotation. 
Soil preparation. Inoculation. When and how to sow cowpeas 
and soybeans. Cultivation. Harvesting. Threshing. Varieties 
of soybeans. Varieties of cowpeas. Selecting varieties of 
soybeans and cowpeas. Summary.
 Photos show: (1) Typical mature soybean plant. (2) 
Plant with leaves removed to show pods. (3) “Hogging off 
soybeans.” Many hogs in a soybean fi eld. (4) A fi eld of 
soybeans and cowpeas sown after wheat harvest. (5) Four 
soybean plants with roots showing nodules. (6) A fi eld with 
many piles of soybeans made into hay. (7) Harvesting a 
soybean seed crop with a mower having a side-delivery 
attachment. (8) Men threshing soybeans with a common 
threshing machine. Address: 1. Chief in Soils and Crops; 2. 
Asst. Chief in Soils and Crops; 3. Asst. in Crops. All: Dep. of 
Soils and Crops, Lafayette, Indiana.

388. Moore, R.A.; Delwiche, E.J. 1914. Soy beans–
An important Wisconsin crop. Wisconsin Agricultural 
Experiment Station, Bulletin No. 236. 20 p. April. [7 ref]
• Summary: Contents: Introduction. The soy bean plant. 
Soils adapted to soy beans. The culture of soy beans: Soil 
inoculation, soil preparation, time and method of planting, 
after cultivation, harvesting, thrashing and storing the seed. 
Soy beans as a protein concentrate: For hogs, for dairy 
cows, for sheep. Soy beans for roughage: For hay, for silage, 
as pasture for hogs, as a soiling crop, as a soil renovator. 
Variety tests at Madison (1902-1904). Experiments in 
northern Wisconsin (Iron River, Ellis Junction, and Spooner): 
Varieties recommended, breeding soy beans.
 “... experiments with soy beans were undertaken by 
the agronomy department on the Experiment Station Farm 
at Madison in 1899, and have been carried on continuously 
ever since.” Breeding work with soy beans at the Station 
farm was also started in 1899, and at the Branch Stations in 
upper Wisconsin in 1907.
 “Soy beans may be grown for fi ve purposes: For the 
production of seed, for hay, for hog pasture, for silage (when 
mixed with corn), and as a green manure.” “We recommend 
this crop to the careful consideration of the Wisconsin seed 
growers, stockmen and general farmers.”
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 Photos show: (1) A man standing in a fi eld of Early 
Black soy beans (front cover). “Experiments conducted at 
the branch stations since 1907 have shown that this variety is 
best for northern conditions.” (2) Roots of a soy bean plant, 
showing nodules (p. 7). (3) Special type of bean harvester, 
with a windrowing attachment it can cut two rows at once 
(p. 11). (4) Corn and soy beans growing together in a fi eld 
for use as silage (p. 15). (5) Field of soy beans increased in 
yield by inoculation at the Spooner Branch Station (p. 18). 
Illustrations (line drawings) show: (1) A typical soy bean 
plant, with roots (p. 4, non-original). (2) A common mower 
with windrowing attachment (p. 10). Address: Madison, 
Wisconsin.

389. Northwestern Druggist (St. Paul / Minneapolis, 
Minnesota). 1914. An opportunity for new business. 
15(4):82. April.
• Summary: “The Mulford Nitro-Germ is a pure culture 
of nitrogen-fi xing bacteria, used to inoculate the seeds of 
legumes or the soil. A special culture is prepared for each 
different legume. It is a product of the standard Mulford 
quality, scientifi cally prepared and tested.
 “The Mulford Nitro-Germ increases crops of Alfalfa, 
Clovers, Cow Peas, Soy Beans, Peanuts and other legumes, 
and adds fertility to the soil.”
 “Interesting literature on this subject may be had by 
writing H.K. Mulford Co., at Philadelphia, Pennsylvania.”
 Two vertical photos, side by side, show a small, weak 
plant on the left and a large, vigorous plant on the right–as if 
the right one had been inoculated with Mulford Nitro-Germ.
 Note: This is the earliest document seen (Aug. 2018) 
that mentions “Mulford’s Nitro-Germ” (or “Nitrogerm”) in 
connection with legume inoculation or soy beans.

390. Hill, W. Stanley. 1914. The soya bean: Experience 
at Moumahaki Experimental Farm. New Zealand J. of 
Agriculture 8:594-96. June 20.
• Summary: “The failure of several attempts made to grow 
this crop under fi eld conditions at Moumahaki Experimental 
Farm led to consideration of the cause or causes of these 
failures. In previous seasons only one variety of bean–viz., 
the Early Yellow–was experimented with. During the season 
just passed six varieties have been fairly successfully grown 
under severe fi eld conditions. They were sown on the 20th 
September, 1912.” A table (p. 594) shows that the varieties 
were (with the weight of 100 seeds of each), in descending 
order of seed size: Giant Yellow Santa Margherita (28.56 
gm), Early Yellow (24.60 gm), Green Samarow (15.34 gm), 
Arlington (10.58 gm), Brownie (9.14 gm), and Meyer (7.10 
gm). For each is given the average height (inches), period of 
growth (days), colour of seed, and weight per 100 seeds.
 “Until the season 1912-13 no nodular development 
existed on any Soya-bean plants harvested at Moumahaki. 
During that season these nodules were obtained by means 

of a commercial culture.” Address: B. Agriculture, New 
Zealand.

391. Fisher, M.L. 1914. Helps for teachers in agriculture: 
Farm crops. Purdue University (Indiana) Department of 
Agricultural Extension, Extension Bulletin No. 30. 12 p. 
Aug.
• Summary: Page 2: “Nodules of Legumes: Such plants 
as clovers, cowpeas, soy beans, hairy vetch, and in fact all 
of the legumes, have enlargements on their roots, called 
nodules or tubercles. These nodules have various shapes and 
appearances. On the cowpea and soy bean they are nearly 
spherical. On the alfalfa and hairy vetch they are very much 
branched. On the clovers they are cylindrical in shape. In 
size they are as variable as in shape, those on the clovers 
being quite small while those on the cowpea are relatively 
large. The color of the nodules is usually white or fl esh 
colored.
 “An examination of these nodules under a compound 
microscope shows the presence of a large number of small 
bodies, called bacteria. These bacteria are benefi cial to the 
plants. They gather nitrogen from the air that circulates 
through the soil and fi x it in their tissues. When the plants 
begin to blossom these bacteria begin to die off and give 
their nitrogen content to the plant. The plant changes this 
nitrogen to the organic compound called protein, which is a 
valuable feeding element...”
 Pages 7-8: “Cowpeas and Soy Beans: These crops are 
of Asiatic origin and have been grown and used in that part 
of the world for a long time. They are comparatively recent 
crops in Indiana. Only within the last few years has interest 
in their growing been widespread. The two crops have quite 
similar characteristics. Both are legumes and good for soil 
improvement as well as excellent feed. They are well adapted 
to ordinary corn land. The cowpea will grow on sandier soil 
to better advantage than the soy bean. The same is also true 
with regard to the heavy soils like clay loams. The seed bed 
should be prepared the same as for corn. The planting is done 
in the spring after corn planting. The seed may be distributed 
in rows 24 inches or more apart or drilled solid like wheat. 
When sown in rows cultivation should be given the same 
as corn. If sown in rows 24 or 32 inches apart, about 30 
lbs. of seed is necessary for an acre. When drilled solid like 
wheat, a bushel or more of seed is necessary. The seed can 
be distributed with an ordinary wheat drill or with a corn 
planter. In using the corn planter, special soy bean plates 
should be used. If these crops have never been grown before 
on the land, they should be inoculated the same as described 
before. When using the corn planter, inoculating soil can 
be mixed with the seed and distributed in that way very 
effectively.
 “If these crops are to be used for soil improvement, it 
is economical to pasture them down before plowing under. 
Hogs will derive more benefi t from the pasturing than other 
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animals.
 “Soy beans are ready to cut for hay when the pods are 
about two-thirds grown and before the leaves have begun 
to turn yellow. Cowpeas are ready to cut for hay when the 
fi rst pods begin to show ripeness. Soy beans are ready to cut 
for seed when they are fully ripe and the leaves have fallen 
off; cowpeas, when the maximum number of pods are ripe, 
and before the early ripening pods have begun to burst open. 
Both cowpeas and soy beans make excellent hay for all kinds 
of livestock.
 “Both cowpeas and soy beans may be sown after wheat 
has been removed, especially in the southern half of the state. 
If they can be sown by the middle of July and favorable 
weather conditions result, a good growth will be obtained, 
suffi cient to pay for the cost of the seed and labor. These 
crops sometimes are sown in standing corn and furnish 
organic matter for plowing under for the next crop.
 “Exercises:–Secure and study dry specimens of cowpea 
and soy bean plants; also secure the seed of both of these 
crops. Note the different varieties of each. Secure as many 
as possible. Determine amount of each of these crops grown 
in the community. For what purpose are these crops grown?” 
Address: Prof. of Crop Production, Purdue Univ. School of 
Agriculture.

392. Garman, H.; Didlake, Mary. 1914. Six different species 
of nodule bacteria. Kentucky Agricultural Experiment 
Station, Bulletin No. 184. p. 343-63. Aug.
• Summary: A section titled “The Soy Bean Nodule 
Organism” (p. 350) states: “Our experiments indicate that 
in the soy bean nodule bacteria we have still another very 
distinct species not transferrable to cowpeas, garden beans, 
or garden peas.”
 A full-page photo (taken in 1909) shows that soy beans 
raised in bottles of sterilized water grow much less well than 
those inoculated with soy bean nodule bacteria. Address: 
1. Entomologist and Botanist, Head; 2. Lab. Asst. Both: 
Lexington, Kentucky.

393. Piper, Charles V. 1914. Forage plants and their culture. 
New York, NY: The Macmillan Co. xxi + 618 p. Aug. See 
p. 513-38. Illust. Index. 20 cm. Series: The Rural Text-Book 
Series, ed. by L.H. Bailey. [9 ref]
• Summary: Note: This is the best book on the subject to 
date. It was reprinted (with new publication date but without 
changes) in 1916, 1919, and 1921.
 Contents: 1. Introduction. 2. Preservation of forage. 3. 
Choice of forage crops... [chapters an various grasses (incl. 
Velvet grass {Holcus lunatus}), sorghums, and millets]. 4. 
Seeds and seeding.
 5. Meadows and pastures. 6. The statistics of forage 
crops (“In the same way as the straw of cowpeas, Canada 
and garden peas, soybeans and other leguminous seed crops 
has also a considerable value as forage,” p. 114). 7. Timothy. 

8. Blue-grasses, meadow-grasses and redtop. 9. Orchard-
grass, tall oat-grass and brome-grasses.
 10. Other grasses of secondary importance. 11. Perennial 
grasses of minor importance. 12. Southern grasses. 13. 
Sorghums. 14. Millets and other annual grasses.
 15. Alfalfa. 16. Red clover. 17. Other clovers–Alsike, 
Hungarian, White and Sweet. 18. Crimson clover and other 
annuals. 19. Peas and pea-like plants (incl. Chick-pea {Cicer 
arietinum} and Grass-pea, vetchling or chickling vetch 
{Lathyrus sativus}).
 20. Vetches and vetch-like plants: Common vetch (Vicia 
sativa), hairy vetch (Vicia villosa), narrow-leaved vetch 
(Vicia angustifolia), purple vetch (Vicia atropurpurea), 
wooly-pod vetch (Vicia dasycarpa), scarlet vetch (Vicia 
fulgens), ervil or black bitter vetch (Vicia ervilia), narbonne 
vetch (Vicia narbonnensis), horse bean (Vicia faba), bird or 
tufted vetch (Vicia cracca), tangier pea (Lathyrus tingitanus), 
fl at-podded vetchling (Lathyrus cicera), ochrus (Lathyrus 
ochrus), fenugreek (Trigonella foenum-græcum), lupines 
(Lupinus spp.), serradella (Ornithopus sativus), square 
podded pea (Lotus tetragonolobus).
 21. Cowpeas. 22. Soybeans. 23. Other hot-season annual 
legumes: Lespedeza or Japan clover, Florida velvet bean 
(Stizolobium deeringianum) [later renamed simply “Velvet 
bean” (Mucuna pruriens)], peanut (Arachis hypogæa), 
Florida beggarweed, the jack bean (Canavalia ensiformis. 
“Owing to confusion with the similar species cultivated in 
Japan, China, and India, it has also been called the sword 
bean and the knife bean, but those names properly belong to 
the Asiatic species {Canavalia gladiata}, used principally as 
a vegetable), mung bean (Phaseolus aureus), urd (Phaseolus 
mungo), moth bean (Phaseolus aconitifolius), adzuki bean 
(Phaseolus angularis), bonavist or hyacinth bean (Dolichos 
lablab), guar (Cyamopsis tetragonoloba).
 24. Miscellaneous perennial legumes: Sainfoin 
(Onobrychis cicioefolia), sulla or Spanish sainfoin 
(Hedysarum coronarium), kudzu (Pueraria thunbergiana), 
fl at pea (Lathyrus silvestris var. wagneri), kidney vetch 
(Anthyllis vulneraria), goat’s rue (Galega offi cinalis), bird’s 
foot trefoil (Lotus corniculatus), Astragalus falcatus, furze 
(Ulex europoeus).
 25. Miscellaneous herbs used as a forage (incl. 
Sunfl ower {Helianthus annuus}). 26. Root crops and other 
comparable forages (incl. rape {Brassica napus}, Jerusalem 
artichoke, chufa {Cyperus esculentus}, and cassava).
 The Introduction (p. 1) states: “1.–Forage includes 
any vegetable matter, fresh or cured, eaten by herbivorous 
animals, such as grain, hay, pasturage, green feed, roots and 
silage. The term feed is synonymous with forage, although 
sometimes restricted to grain. Fodder and stover are also 
identical in original meaning, but in the United States are 
used with special signifi cations.
 “Forage crops include only those plants grown primarily 
for feed and of which animals consume all or much of the 
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vegetative parts; that is, herbage, or roots. Most cereal 
crops are also grown for hay, pasturage or silage, and when 
thus grown may be considered forage crops. Several plants 
cultivated in other regions as cereals are in the United States 
grown mainly or wholly for forage. Among these are the 
grain sorghums, penicillaria, foxtail millet and proso or 
broom-corn millet. The distinction between cereals and 
forage crops in such cases is arbitrary. Such a plant is a 
cereal when grown primarily for the grain, and a forage 
when grown primarily for the herbage.
 “Fodder (German futter) really means the same as feed. 
In the United States the term is used mainly in reference to 
corn cut before the plant is fully mature, and from which the 
ears are not removed. The stems and leaves when dried and 
after the ears are removed is called stover. In the Southern 
States the term fodder is applied to the dried leaves and tops 
of the corn plant, removed while green, and before the ears 
are fully mature.
 “The terms fodder and stover are also used in connection 
with the sorghums and similar coarse grasses.
 “Hay consists of the entire dried herbage of 
comparatively fi ne-stemmed grasses or other forage plants. 
It is commonly dried or cured in the sun, but artifi cial drying 
apparatus has been used.” Address: M.S., Agrostologist 
in Charge of Forage Crop Investigations, Bureau of Plant 
Industry, USDA [Washington, DC].

394. Piper, Charles V. 1914. Soybeans (Document part). 
In: C.V. Piper. 1914. Forage Plants and Their Culture. New 
York, NY: MacMillan Co. xxi + 618 p. See p. 513-38.
• Summary: Contents: Introduction. Agricultural history. 
Botany. Description. Soil adaptations. Climatic adaptations. 
Importance. Desirable characters in soybean varieties. 
Commercial varieties. Preparation of soil and cultivation. 
Rate of seeding. Time of seeding. Method of seeding. 
Depth of planting. Inoculation. Life period. Time to cut for 
hay. Hay yields. Fertilizers. Soybean mixtures: Soybeans 
and corn, soybeans and cowpeas, soybeans and sorghums, 
soybeans and Johnson-grass, soybeans and millet. Silage. 
Rotations. Feeding value of soybean hay. Seed-production. 
Pollination. Seed yield. Seeds. Pests. Breeding. Soybeans 
and cowpeas compared.
 “The soybean is the most productive as regards seed of 
any legume adapted to temperate climates.”
 “The soybean was fi rst cultivated in the United States 
in 1829, but it apparently attracted but little attention until 
1854, when two varieties were brought back from Japan 
by the Perry expedition. Other varieties were introduced 
from time to time, among them the Mammoth, which 
was introduced previous to 1882. It is largely due to the 
introduction of this variety that the soybean has become 
an important crop in the United States, as a very large 
percentage of the acreage is still planted to this variety. 
Between the years 1900 and 1910, the United States 

Department of Agriculture introduced about 250 varieties 
from all portions of the Orient” (p. 513-14).
 “At the present time about fi fteen varieties of soybeans 
are handled commercially by seedsmen, the most important 
of which are Mammoth, Hollybrook, Haberlandt, Medium 
Yellow, Guelph, Ito San, Wilson and Peking.” A fairly 
detailed description of each variety is given (p. 519).
 Pollination (p. 533): “The soybean fl ower is completely 
self-fertile, bagged plants setting pods as perfectly as those 
exposed. The fl owers are much visited by bees, which seek 
principally the pollen, as the soybean fl ower secretes but 
little nectar. Pollination occurs even before the fl ower opens, 
but nevertheless occasional cross-pollinations occur where 
different varieties are grown in close proximity. Such natural 
hybrids can often be detected by the fact that the seeds of 
heterozygote plants present queer combinations of color, 
such as smoky green, smoky yellow, brown and yellow and 
black banded. In the course of varietal trials at Arlington 
Farm, Virginia, extending over fi ve years, many such natural 
hybrids were secured, and similar crosses occurred at the 
Kansas Experiment Station.”
 Concerning seed yield (p. 533): “When grown for seed, 
the best varieties under proper culture yield from 30 to 40 
bushels of seed to the acre. A maximum yield of 50 bushels 
to the acre has been reported from North Carolina.” A table 
(p. 534) shows the yields reported for 10 varieties from 
Arlington Farm, 7 other U.S. states, and Guelph, Ontario, 
Canada. The varieties are: Mammoth, Hollybrook, Guelph, 
Ito San, Haberlandt, Medium Yellow, Wilson, Peking, Ebony, 
and Chernie. The states are Tennessee, Kentucky, Delaware, 
Indiana, Ohio, Arkansas, and Virginia.
 The section titled seeds (p. 534-35) notes: “Soybean 
seeds do not retain their viability well, and it is not advisable 
to sow seed two years old without previously testing. Unless 
care is exercised in properly curing and storing, soybean 
seeds are apt to heat and thus quickly have their viability 
destroyed. A small percentage of the seed will under 
favorable conditions retain its viability four or fi ve years, and 
this has been found to vary according to variety, as shown in 
the table:”
 This table gives the viability of the seeds of 12 soybean 
varieties, grouped by color, in approximately descending 
order of viability after 4 years. Those with the highest 
percentage viability are all black in color: Shanghai, Chernie, 
Baird, Fairchild, Jet, Ebony (these fi rst 6 are black-seeded), 
Tashing, Guelph (green), Brownie, Ito San, Haberlandt, and 
Mammoth (these last 3 are straw yellow). For the variety 
Shanghai, 99.0% of the seeds are viable after 1 year, 93.0% 
after 2 years, and 43.5% after 4 years. After 1 year, the 
viability was greater than 90% for most varieties. After 4 
years, black-seeded soybeans had by far the best viability, 
ranging from 4.0% to 46.5%.
 Note 3. This is the earliest English-language document 
seen (March 2003) that uses the term “viability” to refer to 
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germinability or germination rate.
 “Pests.–Soybeans are troubled by few serious enemies. 
On the whole, rabbits are most troublesome, as they are 
extravagantly fond of the herbage, and where they are 
abundant soybean culture is practically impossible. At the 
Tennessee Experimental Substation at Jackson, rabbit injury 
was much reduced by using scarecrows, to each of which a 
lantern was hung at night.
 “Rootknot caused by a nematode (Heterodera 
radicicola) often injures soybean considerably, but more 
damage is caused by cowpea wilt, due to Fusarium.
 “Caterpillars sometimes eat the leaves, but the loss from 
such insects is seldom serious.
 “On the whole it may be said that no insect or fungus 
pest [disease] has yet assumed any great economic 
importance in connection with the culture of the soybean.” 
Illustrations (line drawings, both non-original) show: A 
typical soy bean plant, with a close-up of a cluster of pods 
(p. 514). Roots of a soybean plant, showing nodules (p. 525). 
A black-and-white photo (Plate VIII, facing p. 510) shows 
the seeds of ten soybean varieties. Address: Agrostologist 
in Charge of Forage Crop Investigations, Bureau of Plant 
Industry, USDA.

395. Piper, C.V. 1914. Fundamental principles in agronomy. 
J. of the American Society of Agronomy 6(6):227-41. Nov/
Dec.
• Summary: “(Presidential address before the American 
Society of Agronomy, November 10, 1914.)”
 “Page 228: “In this effort to enumerate what the writer 
regards as principles or fundamental generalizations, the 
scope is limited to the plant side of the subject; that is, 
crop production. In attempting to formulate such a list of 
generalizations, various questions arise, such as their relative 
importance and the suffi ciency of evidence as to the validity 
of each. More striking, perhaps, is the fact that nearly all 
such generalizations, to be true, must needs be stated so 
broadly that except for pedagogical purposes, it is diffi cult 
to see wherein they possess much value. If, however, we are 
to continue to refer to principles or fundamental problems of 
agriculture, we ought to reach some agreement as to what is 
meant in terms more concrete than are commonly used.
 “After some consideration I have been able to formulate 
18 such generalizations that appear to me to possess 
fundamental importance. They are, however, of very unequal 
values, viewed either from the theoretical or the practical 
standpoint. Some of them are very simple and essentially 
axiomatic.”
 Pages 236-37: “11. The nitrogen content of the soil is 
most cheaply maintained by keeping up the supply of humus 
and especially by growing legumes, which alone of crop 
plants can utilize atmospheric nitrogen.
 The discovery by Hellriegel, in 1887, of the method by 
which legumes are able to fi x atmospheric nitrogen is with 

little doubt the most important agronomic advancement made 
in the past forty years. It was previously known, however, 
that legumes could obtain more nitrogen than was present 
in the soil. The value of legumes for green manure or for 
rotations was known to the ancient Romans and their general 
use in India and China indicates that it was practiced in these 
countries in ancient times. In modern agriculture the effect of 
Hellriegel’s discovery has been to emphasize the importance 
of legumes in cropping systems and thus to increase their 
use.
 “Agronomic data in regard to the relative fertilizing 
value of legumes in which there is a choice, such as the 
cowpea and the soybean; red clover, alfalfa and melilot; 
crimson clover and vetch; are far from satisfactory. Thus far 
the only method of measuring their values in this regard has 
been the effect on the subsequent crop. No method has yet 
been devised to determine the actual quantity of atmospheric 
nitrogen that different legumes may be able to fi x under 
comparable fi eld conditions. There is, however, general 
belief that the best legume to grow for such purpose is the 
one which will produce the cheapest unit of yield in dry 
matter.
 “Perhaps the most fascinating problem in regard to 
root nodules is their peculiar systematic distribution. They 
occur on the roots of fi ve widely distinct families of plants, 
in each case being caused by apparently the same organism. 
Theoretically there seems no good reason why they should 
not become adapted to grow on the roots of all plants.”
 Note 1. Page 278 states that “the tenth and last paper 
on the program address of the retiring president, Prof. C.V. 
Piper, entitled ‘Fundamental Principles in Agronomy,’ was 
delivered and the Society adjourned, sine die. [i.e., with no 
appointed date for resumption].
 Note 2. A table on p. 280 of this issue shows the 
membership in the Society of Agronomy increased from 121 
in 1908 to 397 in 1914. And “C.V. Piper was made chairman 
of the editing committee.” Address: U.S. Dep. of Agriculture, 
Washington, DC.

396. Krueger, R. 1914. Beiträge zur Artenfrage der 
Knöllchenbakterien einiger Leguminosen [Contributions to 
the species question of the nodule bacteria of some legumes]. 
Inaug. Diss. Leipzig, 56 p. [Ger]*

397. Boss, Andrew. 1914. Farm management. Chicago and 
New York: Lyons & Carnahan. 237 p. Illust. Index. 20 cm. 
[20+ ref]
• Summary: Soybeans are mentioned on pages 96, 99, 106, 
228, 231.
 Chapter 9, “Crops and crop rotation,” in section 74 titled 
“Farm crops classifi ed,” states (p. 96): Farm crops may be 
thrown into three rough groups, for the purpose of arranging 
crop rotations; (1) grain crops; (2) grass crops; (3) cultivated 
crops.
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 “The grain crops include wheat, oats, barley, fl ax, rye, 
and such other cereals as may be grown for the mature 
grain. The roots of all of these crops are shallow and feed 
near the surface. A part of the plants, the stubble, is returned 
to the soil and the crop may be said to be neutral as to the 
destruction of vegetable matter in the soil.
 “The grass crops include timothy, red top, blue grass, 
bromus, orchard grass, rye grass, and others of the true 
grasses. Included with them are the clovers, alfalfa, cow 
peas, soy beans and such other leguminous crops as are 
ordinarily grown for forage. These crops produce a large 
amount of leaves, many of which are broken off and returned 
to the soil. The roots of the clovers and alfalfa penetrate 
deeply and aid materially in renovating and aerating the 
soil. The crowns and roots of all of these plants are large, 
and when plowed under or allowed to decay in the soil, add 
considerable vegetable matter. These crops are useful also in 
keeping down weeds and encouraging the production of live 
stock, thus providing manures for the land. The grass crops 
may be said to increase the vegetable matter in the soil.”
 Page 99 (same chapter): “A four-year rotation of (1) 
corn, with cow peas, soy beans, or clover as a catch crop 
(clover sown at last cultivation); (2) oats, with wheat seeded 
in the fall; (3) wheat, with clover seeded in the spring; 
(4) clover (fi rst crop used for hay, and second for seed or 
pasture) is recommended.”
 Chapter 10, “Soil management,” in section 82 titled 
“Supplying vegetable matter,” states (p. 105-06): “There 
are three ways of supplying vegetable matter, (1) By raising 
green crops which can be plowed under. Such crops as rye, 
wheat, barley, or oats may be used for the purpose. Even 
a rank growth of weeds can be satisfactorily used though 
it is not advisable to grow them. The annual grain crops, 
however, develop small root systems and do not penetrate so 
deeply as the alfalfa and clovers. For this reason, they are not 
so satisfactory for green manure crops. Dwarf Essex rape, 
cow peas, soy beans, Canada fi eld peas, and other annual 
crops are successfully used. (2) The grass crops, such as 
timothy, orchard grass, bromus, and the legumes, particularly 
the clovers and alfalfa used for hay and pasture crops, are 
very satisfactory for plowing under to enrich the soil. The 
clovers and alfalfa especially, develop large root systems and 
penetrate deeply. When properly inoculated with nitrifying 
bacteria, the plants are enabled to use the nitrogen of the air 
in building plant tissue. When the roots of the plants decay 
in the soil, it is consequently enriched. A soil which grows 
frequently such crops as medium red clover, alsike clover, 
or alfalfa, is likely to be well supplied with vegetable matter 
and when sown or planted to other crops, will give large 
yields.”
 In the Appendix, the section on “Fertility in farm 
produce” contains a table (p. 228) with that same title. For 
soy beans, soy bean straw, and soy bean crop it gives the 
individual and combined market value per acre each year 

of the nitrogen ($23.85 combined), phosphorus ($0.63) and 
potassium ($4.38) for a total market value of $28.86. The 
only crops that produce a higher market value for these three 
elements are: Clover hay $31.80, and Cotton crop $31.00. 
Source of table: Soil Fertility and Permanent Agriculture, by 
Hopkins (Ginn & Co.). Alfalfa hay $72.60.
 A table titled “Digestible nutrients in American feeding 
stuffs” (p. 231), under “Concentrates” gives values for 
“Soy beans” as follows: Total dry matter in 100 lb.: 88.3. 
Digestible nutrients: Crude protein: 29.1. Carbohydrates: 
23.3. Fat: 14.6. Source of table: Feeds and Feeding, by 
Henry.
 Note: Andrew Boss lived 1867-1947. Address: Prof. of 
Agriculture and Farm Management, and Chief of the Div. of 
Agronomy and Farm Management, College of Agriculture, 
Univ. of Minnesota.

398. Interim Report on the Agricultural Department, 
Grenada. 1914. Agricultural experiments. p. 1-3. For the 
year 1913-14. Issued by the Imperial Commissioner of 
Agriculture for the West Indies. [1 ref]
• Summary: A table (p. 1) states that experiments with two 
types of soy beans are now being conducted at the Botanic 
Gardens in Grenada.
 The section titled “Green dressing. Soy beans” (p. 3) 
states: “It will be remembered that trials were made with 
this crop in 1910 on several estates in the island with little 
success, as the plants grew weedily and gave little or no 
seed. In February 1913, a bed at the Botanic Gardens was 
made up with a mixture of sand and soil imported from a 
fl ourishing soy-bean fi eld, and imported seed was planted 
therein. The beans made fair growth and yielded 10 oz of 
seed on 55 square feet (= 495 lb/acre or 8.25 bu/acre), the 
roots being well covered with bacterial nodules.” Additional 
trials were conducted in June 1913, comparing imported seed 
with native (fi rst generation) seed.
 “These results, on the whole, appear to indicate that it is 
possible to naturalize the soy-bean in Grenada, if precautions 
are taken to inoculate the fi eld with soil from a thriving fi eld, 
and the trial is being repeated. The bean is in fair demand in 
foreign markets as a source of oil.”
 Note 1. This is the earliest document seen (Dec. 2008) 
concerning soybeans in Grenada, or the cultivation of 
soybeans in Grenada. This document contains the earliest 
date seen for soybeans in Grenada, or the cultivation of 
soybeans in Grenada (1910). The source of these soybeans is 
unknown. This article was summarized in the Bulletin of the 
Imperial Institute. 1915. 13(4):649. Oct/Dec.
 Note 2. Grenada is an island in the British West Indies, 
in the southern Windward islands. An independent member 
of the Commonwealth since 1974. Capital: St. George’s. 
Area: 133 sq. miles. Population: 110,000. Address: West 
Indies.
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399. Lewis, Harry R.; Clark, Alexis L. 1914. Report of 
the Poultry Husbandman. New Jersey State Agricultural 
Experiment Station, Annual Report 34:209-90. For the year 
ending Oct. 31, 1913. See p. 241-43.
• Summary: The section titled “Soy beans as green forage” 
(p. 241-42) states that soybeans (Ito San variety) were 
used with good results as a green forage for chickens. This 
variety was found to be “well adapted to the soil and climatic 
conditions in New Jersey... they produce a continuous 
supply of succulent green food from the middle of August 
until frost in the fall, which was in this case November 
3d...” The soy beans produced a liberal amount of shade 
for the growing chickens. In addition, they “improved the 
soil by increasing its store of nitrogen, also by improving 
its physical condition, which in turn will make possible the 
growing of increased amounts of other crops.” Since the “soy 
bean pods were not eaten by the birds, it may be possible by 
disking and rolling to reseed in the spring, utilizing thereby 
the seeds produced in the previous season. The results of the 
observations warrant the recommendation that soy beans 
should be more generally used as a green succulent crop for 
poultry, both on the range and in the poultry yards, especially 
when double yarding is used. They should be planted in 
rows and cultivated until they reach a height of about ten 
inches.” Photos show: (1) Great mass of leaf growth on 
soybean plants on Nov. 2 before a night frost destroyed them 
and rendered them useless as green food. (2) Same area on 
Nov. 7 after frosted leaves had mostly fallen. Note the pods 
attached to the upright stalks. (3) Cockerel range on soy bean 
forage. Address: 1. Poultry Husbandman; 2. Asst. Poultry 
Husbandman. Both: New Brunswick, New Jersey.

400. Lipman, Jacob G.; Blair, A.W.; McLean, H.C.; Merrill, 
L.F. 1914. Report of the Soil Chemist and Bacteriologist. 
New Jersey State Agricultural Experiment Station, Annual 
Report 34:419-86. For the year ending Oct. 31, 1913. See p. 
472-73.
• Summary: In Part III, titled “Continuous growing of wheat 
and rye–1913,” page 472 states that in 1913, soy beans 
were used in 1913 instead of cow peas in trials were wheat 
was followed by a green manure plus minerals. Table V, 
titled “Wheat and rye, with and without legumes” (p. 473) 
shows that when wheat or rye are followed by soy beans, 
“the yields of grain are just about twice as great from the 
legume plots as they are from the plots which did not grow 
a legume.” The legume, used as a green manure, adds “to 
the soil enough humus and nitrogen to more than double the 
yield.” Two photos show a man standing in a fi eld on which 
continuous wheat was grown, with and without a legume. 
Address: 1. Ph.D., Director of the Station, New Brunswick, 
New Jersey.

401. Simon, Josef. 1914. Ueber die 
Verwandtschaftsverhaeltnisse der Leguminosen-

Wurzelbakterien [The degree of relationship among legume 
root bacteria]. Zentralblatt fuer Bakteriologie. Series 2. 
41:470-79. [7 ref. Ger]
• Summary: Leonard (1923) states that Simon (1914) failed 
to fi nd nodules on the soy bean. And as a result of pure 
culture studies, Simon concluded that Bacillus radicicola 
from soy bean does not cross inoculate with lupins and other 
legumes, but his series of plants does not include members of 
the cowpea group.

402. Stone, Wm. McD. 1914. Soybeans and corn: A treatise 
on the most valuable of the farm crops of Ohio. Also 
practical suggestions for the improvement of soils through 
scientifi c use of lime and legumes. Alliance, Ohio: The 
Review Press. 52 p. See p. 1-18. Illust. 23 cm.
• Summary: Contents: A square deal (the motto for doing 
business). Northern Ohio Acclimated Seeds (the company, 
located about 40 miles south of Lake Erie, has been growing 
soybean seed here for several years and corn for about 30 
years). Introduction (Two key subjects which will receive 
much more attention in the future are “a cheap source of 
protein for live stock and a cheap source of nitrogen for the 
soil. Solve these two problems and the problem of reducing 
the high cost of living is also solved.” Soybeans represent 
the solution). The soybean and protein problem. Soybeans 
for ensilage: Inoculation, methods of planting soybean-
silage fi elds (uses the word “soys” repeatedly to refer to 
soybeans). Soybeans for hay. The soybean and nitrogen 
problem. Growing a crop of soys. Soybean varieties (“that 
we grow and sell”): The Medium Green or Guelph soy. The 
Mammoth Yellow soy. Stone’s Roosevelt soy (“This variety 
of soys we introduced to the seed trade in 1912 as a good all 
around general purpose grain grower.” Yields 27-35 bushels/
acre. Small seeded.) Black Beauty soy (“In 1933 it gave 
us a yield of about 33 bushels per acre in our test plot and 
ripened earlier than Ito San,...”). The Peking soy (small, fl at, 
black seeded; the plants grow very tall). The Ohio 7455 soy 
(a pedigreed strain of Medium Early Brown bred by Prof. 
C.G. Williams of Ohio Agric. Exp. Station, Wooster, Ohio. 
Another good pedigreed strain is Ohio 7403). Address: 
Soybean and Corn Specialist, Atwater, Portage County, Ohio.

403. Wilson, Archie Dell; Warburton, Clyde William. 1914. 
Field crops. 3rd ed. St. Paul, Minnesota: Webb Publishing 
Co. 544 p. Illust. Index. 20 cm.
• Summary: This books is designed for use as a text book. 
In Part III–Forage crops, in Chapter 20 titled “Miscellaneous 
legumes” is a section on “The soy bean” (p. 397-400). Its 
contents: Origin and description. Importance. Growing the 
crop. Harvesting. Uses of the plant. An illustration (p. 398) 
shows a soy bean plant, including the nodules on the roots.
 Also contains chapters or sections on fl ax, alfalfa, 
cowpeas, and peanuts. Address: 1. Superintendent of 
Institutes and Agricultural Extension, College of Agriculture, 
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Univ. of Minnesota; 2. Agronomist, Bureau of Plant Industry, 
USDA. Both: St. Paul, Minnesota.

404. Wilson, James Kenneth. 1914. Physiological studies 
of Bacillus radicicola of soybean (Soja max, Piper) and of 
factors infl uencing nodule production. PhD thesis, Cornell 
University. 75 leaves. In: Library of Congress. Catalog Div. 
A List of American Doctoral Dissertations Printed in 1912-
1932. 1917. [17 ref]*
• Summary: Note: This is the earliest document seen (Jan. 
2011) in which the scientifi c name Bacillus radicicola is 
given to the soybean nodule bacteria. Address: Cornell Univ.

405. Wing Seed Co. 1914. Alfalfa: And how to grow it (Mail 
order catalog). Mechanicsburg, Ohio. 64 p. Illust. Index. 23 
cm.
• Summary: The Introduction states that this is The Wing 
Seed Company’s “Eighth Annual Catalog.” The copyright 
date is 1913. “We realized the value of Soy Beans ten years 
ago, experimented with them several years, were fi rst to push 
their sale, and fi rst to offer pedigreed seed grown especially 
from high yielding plants, tested the most promising varieties 
out of all the Government’s importations of several hundred, 
selected just the very best ones adapted to the Corn Belt, and 
discarded those which were not suitable.”
 On page 2 is a guarantee, prices, shipment, and 
important suggestions. A long section titled “Soy beans” (p. 
17-24) gives detailed information on this plant including: 
Introduction. Time of planting and cultivation. Inoculation. 
Harvesting for grain. Making soy bean hay. Varieties: 
Wing’s Mikado (has a record in test plot of 37 bushels/acre, 
and in the fi eld will make 30 bushels/acre under favorable 
conditions), Wing’s Mongol (secured in 1908. “We believe 
this bean will make 30 bushels to the acre under favorable 
conditions”), Wing’s Sable (secured in 1908), Wing’s Extra 
Select Sable, Jet (has a test plot record of 32 bushels/acre), 
Peking, Wing’s Extra Select Peking, Wilson (excellent for 
forage), Ito San (Especially adapted to latitude 41½ degrees, 
or north of that), Mammoth (will rarely mature seed north of 
the Ohio River).
 The section on soy beans begins (p. 17): “If you will 
carefully study the statistics in our table of analyses, page 42, 
you will see why this crop deserves to take such prominence. 
It will then be seen that the beans have a higher protein 
content than oil meal, that the hay from them has a higher 
protein content than Alfalfa. Note also the splendid amount 
of fat in the grain.” “We know of no plant having a wider or 
more useful range of possibilities than the Soy Bean. When 
one stops to think of the great feeding value of the grain, 
of the entire plant’s being very valuable for forage, of its 
being a legume and a heavy gatherer of nitrogen to the soil, 
and that it is by no means diffi cult to grow nor exacting as 
to the kind of soil it requires, he is bound to realize that it 
occupies a position unique among all our crops. Not only is 

the grain as nourishing as oil meal, but it is as greedily eaten 
as corn, and as easily digested as any grain we have ever fed. 
Moreover, there seems to be a tonic effect about the entire 
plant, and stock fed either the grain or the forage become full 
of life and energy as with no other grain we have ever used.”
 At the end of the section on “Inoculation” we read (p. 
21, in boldfaced type): “Soil for inoculating Soy Beans 
may be obtained from A.A. Parsons, Plainfi eld, Indiana, at 
a cost of 75 cents per 100 lbs. The Farmers’ Exchange of 
Schellburg, Pennsylvania, also has it for sale.”
 Photos show: (1) Two children (they look like girls age 
4 and 7) “Testing the soy bean test plots. Wing Seed Co.’s 
trial grounds.” (2) Large, individual photos of uprooted 
plants of the following soy bean varieties bearing pods: 
Wing’s Mikado (2), Ito San, Wing’s Sable (2), Jet, Wing’s 
Mongol, Wing’s Sable. (3) Two children standing in “A fi eld 
of Peking soy beans just ripening. This looks like 30 bushels 
per acre.”
 The “Index” (p. 64) states that a bushel of “Beans, Soy 
(Glycine Hispida)” weighs 60 lb. If sowing alone, plant ¼ to 
3 bu/acre. Address: Mechanicsburg, Ohio.

406. Wing Seed Co. 1915. Wing’s seed book: Grower’s of 
the best fi eld, garden and fl ower seeds (Mail order catalog). 
Mechanicsburg, Ohio. 97 p. Jan. 1. Illust. Index. 25 cm.
• Summary: Joseph E. Wing was a soybean pioneer and this 
catalog contains a fairly long section on the “Soy bean” (p. 
15-19, plus photos on p. 20-21) with the following contents: 
Introduction. Soys in corn (for silage or hogging off): Time 
of planting and cultivation, inoculation (“We can furnish 
Nitragin artifi cial inoculation for Soys at $2.00 per acre; 
fi ve acres for $9.00”). Harvesting for grain (Wing fi nds the 
McCormick self-rake to be the ideal machine). Making soy 
bean hay.
 Varieties: Wing’s Mikado (“A splendid variety, a little 
better adapted to grain than hay.” Yields: 37 bu/acre record 
in test plot, 30 bu/acre under favorable conditions), Wing’s 
Mongol (Secured in 1908, “very similar to Wing’s Mikado, a 
remarkably heavy yielder of grain”), Wing’s Sable (“Secured 
by us in 1908 and considerably improved by us since that 
time”), Wing’s Extra Select Sable, Jet (“Has a test plot 
record of 32 bushels/acre”), Wilson (“in some ways excels 
all our others as a forage bean. On very rich soil we have 
seen it grow eight feet tall”), Ito San (“An old standard 
variety, one of the fi rst and best sorts grown in the United 
States. Especially adapted to latitude 41½ degrees, or north 
of that. A heavy yielder of grain, should make 20 bushels 
per acre”), Mammoth (“will rarely mature seed north of 
the Ohio River”), Ohio No. 9035 (“Originated by the Ohio 
Experiment Station, and by our tests the best bean they 
have put out”), Medium Green (“We list variety, not that 
we consider it equal to many of our other sorts, but because 
there is a demand for it”).
 At the end of the section on “Inoculation” we read (p. 
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17): “We can furnish Nitragin artifi cial inoculation for Soys 
at $2.00 per acre; fi ve acres for $9.00.
 “Soil for inoculating Soy Beans may be obtained 
from A.A. Parsons, Plainfi eld, Indiana, at a cost of 75 
cents per 100 lbs. The Farmers’ Exchange of Schellburg, 
Pennsylvania, also has it for sale.”
 Index of fi eld seeds (p. 34). Index of fi eld seeds, 
miscellaneous, vegetables, fl ower seeds, and plants and bulbs 
(inside back cover).
 At the bottom of the cover is written: “Pioneer alfalfa 
growers in Ohio.” The introduction to the soy bean section 
begins: “If you will carefully study the statistics in our 
table of analyses [p. 26-27, 32], you will see why this crop 
deserves to take such prominence. It will be seen that the 
beans have a higher protein content than oil meal, that the 
hay from them has a higher protein content than Alfalfa. 
Note also the splendid amount of fat in the grain. Add to this 
the fact that with the new varieties it is easily possible to 
secure two or three tons of dry hay per acre; that from twenty 
to thirty bushels of seed per acre are frequently reported; that 
the plant is a legume and adds fertility to the soil fully as 
rapidly as the clovers or other legumes; that it will grow on 
soil too poor or acid for the easy success of Alfalfa; and you 
have a splendid combination, certainly qualities that are hard 
to excel with any of our cultivated crops.
 “We know of no plant having a wider or more useful 
range of possibilities than the Soy Bean.”
 “We believe that we are the largest retailers of Soy 
Beans in the United States. Possibly we retail as many as 
all the rest of the dealers put together. We believe, also, 
that we are spending more money to test varieties of these 
beans to ascertain which are the good ones, and to perfect 
them, by plant row breeding and selection, than any other 
fi rm in the United States. We think that we can see decided 
improvements in our varieties from the breeding work which 
we have done with them” (p. 18).
 “Special advice: Our Mr. Joseph E. Wing has spent the 
greater part of his life in traveling, studying soils and plants 
under almost all conditions, not only in every state of the 
union, but in foreign countries as well. He is familiar with 
the work that is done at nearly all Experiment Stations as 
well as that which has been done in Washington [DC],...” (p. 
32). The page titled “Price list of books” (p. 33) describes 
three books written by Joseph E. Wing: Alfalfa in America, 
Meadows and Pastures, and In Foreign Fields.
 A half-page ad states “Inoculate with Nitragin” (p. 
32). “The fi rst to appreciate the wonderful possibilities of 
legume bacteria were Doctors Nobbe and Hiltner, of the 
Royal Agricultural College, of Munich, Germany. For years 
they experimented and fi nally succeeded in breeding in their 
laboratory, strong, healthy, vigorous nitrogen-gathering 
germs. Realizing that their wonderful discovery meant a 
world benefi t only when the practical farmer could make use 
of it, Nobbe and Hiltner evolved a way of packing the germs 

in a medium that insured successful delivery to the farmer–
the germs absolutely guaranteed to be as strong, healthy and 
vigorous as when they left the laboratory.
 “This process is called the Nobbe-Hiltner Process; 
the produce is called ‘Nitragin,’ the trademark name that 
distinguishes the original Nobbe-Hiltner Pure Culture from 
imitations all over the world.”
 “’Nitragin’ Pure Culture has been used in Germany 
for 17 years. Last year it was used on more than a million 
acres. This year you should use it on your Clover, Alfalfa, 
Cow Peas, Soy Beans, Vetch, Field Beans, Garden Peas and 
Beans–in fact on all legumes.
 “Remember, each legume requires its own particular 
kind of bacteria. A special strain of ‘Nitragin’ Pure Culture 
is prepared for each legume. In ordering to be sure to name 
crop desired.” The inserted price list has 3 categories of 
Soys, each sold in amounts of 1 lb, 10 lb, 60 lb (1 bushel), 
100 lb, 5 bushels, or 10 bushels. The price of 1 bushel is 
$3.25 for Extra Select Sable or Wilson, $2.65 for Mammoth, 
and $2.75 for all other varieties.
 Tables show: (1) Draft on soil of various plants when 
tops are harvested and entirely removed, plus estimated 
yield. Four entries are given for soy beans–Inoculated and 
not inoculated, cut for hay or for grain. The draft (amount 
removed) and value of the draft is given for nitrogen 
and phosphoric acid (p. 26). (2) Effect on soil of various 
leguminous crops when entire tops are returned to it (p. 27). 
(3) Protein production of various leguminous plants (p. 27). 
(4) Analyses of American feeding stuffs. Photos show mature 
uprooted plants: Soy bean–Wing’s Mikado. Ito San: Fully 
ripe and ready to harvest. Wing’s Mikado, with many pods. 
Wing’s Sable. Jet. “Field of Wing’s Extra Select Sables. The 
tall plants which the children are holding are Wing’s Royal 
[a synonym for Peking], a forage variety growing six feet 
tall, which will be ready to market in 1916.” Field of Ohio 
9035 soys; the come up to the shoulders of two young girls 
standing in the fi eld (p. 20). Address: Mechanicsburg, Ohio.

407. Morse, W.J. 1915. Soy beans in the cotton belt. Special 
(USDA Offi ce of the Secretary) 6 p. Jan. 12 [No. 21]. Later 
issued on 10 March 1917 under the same title, but slightly 
revised and expanded, as USDA Cooperative Extension 
Work in Agriculture and Home Economics, States Relations 
Service No. A 85. S.R.S. Doct. 43. Ext. S.
• Summary: Contents: Introduction. Adaptations. Soil 
preparation. Fertilizers. Inoculation. Seeding and cultivation. 
Rotations. Mixtures. Varieties. Soy beans for hay. Soy beans 
for pasture. Soy beans for soiling. Soy beans for ensilage. 
Soy beans for seeds. Storing soy beans. Value for human 
food. Soy-bean oil and cake.
 “The soy bean, also called the soja bean and the 
Manchurian bean, is an erect, rather hairy, leguminous plant, 
resembling somewhat the common fi eld or navy bean... It 
will succeed in the United States wherever corn or cotton are 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   220

© Copyright Soyinfo Center 2018

cultivated. It is especially adapted to the cotton belt...
 “The use of commercial fertilizers is recommended 
where sandy soil predominates or the soil is of low fertility. 
Where fertilizers are used, good results have been obtained 
by using a dressing of stable manure of 200 to 300 pounds 
of acid phosphate and 100 pounds of muriate of potash... 
Lime has been found almost invariable to increase the yield... 
Inoculation may be almost certainly secured by applying soil 
from an old soy-bean fi eld...
 “Varieties: At the present time about 15 varieties of soy 
beans are handled commercially by seedsmen, the important 
of which are Mammoth (late), Hollybrook (medium late), 
Haberlandt (medium late), Medium Yellow (medium), 
Ito San (early), Guelph (medium), Barchet (late), Ebony 
(medium late), Peking (medium late), and Wilson (medium 
late). All of these varieties, with the exception of Barchet, 
are suitable for hay and seed production. The Barchet is 
especially adapted for hay and green manure in the Gulf 
States. For seed production alone the Mammoth, Hollybrook, 
and Haberlandt are to be recommended, while the Wilson, 
Peking, and Ebony are better adapted for hay” (p. 4).
 “Soy beans for seed: Thus far soy beans have been a 
very profi table crop when grown for seed, but the industry 
has been developed mainly in a few in sections, such as 
eastern North Carolina... For feeding to animals the seed 
is ground and used with some less concentrated feed. 
Experiments comparing soy-bean meal and cottonseed meal 
indicate that soy-bean meal is superior to cottonseed meal 
both for milk and butter production” (p. 5).
 “Value for human food (p. 6): Although soy beans 
have attracted attention from time to time in the U.S., thus 
far they have been but little used. The beans contain but a 
trace of starch and they are highly recommended as a food 
for persons suffering from diabetes. The numerous ways in 
which the soy bean can be prepared as human food should 
encourage its use.
 “The green bean when three-fourths to full grown has 
been found to compare favorably with the butter or Lima 
bean. The dried beans are used like the fi eld or navy bean in 
baking or in soups. When prepared in either of these ways 
the beans require somewhat longer soaking and cooking. 
The soy bean has been sold in this country to some extent 
as a coffee bean. When roasted and prepared it makes an 
excellent substitute for coffee.
 “Soy-bean meal or fl our may be used as a constituent of 
biscuits, muffi ns, and bread; in fact, in any recipe where corn 
meal is used. In the various preparations three-fourths soy 
fl our or meal and one-fourth wheat fl our are recommended.” 
Note 1. Subsequent publications by Morse show that one-
fourth soy fl our or meal and three-fourths wheat fl our are 
recommended”
 “The oil is utilized to a great extent in Europe and the 
United States for culinary purposes, as a paint oil, in soap 
manufacture, and in many other industries” (p. 6).

 Note 2. This is the earliest document seen (June 2009) 
in which William Morse refers to what are now called green 
vegetable soybeans; he uses the term “green bean” and 
compares them with the “butter or Lima bean.” This is also 
the earliest document seen (June 2009) in which William 
Morse refers to “soy-bean fl our,” or to the use of roasted soy 
beans as a coffee substitute.
 Note 3. This is the earliest English-language document 
seen (Sept. 2016) that uses the term “soy-bean meal” to 
refer to ground, defatted soybeans. Address: Scientifi c Asst., 
Forage-Crop Investigations, USDA Bureau of Plant Industry, 
Washington, DC.

408. Morse, William J. 1915. Soy bean (Soja max). USDA 
Bureau of Plant Industry, Forage Crop Investigations, 
[Offi ce Circulars] No. 19. Jan. 13. 4 p.
• Summary: “The soy bean, called also soja bean, 
Manchurian bean, and stock pea (eastern North Carolina), 
is an erect, rather hairy, leguminous plant. It is grown 
extensively in China and Japan, principally as human 
food, but also for forage and as green manure. Within the 
past few years the crop has become of special importance 
because of the large importations of beans, oil, and cake 
from Manchuria to Europe and America. The soy bean has 
a wide adaptation as to soil and climatic conditions, the 
northern limit being that of corn and the southern limit that 
of cotton. Rabbits are exceedingly fond of the young plants 
and sometimes cause serious injury where the plat [sic] 
is small, especially in semiarid regions. Although the soy 
bean is decidedly drought resistant, it is able to withstand a 
greater amount of moisture than corn or cowpeas. The soy 
bean is a valuable crop in many ways and has many points of 
superiority over the cowpea. As a forage it has higher value, 
the seed is easily harvested, and the seed is weevil proof. 
One of its most common uses is for hay, which is comparable 
to alfalfa and red clover in feeding value. The average yield 
of hay is about 2 tons to the acre. The soy bean is valuable 
as pasture for all kinds of stock, but especially profi table 
with hogs and sheep. As a soiling crop the soy bean is of 
value, yielding from 5 to 10 tons of green forage to the acre. 
Satisfactory results have been obtained by mixing soy beans 
and corn as ensilage, using three parts of corn to one part 
of soy beans. It is better to grow the two crops in separate 
fi elds and mix them in cutting. The soy bean is an excellent 
green-manure crop, greatly increasing the supply of humus 
and nitrogen in the soil. Excellent results have been obtained 
in feeding the grain as meal to dairy cows, substituting it for 
cottonseed meal or oil meal in the dairy ration. It is also a 
very profi table crop to grow for seed, as the supply seldom 
equals the demand. Under ordinary conditions the best 
varieties yield from 20 to 30 bushels of seed to the acre. On 
account of its erect growth and uniform maturity the soy 
bean is easily harvested by machinery. As a food the soy 
bean may be used as a green vegetable, the dried beans used 
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in baking or in soups, and, when roasted, as a substitute for 
coffee. Soy-bean fl our or meal may be used as a constituent 
of muffi ns, bread, or, in fact, in any dish where corn meal 
is used. In addition to their forage and food value soy beans 
contain a valuable vegetable oil utilized in various industries.
 “Inoculation: Soy beans when well inoculated add 
much nitrogen to the soil. Natural inoculation occurs quite 
generally throughout the Southern States, the proper bacteria 
seeming to be widely distributed. In localities where this 
crop has not been previously grown, however, it is advisable 
to inoculate. The inoculation of a new fi eld may be most 
certainly secured by applying soil from an old soy-bean fi eld, 
using about 300 pounds of soil to the acre or dusting the seed 
with some of the soil.
 “Culture: Soy beans succeed best on a thoroughly 
prepared seed bed. If the soil is low in fertility, an application 
of 300 pounds of acid phosphate and 100 pounds of muriate 
of potash to the acre or a dressing of stable manure will 
give the best results. As a rule, soy beans should be planted 
about the same time as corn. For seed production, planting 
in rows 30 to 48 inches apart is the best method, while for 
hay, soiling, or green manure a broadcasted or drilled crop 
furnishes a better quality of forage. Planted in rows, from 20 
to 30 pounds of seed to the acre have been found satisfactory, 
and if broadcasted or drilled, from 60 to 90 pounds to the 
acre. An ordinary grain drill may be used in planting. By 
covering the feed cups not in use, different widths of rows 
can be adjusted. The cotton planter or corn planter can also 
be used to advantage. For small areas the ordinary grain drill 
does well. The planting should be shallow, not exceeding 2 
inches in depth.
 “Harvesting: The matter of harvesting depends primarily 
on the use to be made of the crop. For hay, soy beans may be 
cut at any time from the setting of the seed until the leaves 
begin to turn yellow. The crop is best fi tted for hay when 
the pods are well formed. When grown for grain alone, the 
cutting may be delayed in the case of most varieties until 
nearly all of the leaves have fallen. The harvesting can be 
done best by a mower with a bunching attachment or by a 
self-rake reaper. The early varieties can be harvested with 
a bean harvester to advantage. The later and taller growing 
varieties can be satisfactorily harvested with a self-binder. 
If only a small area is grown, the plants may be cut with 
a sickle, or pulled, tied in bundles, and fl ailed out when 
thoroughly dry. In thrashing, the ordinary grain separator 
does very satisfactory work if run at moderate speed and 
some of the concaves are removed. Special thrashers for soy 
beans and cowpeas are now in the market and do excellent 
work.
 “Varieties: At the present time there are about fi fteen 
varieties of soy beans handled commercially by seedsmen. 
More than 500 distinct varieties are known and have been 
grown by the Department of Agriculture on its testing 
grounds. Several of these have proved very promising in 

various sections of the country and are now either on the 
market or ready for distribution. The varieties are largely 
distinguished by the color and size of seed, though they 
differ in maturity, habit of growth, etc. Variety is a matter 
of prime importance with the soy bean. Soy-bean seed 
should be selected with the idea of getting a variety suitable 
to the locality where it is to be grown, not growing the 
early varieties in the South nor the late ones in the North. 
Following are brief notes on the more important varieties:
 “Mammoth (seeds, straw yellow).–This is the standard 
commercial late variety, more extensively grown at the 
present time than any other. The Mammoth yields well and is 
satisfactory for both grain and forage. It can not be expected 
to mature north of Tennessee and Virginia.
 “Hollybrook (seeds, straw yellow).–A variety about 
two weeks earlier than the Mammoth, which can therefore 
be grown farther north. The seeds and plants are very nearly 
identical with those of the Mammoth. The Hollybrook is not 
especially desirable for hay, but is a good grain producer.
 “Ito San (seeds, straw yellow).–This variety is also 
called Yellow, Dwarf Yellow, Early Yellow, Medium Yellow, 
and Early White. It will mature in about 100 days and can 
be grown well in the Northern States. The Ito San is very 
satisfactory for forage and also produces a good yield of 
grain.
 “Guelph (seeds, green).–This variety is also known as 
Medium Green, Medium Early Green, and Large Medium 
Green. It is about two weeks later than the Ito San. The 
Guelph is grown to a considerable extent in the Northern 
States. It is esteemed for its forage, and although it gives a 
good yield of grain it shatters badly before all of the seed is 
mature.
 “Haberlandt (seeds, straw yellow).–This variety is about 
a week later than the Guelph. The Haberlandt is one of the 
most satisfactory varieties for grain production, but is not 
especially desirable for hay.
 “Medium Yellow (seeds. straw yellow).–This variety, 
sometimes sold as Ito San and Hollybrook, appears identical 
with the Mongol and the Roosevelt. It matures about the 
same time as the Guelph and is satisfactory both for hay and 
seed production.
 “Wilson (seeds, black).–This variety matures about the 
same time as the Haberlandt. It gives a good grain yield, but 
is most satisfactory for hay.
 “Peking (seeds, black).–This variety has small, fl at seeds 
and matures in about 120 days. The Peking not only gives a 
good yield of grain, but is most excellent for hay.
 “Tokio (seeds, olive yellow).–This variety is about a 
week earlier than the Mammoth. The Tokio has rather a 
stocky growth for forage, but gives a heavy grain production.
 “Manchu (seeds, straw yellow).–An early variety 
obtained from northern Manchuria, maturing a few days 
earlier than the Ito San. The Manchu gives an excellent 
production of forage and seed, excelling the Ito San in both 
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respects. Excellent results have been obtained with this 
variety in the Northern States.
 “Black Eyebrow (seeds, black and yellow).–An early 
variety obtained from Manchuria, maturing about the same 
as the Manchu. The Black Eyebrow is very satisfactory for 
both hay and seed production. It is most suitable as a grain 
variety for the Northern States.
 “Barchet (seeds. brown).–This variety requires rather 
a long season, maturing about 10 days later than the 
Mammoth. The Barchet makes a good growth, has fi ne 
stems, and is especially desirable for hay and green manure 
in the Gulf States.” Address: Scientifi c Assistant, Bureau of 
Plant Industry, USDA.

409. Moore, George T. 1915. The Botanical Society of 
America. Science 41(1048):170-84. Jan. 29.
• Summary: In the long summary of this meeting, on page 
180 is an abstract of an article titled “Physiological studies of 
Bacillus radicicola of soy bean,” by J.K. Wilson. It states:
 “This investigation confi rms earlier work as regards 
the infl uence of nitrates on nodule production, and indicates 
in addition that sulfates in relatively weak concentration 
inhibit the process. Chlorides and phosphates stimulate 
nodule production, while ammonium salts are inhibitory. 
The signifi cant fact was developed that while nodule 
development was prevented by the presence of nitrates, 
phosphates and ammonium salts, yet the organism retained 
its vitality in the presence of these salts. Whether the effect 
of the salt is upon the root, such as to make it resistant, or 
upon the organism can not yet be stated.” Address: Ex-
Secretary of the Society.

410. Jenkins, E.H.; Hayes, H.K. 1915. Field tests of soy 
beans, 1914. Connecticut Agricultural Experiment Station, 
Bulletin No. 185. 17 p. Jan.
• Summary: Contents: Uses of soy beans: Catch crop, 
nitrogen-gathering green manure crop in orchards, seed crop, 
silage crop, for hay, as a forage and pasture for hogs. Tests 
made in 1914. Yield of fresh forage. Yield of dry matter. 
Yield of food ingredients. Period of growth. The seed. The 
seed yield. Feeding value. Resistance to frost and time of 
planting. When to plant. How to plant. Varieties to plant.
 Page 3 states: “The fi eld work connected with these 
tests was planned and carried out by Mr. H.K. Hayes and his 
assistant, Mr. Hubbell. The chemical analyses were made 
under the direction of the chief chemist, Mr. J.P. Street. The 
results have been prepared for publication by the director 
[E.H. Jenkins].”
 The soy bean is a valuable catch crop, which can be 
planted if winter grain, fall or spring sown clover, or grass 
seed fails. It is an excellent nitrogen-gathering green manure 
crop in orchards. As a seed crop it is sometimes profi table, 
depending on the state of the market.
 Varieties to plant. Hollybrook is recommended. A 

summary of a single year’s observations of 19 varieties 
tested, all of which on the 28th and 29th of May, begins: 
“The earliest varieties–Manhattan, Medium Yellow, Quebec 
[two varieties] and Ito San bloomed in from 55 to 60 days 
and could be cut for soiling. Their average yield when the 
foliage was mature was 2.35 tons of dry matter.”
 Tables show: (1) “Analyses of soy bean forage grown 
at Mt. Carmel fi eld, 1914” (p. 6-7). It lists 18 varieties in 
ascending order of days to maturity: Quebec No. 92 (104 
days), Quebec No. 537 (110 days; both “selections from 
Professor [Leonard S.] Klinck, Macdonald College, Quebec. 
Quebec 537 looks like an early maturing strain of Ito San”), 
Medium Yellow, Ito San (2 entries), Kentucky, Manhattan, 
Ebony, Medium Green, Mongol, Mikado, Peking, O’Kute 
[Okute], Wilson, Arlington, Hollybrook, Swan, Morse, 
Cloud.
 (2) “Average yield of crops named in pounds per acre” 
(p. 10). The crops are soy beans, fodder corn, and alfalfa. 
III. “Composition and yield of soy bean seed, grown at Mt. 
Carmel fi eld, 1914” (p. 12, for 14 varieties. Includes weight 
of 100 seeds, and seed color. The variety Mongol has olive 
green seeds (p. 13). The highest yield was from Medium 
Green, 32.5 bushels/acre at 12% moisture). IV. “Composition 
and digestible nutrients of soy beans, cotton seed meal and 
linseed meal” (p. 14). A photo (front cover) shows a soy bean 
plant with roots. Address: 1. Ph.D., Director of the Station 
and Treasurer, New Haven, Connecticut.

411. W.W.R. 1915. Soybeans to improve land (Letter to the 
editor). Breeder’s Gazette 67(7):359. Feb. 18.
• Summary: “What of soybeans as a soil-building crop? 
What amount per acre should be sown and at what time 
of the season. Does this crop make a profi table pasture for 
hogs? At what time should they be turned on it?
 A.T. Wiancko of the Indiana Experiment Station 
answers: “When properly inoculated with its nitrogen-
gathering bacteria the soybean is one of the best legumes 
for building up the fertility of run-down land. It is a rapid 
grower and will make a large amount of highly nitrogenous 
organic matter for plowing under in a short time. When used 
as a full season crop the ground should be prepared as for 
corn and the seed sown soon after the best time for planting 
corn, using about 25 to 30 pounds of seed drilled in rows 3 
feet apart for cultivation. Or if the land is mellow and free 
from weed seed the crop may be satisfactorily drilled solid 
with the grain drill a the rate of about a bushel to the acre.” 
Address: Cayuga, Indiana.

412. Butler, W.R. 1915. A short talk with county agent about 
soy bean hay crop. Alexandria Times-Tribune (Alexandria, 
Indiana). March 10. p. 2.
• Summary: “The failure of soy beans as a hay crop has 
been due to the fact that haying came in September, when 
the weather is uncertain. Allow from eighty to ninety days 
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to grow the soy bean hay crop plant so as to have the haying 
come in August when the weather will be favorable for 
cutting. Begin cutting when some of the leaves begin to 
show yellow. Soys cut at this time are not so woody as when 
allowed to mature farther. The crop may be mowed one day, 
put in windrows the next, turned on the third and put in small 
cocks, where it should be allowed to cure partially before it 
is hauled to the barn a few days later. Men who have used 
this hay, properly cured, say they would as soon have it 
as alfalfa. The way the stock eat it oven though it is rather 
woody verifi es this statement. Soy beans will yield from 2 to 
3 tons, cured hay per acre.
 “Harvesting for Seed: Various implements have been 
employed to harvest soy beans for seed; the mower with a 
side-delivery buncher, the binder and the self rake reaper. 
Taylor Fouts has good results with the grain binder. He 
follows soy beans with wheat and to economize labor and 
time he follows the binder with a 12 disc wheat drill. Thus 
he harvests his soys for seed and drills his wheat at the same 
time The bundles are dropped on the drilled ground and 
placed in small cocks or windrows for curing. As the beans 
begin to ripen most of the leaves will fall. Even if some of 
the pods are still green, do not hesitate to cut at this time, for 
if the vines are properly cured there is enough nourishment 
in the stalks to mature if harvesting is done while the dew is 
on. Play safe by letting the vines remain in small windrows 
till the threshing machine is on the place, for there will be 
disaster if the beans are put in the cock and the rain strikes 
them. The less the vines are handled the less they will shatter 
and the greater will be the crop of seed.
 “Be sure to get a good threshing machine so the cylinder 
well run at about half the speed required for oats, without 
changing the speed of the separator. Two extra pulleys, twice 
the size of the regular ones and costing about ten dollars, 
are put on either end of the cylinder shaft. Have most of the 
concave teeth removed and a strong oak board to take the 
place of the lower concave. Beans threshed in this way are 
fairly clean and what few split ones occur can be graded and 
fanned out on the mill and fed to the stock. If a shed is handy 
in which to thresh the pods and straw, and stock is allowed 
access to the stack, especially sheep and milk cows, a great 
benefi t will be derived from this source, Another factor that 
contributes to larger grain returns is the use of tight-bottom 
hay racks.
 “Results in Madison County: It is one thing to produce 
a crow [sic, crop] and another thing to dispose of that crop at 
a profi t. Two farmers in Madison county, Indiana, tried the 
soy bean crop this year. Frank Mullins, of Monroe township, 
grew thirteen acres, half of which were Early Browns and 
half of them [Ito] San variety. Herman Hughel of Anderson 
township, grew two and one-fourth acres, using the Mikado 
and Sable varieties. Both men kept a cost account of their 
crop of soy beans.
 Herman Hughel grew his entire crop of seed. It was 

Frank Mullins’ plan to fi rst thresh his entire crop. The writer 
induced him to fence off an even acre of his crop for the 
purpose of experiment on hogging off soy beans.
 “Herman Hughel’s Soy Beans Patch: The ground 
was broken early and harrowed frequently to conserve the 
moisture. On June 10, 1914, he planted his crop. The seed 
bed was as fi ne as a fl ower bed and the plates in the corn 
planter were adjusted so as to drop the beans eight to the foot 
in the row. The rows were about the same distance apart as 
for corn. The beans were planted about the same distance 
apart as for corn. The beans were planted about one and one-
half inches deep. Mr. Hughel did not inoculate last season 
but intends to do so this year.
 “When the plants were about four inches high the spike 
tooth harrow was set at an angle and the patch was harrowed. 
Care was taken to wait until the dew was off and the plants 
were tough. This practice kept the ground level and killed the 
weeds which had sprouted and at the same time made a fi ne 
dust mulch to conserve the moisture. It was equal to the fi rst 
cultivation and was a great deal more effi cient. The stand 
was excellent and the plants grew thriftily all summer.
 “The patch was near the road and many people stopped 
to admire it and ask about methods of cultivation, harvesting 
and the advantages of such a crop. The following fi gures are 
full of interest and as inspiring as the crop itself. We give 
them here so that others may see the business side of the 
experiment.
 “Cost of Producing 2¼ Acres Soy Beans–Herman 
Hughel 1914.
 “Plowing, (man and team, 12 hours) at 35¢ = $4.25
 “Preparing seed bed (drug [dragged] and harrowed 
twice) 5 hours at 35¢ = $1.75
 “Seed = $2.00
 “Planting, 2 hours, at 35¢ = $0.70
 “Cultivating, 17 hours at 35¢ = $5.95
 “Threshermen’s bill = $6.00
 “Harvesting = $6.00
 “Labor, etc. on threshing = 3.50
 “Rent at $6.00 per acre, 2¼ acres = $13.50
 “Total cost 2¼ acres = $43.60
 “Cost per acre = $19.33
 “56 bushels of beans from 2¼ acres
 “Cost of producing one bushel of soy beans = 78 cents.
 “The average yield per acre was 25 bushels. These beans 
will sell for seed this spring at $2.50 to $3.00 per bushel. 
At $2.50 per bushel Mr. Hughel will have a gross return 
per acre of $62.50. Subtract his cost per acre for producing 
these beans or $19.33 and we have a net return of $43.17. 
Besides this money return he has the straw which is a good 
roughage, high in protein for horses, sheep and cattle. A very 
small per cent. of the plant food is removed in the seed and 
so Mr. Hughel is gratifi ed to know that his bean crop has 
been a success. This season will be a splendid one in which 
to try the soy beans crop. It will take the place of clover. 
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It can be used as a soil improver, a forage crop, a hay crop 
and as a money crop when threshed for seed. This practical 
demonstration ought to induce many farmers to try a small 
patch this year.”
 Note: Much of this article later appeared in: Butler, 
William Reynolds. 1916. “The labor-saving soy: A crop 
for seed, feed and the soil of run-down fi elds.” Country 
Gentleman 81(19):964-65, 994-95. May 6. Address: 
Agricultural Agent of Madison County.

413. Hiltner, L. 1915. Darf man, namentlich in heutigen 
Jahre den Anbau der Soyabohne empfehlen? [Can we really 
recommend soybean culture nowadays?]. Praktische Blaetter 
fuer Pfl anzenbau und Pfl anzenschutz 18(3):25-32. March; 
18(4):44-49. April. [3 ref. Ger]
• Summary: A photo (p. 31) shows two soy bean plants 
growing in pots. A very small, scrawny one is in its second 
year in uninoculated soil, while a very large, luxuriant one is 
in inoculated soil. Address: Prof., Dr.

414. Whiting, Albert L. 1915. A biochemical study of 
nitrogen in certain legumes. Illinois Agricultural Experiment 
Station, Bulletin No. 179. p. 467-542. March. Based on his 
1912 PhD thesis of the same title. [20 ref]
• Summary: Sodium nitrate is the world’s most important 
form of inorganic nitrogen, yet it is in limited supply. The 
most abundant source of nitrogen is in the air. The author 
then gives a history of research on nitrogen fi xation. As 
early as 1687 Malphighi observed nodules on the roots 
of legumes. In 1853 the modern conception of the nodule 
as a normal growth on the legume plant was established 
by L.C. Treviranus. In 1886 Hellriegel and his co-worker 
Wilfarth “made the classical discovery that legumes obtain 
atmospheric nitrogen thru the association of microörganisms 
living in the nodules.” In 1887 Marshall Ward proved that 
the formation of these nodules was due to external infection. 
“In Germany the fi rst attempts to grow soybeans (Glycine 
hispida) in the botanical gardens resulted in failure, and 
it was not until soil from the natural habitat of the plant 
was imported for inoculation that soybeans were grown 
successfully.* (Footnote: *Soil inoculation experiments were 
instituted as early as 1887 at the Moor Culture Experiment 
Station, Bremen, Germany).
 Whiting studied the composition of inoculated tops, 
roots and nodules of soybeans grown in nitrogen-free sand 
at various stages of growth. He grew soybean and cowpea 
plants with the tops exposed to air but the roots sealed in 
a Woulff bottle. He reported total nitrogen, water-soluble 
nitrogen, and nitrogen precipitated by phosphotungstic acid 
at various stages of growth.
 Conclusions: The experiments show conclusively that 
the cowpea and the soybean utilize atmospheric nitrogen 
thru their roots and not thru their leaves. At the time of 
harvest, about 74% of the nitrogen in the plants is in the tops, 

while the remainder is distributed between the roots and the 
nodules. The stems and leaves are only indirectly involved in 
the process of nitrogen fi xation; the nodule is the seat of the 
process. Address: Associate in Soil Biology.

415. Kiesselbach, T.A. 1915. Soy beans and cowpeas. 
Nebraska Agricultural Experiment Station, Bulletin No. 150. 
31 p. Distributed April 6.
• Summary: Contents: Introduction. Habits of growth. 
Adaptations and uses for Nebraska conditions. Composition 
and feeding value. Yields in other states. Varieties tested 
and yields at Nebraska Experiment Station. Soybeans and 
cowpeas for hay. Soybeans and cowpeas for silage. Yield 
compared with grain crops at Nebraska Experiment Station. 
Soybeans and cowpeas as soil improvers. Place in the 
rotation. Varieties and seed. Inoculation. Time, rate, and 
manner of planting. Cultivation. Harvesting. Threshing and 
storing. Farmers’ tests with soy beans. Summary.
 “Somewhat extensive experimental tests were made at 
the Nebraska Agricultural Experiment Station by Dr. T.L. 
Lyon, now of Cornell University. Included in these tests were 
nine varieties of soy beans for which yields were determined 
during the years 1903 and 1904.
 “In 1909 this Station secured seed of eight representative 
varieties of soy beans from Mr. C.V. Piper of the United 
States Department of Agriculture. At that time Professor E.G. 
Montgomery, now of Cornell University, again took up the 
testing of soy beans, which has been continued since 1911 
by the writer, thus giving a continuous record of six years’ 
work in recent years. Cooperative tests also have been made, 
during the past three years, with farmers of the State...
 “Experience indicates that at the present time in 
Nebraska their [soybeans’] chief value is as a protein 
concentrate and as hay for cattle, hogs, and sheep, and 
possibly for soil improvement. They deserve more extensive 
trial as food for man.
 “Indications are that cowpeas never will be a practical 
crop in this state. The yield of seed is relatively very low, and 
in forage production cowpeas are not superior to soy beans... 
Soy beans are the most practicable of any of the annual 
legumes. They are one of the most drouth resistant crops we 
have...
 “Nine varieties were tested in unduplicated plats, one-
tenth acre in size, during each of two years, 1903 and 1904. 
The rows were 32 inches apart and cultivated.” They were 
planted on May 30 and matured on Sept. 20, taking 112 days 
to mature. The varieties tested were Early Yellow, American 
Coffee Berry, Early Black, Ito San, Wisconsin Black, 
Medium Early Yellow, Medium Early Brown, Medium Early 
Black, Medium Green. The average yield was 16.17 bu/acre. 
The highest yielders were Early Black (21.85 bu/acre) and 
Wisconsin Black (20.95).
 “Further testing was discontinued until 1909 when eight 
varieties of soy beans representing a rather wide range of 
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types were secured from Mr. C.V. Piper of the Bureau of 
Plant Industry, United States Department of Agriculture. 
These have been tested for six years, 1909-1914, and the 
data are given in detail for each year in Tables 4 to 9...” The 
varieties tested were Habaro, Shingto, Chernie, Haberlandt, 
Nuttall (S.P.I. No. 17,253), Cloud, Amherst, Meyer.
 “Cultivation: It is recommended that the fi eld be disked 
and harrowed just prior to seeding in order to check the weed 
growth as much as possible. A weeder may be run over the 
ground just before the beans come up and again before the 
beans are large enough to cultivate.”
 “Harvesting: Soy beans and cowpeas may be harvested 
with a mower or a specially made bean harvester. We have 
also found it practicable to harvest soy beans for seed with a 
binder. Some varieties are too short and too viny to harvest in 
this manner. In case a mower is used, it is well to have a side 
delivery attachment in order that the horses will not need 
to tramp on the cut swath of beans. This tramping is likely 
to shatter many of the beans... After curing in the windrow 
for a day or two, the beans should be placed in shocks. 
When thoroly [thoroughly] cured it is best to thresh them 
immediately.” Note 1. This is the earliest English-language 
document seen (Oct. 2010) that uses the word “viny” to 
describe soybeans.
 “Threshing and storing: These crops may be threshed 
with an ordinary threshing machine by reducing the speed 
of the cylinder and replacing all or part of the concaves by 
blank concaves. The best adjustment of the thresher is by the 
use of special pulleys which reduce the speed of the cylinder 
without reducing that of the rest of the working parts of the 
machine. Many of the seeds are still likely to be broken in 
threshing, but this does not reduce their feeding value.”
 “Farmers’ tests with soy beans: During the years 1912, 
1913, and 1914 the Experiment Station supplied a number 
of farmers with soy bean seed, together with suggestions 
relative to planting, cultivating, and harvesting the crop. In 
all cases the soy beans were planted in rows and cultivated. 
The farmers either were supplied with both inoculated 
and uninoculated seed for comparison, or were furnished 
inoculating culture from the United States Department of 
Agriculture.
 “Tests in 1912: In 1912 three farmers in southeastern 
Nebraska tested Amherst soy beans for seed with rather 
encouraging results. Their yields were respectively 18, 20, 
and 20 bushels per acre. From two to three acres were grown 
by each man.”
 Results are also given for 1913 (from 10 farmers) and 
1914 (from 19 farmers). A table (no. 18; p. 29) gives results 
of a questionnaire sent to the participating farmers showing 
that they liked the soybeans as a crop. The report concluded: 
“The soy bean is one of those crops which look promising 
and inviting but which nevertheless are not quite suffi ciently 
meritorious to take a place among our standard crops under 
existing conditions.”

 Photos show: (1) A shock of soy beans. (2) A typical soy 
bean plant (p. 6). (3) Nine different varieties of soy beans (p. 
14). (4) A typical fi eld of soy beans (p. 24). (5) A fi eld of soy 
beans ready to harvest for seed (p. 27).
 Note 2. This document contains the second earliest date 
seen for soybeans in Nebraska, or the cultivation of soybeans 
in Nebraska (1903).
 Note 3. This is the earliest document seen (Jan. 1998) 
that uses the word “weeder” in connection with soybean 
production. Address: A.M., Experimental Agronomy, 
Lincoln, Nebraska.

416. Smith, William C. 1915. Food for men, stock and 
soil: Soy beans–a single or a combination crop for farms 
everywhere. Country Gentleman 80(15):685-86. April 10.
• Summary: The author planted soybeans on his 
Vetchfalfa Farm in Indiana in 1914. The crop is a strong 
drought resister. In Indiana the most widely used variety 
is Hollybrook. Four methods of planting soybeans are 
described: (1) Broadcast or put through a common wheat 
drill. (2) Put the seed into the corn planter, using the smallest 
drill plate, and drill as you would corn; then go back, straddle 
the rows, and drill between the fi rst rows. (3) Same as the 
second method but without the second planting; use 1 bushel 
of seed per acre. (4) The method now most frequently used 
in Indiana and one of the most profi table. At corn planting 
time, after the soil has been prepared as for planting corn, 
drill with the corn 12 pounds to the acre of soy-bean seed. 
“The beans may be mixed with the corn and the two kinds of 
seed run through the drill together...”
 The soy beans can be harvested by sheep and hogs. 
“The crop should be cut with a self binder and shocked the 
same as wheat, or cut with a mower, cured for several days, 
raked into windrows and put into small cocks. To have 
clean-looking seed all the beans must be mature... The beans 
may be threshed with a regular threshing machine with the 
concaves taken out.”
 “Soy beans will yield from twelve to twenty-fi ve bushels 
of seed to the acre. My crop in 1914 yielded twenty bushels 
to the acre. The seed in Indiana sells for two dollars and a 
half a bushel retail, and two dollars a bushel wholesale...
 “Carroll County, Indiana, was the fi rst county in the 
state to celebrate Soy Bean Day. The meeting was held last 
September on the farms of Taylor and Noah Fouts, who 
have grown hundreds of acres of soy beans, and hundreds 
of people were in attendance... In the afternoon the crowd 
assembled upon the lawn of Taylor Fouts’ home to hear 
addresses by Purdue University’s soy-bean expert, Isaac 
Smith, a pioneer Indiana grower of soy beans, the author 
and others.” Soy beans are offensive to chinch bugs [Blissus 
leucopterus].
 Photos show: (1) “A promising fi eld of soy beans on 
the author’s Vetchfalfa Farm that produced twenty bushels 
of seed to the acre in the driest season in thirty-fi ve years. 
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These beans were not inoculated, but were sown in rows 
with a corn planter and cultivated the same as corn.” A man 
(perhaps the author), wearing a hat, is shown standing in 
the fi eld. (2) Soy beans that have been raked into windrows 
then put into small cocks. (3) Three typical soy-bean plants 
of Hollybrook variety, uprooted, with leaves and pods, 36 
inches in height. “Each plant bears about a hundred pods.” 
(4) Two men standing in a fi eld of soy beans grown in corn. 
“The corn produced ninety bushels to the acre. The beans 
were inoculated, the corn was gathered for seed, and the 
beans were hogged off.”

417. Cook, I.S.; Kemp, W.B. 1915. Soy beans–An important 
West Virginia crop. West Virginia Agricultural Experiment 
Station, Circular No. 20. 19 p. April.
• Summary: Contents: Introduction. The soy bean plant. 
Adaptation to West Virginia conditions. Methods of 
utilizing soy beans: Hay, seed production, silage, pasture, 
soil improvement. Soy beans in crop rotation. Varieties 
(two tables are given). Recommended varieties. Cultural 
directions: Preparing the seed bed, planting, inoculation, 
cultivation. Harvesting: Hay, seed production, threshing. 
Soy beans in mixture [mixed cultures with other crops]. 
Summary.
 “The soy bean is perhaps the most valuable legume 
that has been introduced into this country within the last 
50 years... The trials that have been carried out comparing 
soy beans with cowpeas indicate that the soy bean has some 
points of decided superiority over the cowpea, particularly 
its hay and seed value... For several years soy beans have 
been grown quite extensively for hay in Monroe County 
by a number of farmers, and they report splendid results in 
wintering young cattle, sheep and horses on it.”
 “During the past three years this Station has tested a 
number of soy bean varieties and while the tests have not 
been conducted for a suffi cient length of time to give all 
of the information desired yet some outstanding variety 
differences have been noted. These are shown in the 
following table.”
 This table, titled “Varieties of soy beans” (p. 8) shows 
for each variety: Name, registry number, days to maturity, 
height in inches, habit of growth (erect, twining, reclining), 
quality of vine (very coarse, coarse, medium, fi ne), color 
of seed, color of hilum (seed scar), number of beans in 10 
grams of seed (1913 and 1914). The named varieties tested 
are: Ohio 7476, Hollybrook, Ohio 7420, Brown, Wilson, 
Morse, Peking, Ohio 7495, Meyer, Arlington, Ohio 7406, 
Guelph, Ohio 7403, Austin, A.K. 1912, Ohio 7490, Ito San, 
Roosevelt, Chernie, Virginia, Nemo, Swan, Auburn, Sable, 
Mikado, Manchu, Jet, Tar Heel [Tarheel], Adzuki bean, 
Adzuki bean, Early Buff cowpea.
 A table titled “Variety test for seed production” (p. 9) 
shows for each of the varieties listed above: Name, yield in 
bushels per acre in 1912, 1913, 1914, average, years tested. 

This station began testing soybean varieties in 1912, when 
nine varieties were tested: Ohio 7476, Hollybrook, Ohio 
7420, Brown, Ohio 7495, Ohio 7496, Guelph, Ohio 7403, 
and Ohio 7490. The fi rst four of these varieties have been 
tested for 3 years (1912 to 1914). The highest 3-year average 
seed yield was from Ohio 7476 (19.7 bu/acre). The highest 
2-year average yield was Wilson (21.9 bu/acre).
 Photos show: Wooden soybean drying rack, pyramid 
shaped. Component parts of a drying rack (p. 15). A small 
bean thresher, made by the American Grain Separator Co. in 
Minneapolis, Minnesota (p. 17). The self rake reaper from 
the International Harvester Co. This is the best machine for 
harvesting soy beans in West Virginia. (p. 18).
 Note 1. This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety Manchu.
 Note 2. “A.K. 1912” may refer to the fact that the 
soybean variety A.K. was introduced from northeast China in 
1912 by the Lucas Paint Company, New Jersey.
 Note 3. This may be the earliest document seen (Aug. 
2013) that mentions the soybean variety A.K.–but we cannot 
be sure that “A.K. 1912” was the same as “A.K.” Address: 
Morgantown.

418. Green, A.W. 1915. Soya beans. New Zealand J. of 
Agriculture 10(5):418-19. May 20.
• Summary: “In the nursery of the Ruakura Farm of 
Instruction tests of new varieties of Soya beans have been 
conducted this season. The most striking feature of the tests 
was that where inoculated soil had been used there was 
exceptional nodule-development on the roots of the plants.”
 A photo shows “The soya-bean plots at Ruakura Farm of 
Instruction.” Address: Ruakura Farm, New Zealand.

419. W.D.R. 1915. Inoculating soybeans and cowpeas (Letter 
to the editor). Breeder’s Gazette 67(20):1021. May 20.
• Summary: “Will soil inoculated for cowpeas inoculate 
soybeans? Please explain why cowpeas carried their own 
inoculation or grew nodules and soybeans did not, both being 
bought at Memphis at the same house and planted in the 
same fi eld at the same time.
 C.B. Hutchison of Missouri answers: “The extent to 
which cross inoculation takes place between different legume 
crops is not defi nitely known. It is generally believed that 
each crop has its own individual strain of legume bacteria 
and that with few exceptions the bacteria which produce 
nodules upon the roots of one legume will not form nodules 
upon another.”
 “It is quite likely that the cowpea bacteria were present 
in the soil of your correspondent’s fi eld, while those of the 
soybean were not.”
 “The growing of cowpeas on a piece of land would 
not necessarily inoculate it for soybeans. The growing of 
any legume, however, will help another legume which may 
follow by increasing the nitrogen content of the soil as well 
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as by improving its physical makeup.” Address: Ralls Co., 
Missouri.

420. Morse, W.J. 1915. [Variations in soy bean inoculation]. 
J. of the American Society of Agronomy 7(3):140. June.
• Summary: In 1910 Mr. S.A. Robert of the West Tennessee 
Experiment Station at Jackson observed that the Acme and 
Tokio varieties of soy beans lacked root nodules, while 
the Mammoth variety, planted under the same conditions, 
produced many of them. In 1911, the next season, the 
Mammoth, Acme, and Tokio were planted in a fi eld where 
the Mammoth had been grown in 1910, and where it was 
well supplied with nodules. In late September the writer 
examined a large number of plants of these three varieties 
and in no case were nodules found on plants of the Acme and 
Tokio varieties, while roots of the Mammoth variety plants 
had numerous nodules.
 In varietal tests conducted for a number of seasons at 
the Arlington Experimental Farm [Virginia], the variety 
Haberlandt was as well supplied with nodules as most of the 
other varieties. Address: USDA, Washington, DC.

421. Voorhees, John H. 1915. Variations in soy bean 
inoculation. J. of the American Society of Agronomy 
7(3):139-40. June.
• Summary: During the summer of 1913, “nitrogerm” and 
“farmogerm,” two commercial inoculation products, were 
tested on a variety of soy beans in New Jersey. “One-acre 
plats were sown to each of the following varieties: Mikado, 
Peking, Haberlandt, Tarheel Black (Black Shanghai, 
S.P.I. No. 14952), Brown (Trenton, S.P.I. No. 24610), and 
Auburn.” “In observations made June 25 the plants of all 
varieties bore root nodules except the Haberlandt, which 
seemed to lack them entirely... It is the writer’s opinion that 
different varieties of the same legume bear different and 
defi nite powers of resistance to association with symbiotic 
bacteria.”
 A long footnote by W.J. Morse at the bottom of p. 
140 states: “Some similar results concerning variation in 
soy bean inoculation were noted at the West Tennessee 
Experiment Station at Jackson, in the season of 1911. 
In 1910 Mr. S.A. Robert, superintendent of the station, 
observed that the Acme and Tokio varieties of soy beans 
lacked root nodules, while the Mammoth, planted under the 
same conditions, produced many of them. The next season, 
1911, the Mammoth, Acme, and Tokio were planted in a 
fi eld where the Mammoth had been grown in 1910 and 
where it was well supplied with nodules. In the latter part 
of September the writer had occasion to examine a large 
number of plants of these three varieties and in no case were 
nodules found on plants of the Acme and Tokio varieties, 
while the plants of the Mammoth had numerous nodules. In 
the varietal tests conducted at Arlington Experimental Farm, 
Virginia, for a number of seasons, the Haberlandt was as well 

supplied with nodules as most of the other varieties.”
 Note 1. This is the earliest document seen (July 2013) 
that mentions the soybean variety Tarheel Black.
 Note 2. This is the 2nd earliest document seen (July 
2010) that mentions “nitrogerm,” a bacterial culture used for 
inoculating legumes. Unfortunately, the name and location 
of the manufacturer of nitrogerm is not given. By 1916 
two different companies were making an inoculum named 
“Nitrogerm.” Address: New Jersey Agric. Exp. Station, New 
Brunswick, New Jersey.

422. A.C. 1915. The valuable soybean: How to grow and 
feed this crop properly, Indiana Farmer 70(27):12. July 3.
• Summary: “A crop that is new in many sections of the 
state and an entire stranger to others is the soy bean crop. 
It is just beginning to be recognized by many farmers as 
an excellent crop for building up the soil as well as being a 
money maker. If the merits of soybeans were better known 
they would be as common as any of our standard crops. I 
have raised soy beans for several years and have been more 
than satisfi ed with them. Many farmers in recent years fi nd 
it diffi cult to get a stand of clover and as that is the only 
legume crop raised on most farms it is very diffi cult to keep 
up the fertility of the soil. Where the merits of the soy bean 
are known a failure of the clover crop is not at all a serious 
matter. When the clover fails soy beans are raised in place 
of the clever and the soil is not deprived of its source of 
nitrogen nor is the fi eld thrown out of its regular rotation.
 “If the soy bean was only a soil builder it would be 
worthy of every farmers attention but besides being that it 
is an excellent hay plant and produces a good crop of grain 
highly prized on account of its high protein content.
 “I prepare ground for soy beans the same as if corn was 
to be raised and for a grain crop drill in rows and cultivate 
the same also. I use a common two horse corn drill with 
bean plates for planting the crop. My rows are three feet 
apart as that is as close as can be cultivated with the regular 
corn cultivator. A half bushel of seed to the acre is about 
the right amount when planted in rows and cultivated. They 
may be drilled solid with a wheat drill setting the drill for 
two bushels of oats. About a bushel and a half to the acre is 
needed this way. This method does well for a hay crop but is 
not as good as cultivated for a grain crop. Soy beans should 
be cultivated much the same as corn.
 “Feeding Soy Beans to Hogs: If the hogs are turned in 
when the leaves begin to turn yellow they will show their 
gratitude by making very profi table gains and will continue 
to do so as long as any forage is left.
 “The soy bean is not a complete ration and should be 
supplemented with half a feed of corn. I have no fi gures 
as to the worth of soy beans when used as a hog feed 
in connection with corn but one of the offi cials of our 
experiment station in a conversation with me placed their 
value as three times that of corn. As they yield from fi fteen 
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to twenty fi ve bushels per acre on good ground it may be 
readily seen that they are a valuable crop when fed to hogs.
 “Harvesting the Beans: Another method that has much 
to commend it is to plant soy beans and corn in the same row 
and hog down both the beans and corn. There will be very 
little if any difference in the yield of corn and the beans will 
do well.
 “When allowed to ripen and then harvested and threshed 
they take the place of high priced protein concentrates. The 
protein content of the grain is thirty per cent which compares 
very favorably with cotton seed meal, tankage, etc. A 
common mowing machine using a clover buncher, or mowed 
and raked like hay, are the prevailing methods of harvesting. 
Care must be taken that they do not become too ripe before 
cutting or they shatter badly. The greatest trouble I have 
experienced is to get a thresherman to pull his machine out 
for a small job. They may be fed whole or ground but I think 
it pays well to feed them ground.
 “About the time the pods are half developed is the best 
time to cut for hay. The hay yield is from one and a half to 
three tons per acre. The method of hay making with this crop 
is not much different than that used with alfalfa. They should 
be mowed and partly cured then put in cocks and left a day 
or two before storing. The market for grain and hay are not 
yet developed as the markets are for corn, wheat, etc., but in 
the course of time no doubt our elevator men will be anxious 
to buy both grain and hay. There is however at the present 
time a healthy demand for good seed at remunerative fi gures.
 “There are many varieties of soy beans but very few 
of them are adapted to our climate. Much care should be 
exercised in buying seed. The early Brown and Ito San are 
probably the best for Indiana but in the central and southern 
parts of the state later varieties such as Black Beauty, 
Hollybrook. Mikado and Sable are successful. I raise the 
Early Brown exclusively and fi nd no reason to raise any 
other. Southern grown seed must not be used as they will not 
mature in our climate even if early varieties are used.
 “Inoculation: A great part of the fertilizing properties of 
the plant is its ability to gather nitrogen from the air and store 
it in the nodules on the roots. If the ground is not inoculated 
these nodules will not form and a great part of the fertilizing 
feature is lost although the plants thrive about as well when 
not inoculated as they do when they are inoculated. A 
common though not the only way of inoculation is to take 
soil from around the roots of inoculated plants. A half gallon 
of such soil will inoculate an acre of ground. Most growers 
of seed can supply inoculated soil.
 “The cowpea is another crop similar to the soy bean. 
The soy bean however produces a much heavier grain crop 
and about the same amount of hay. The cowpea is of a viney 
nature while the soy bean grows erect making it much more 
easily harvested. While I have raised both cowpeas and 
soybeans for several reasons I much prefer the soy bean.” 
Address: Rush Co., Indiana.

423. Country Gentleman. 1915. Progressive agriculture: 
What the government is doing for the farmer’s business and 
home. 80(29):1173. July 17.
• Summary: “’Of the remaining enterprises, the most 
profi table status appears to be approximately as follows: 
Corn should occupy all the fi rst year and a good part, if not 
all, of the second year of the rotation, and most of the crop 
should be fed. Oats should be entirely eliminated, and their 
place taken by soy beans. Soy beans, however, cannot be 
successfully grown until the soil is thoroughly inoculated for 
them.
 “’The soys may occupy a part of the second year of the 
rotation, with corn and potatoes, or if corn occupies all the 
fi rst and second years the soys may occupy the third year 
along with the potatoes.’”

424. Country Gentleman. 1915. Everyman’s garden: Crops 
that will make the garden rich. 80(31):1240. July 31.
• Summary: “The gardener who can buy, at a reasonable 
price, all the stable manure he needs is the exception.”
 “If the ground is to be planted or trenched again this 
fall, there is still time to grow a heavy covering of beans, soy 
beans, cowpeas or fi eld peas. The last named are the hardiest 
and will stand light freezing. If you have a horse or a cow 
any of these may be fed green or cured for hay, while the 
stubble and the roots improve the mechanical condition of 
the soil and add humus and nitrogen.”
 “Interplant With the Vegetables: Cowpeas are more 
like beans than peas. New Era is a rapid-growing variety; 
a peck will be suffi cient for a plot fi fty by a hundred feet. 
Soy beans somewhat resemble garden beans, but grow very 
much larger. A good method of utilizing these is to have a 
supply on hand, and interplant them with other crops that 
will mature within two or three weeks. Planted in this way, 
between the rows of sweet corn, early potatoes, lettuce, 
radishes, and so forth, the beans will have the ground well 
covered soon after the other crops are off, with a valuable 
supply of humus-forming material to be turned under just 
before killing frosts. They mature in about a hundred days, 
but for spading under they may be sown now. Plant as you 
would ordinary dwarf beans.”
 “Assure Success by Inoculation: Success with the 
various legumes cannot be made certain, even when good 
seed is used and conditions are favorable, unless the bacteria 
that live upon the particular kind of plants to be sown are 
present in the soil.
 “When a crop of the same kind has been grown on 
your piece of ground, even if a number of years before, 
the soil will usually be found all right in this respect. But 
when a new thing is to be used artifi cial inoculation may 
be employed, at very little cost, to make success more sure. 
Soil in which plants of the same kind have been grown will 
answer the purpose. It should be freshly dug, kept from the 
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sunlight, applied on a cloudy day or late in the afternoon, and 
immediately harrowed or raked in; otherwise, the bacteria 
may be killed in the operation. A peck or two will make an 
ample dressing for a fi fty-by-fi fty-foot plot.
 “Inoculation with artifi cial cultures has now come into 
general use. Like many other of the newer methods, you will 
fi nd that it is very simple.
 “The bacteria are kept and transported in a ‘medium’ 
or jelly, which must be diluted according to direction and 
spread over the seeds, which are then thoroughly mixed so 
that each one receives a thin coating of the solution. The 
bacteria, which live and work upon the roots, are ready 
to take up their abode immediately the plant germinates. 
Usually where one kind of clover has been grown others can 
be started without any trouble.
 “But when you plant things which you have not grown 
in your garden before, such as winter vetch, soy beans, 
cowpeas or alfalfa, or for garden peas and beans, if you do 
not seem to have success with them, get a small bottle of the 
bacteria and inoculate your seed before planting.
 “As in the case of the bacteria in the soil, those in the 
artifi cial culture are very quickly injured by exposure to the 
bright sunshine or to any drying wind. The seed should not 
be treated until you are all ready to plant.”
 An oval photo shows the roots of a legume containing 
many nodules: “The nitrogen-fi xing bacteria live on the roots 
of the legumes.”

425. Robert, J.C. 1915. Preliminary report on the economic 
value of the soybean. Jackson, MS: Mississippi Agricultural 
College, Tucker Printing House. 15 p. July 1.
• Summary: Contents: Introduction (incl. brief soy bean 
history). Composition of soybeans. Feeding value. Relation 
to soil fertility (nitrogen fi xation, vegetable matter or 
humus). Yield of soybeans (shelled seed and hay). Uses of 
soybeans (milk, paints, etc.). Soybeans a valuable crop for 
the Southern farmer.
 “The refi ned oil is used as a substitute for olive oil. 
Soybean milk and soybean cheese [tofu] are extensively 
used as an article of diet in the Orient. The cheese is made 
as follows:... magnesium chloride being added to precipitate 
the solution, which is hung in fi ne mesh cloth–and cottage 
cheese is obtained.
 “In 1912 there was established [by Li Yu-ying] at Les 
Vales [sic, Valles], France, a large factory for the production 
of a variety of soybean food. Among these varieties were 
milk, cheese, casein, oils, bread, biscuits, fl our, jellies, cakes, 
and sauces” (p. 12-13).
 Note: This is the earliest English-language document 
seen (Sept. 2011) that contains the term “soybean food.”
 “Varnishes made from soybean oil are extensively used, 
though when subjected to exposure they seem not to wear 
quite as well as those made from linseed oil. For internal 
painting purposes, however, these varnishes are equal in 

every respect to those made from linseed oil. Soybean oils 
are used extensively in the manufacture of linoleums and 
table cloths, and for the manufacture of printing ink, and of 
enamel paints” (p. 14).
 “Soybeans a valuable crop for the Southern farmer: 
As an article of human food, soybeans may become an 
important factor with us. We have used soybean meal made 
from our crop of 1913 and 1914 and had for breakfast 
excellent cakes. These cakes were made from wheat fl our 
and soybean meal, and wheat fl our and corn meal. Various 
proportions were used, sour milk and soda being added. 
Cakes made from equal parts of wheat fl our and soybean 
meal were very palatable.
 “Soybeans seem to be one of the most promising crops 
before the Southern farmer. Every particle of the plant has 
economic value, and a great number of commercial products 
are produced from the seed. It seems that the machinery 
of our cotton seed oil mills is suited to the manufacture of 
soybean meal and oil. The soybean straw is a good stock 
food... Therefore, soybeans offer a golden opportunity to the 
grain and cotton farmers, the live stock producers and the 
soil builders” (p. 14).
 Photos show: (1) Numerous sacks of soybeans and 
oil cake in the Orient awaiting shipment (front cover). (2) 
People cleaning and resacking soybeans for shipment (front 
cover). (3) Five different varieties of soybeans, Including 
Virginia (p. 2). (4) Soybean root tubercles, natural size 
(p. 7). (5) Several osier bins used for storing soybeans (p. 
13). (6) Southern Manchurian railway cars, with sacks of 
soybeans (p. 13). (7) Seven varieties of soy pods and beans: 
Guelph, Ito San, Buckshot, Austin, Hollybrook, Haberlandt, 
Mammoth (p. 15).
 Tables show: (1) Percentage composition of different 
soybean varieties (most have values for two years, 1913 
and 1914): Wilson, Arlington, Jet, Brown, Tokyo, 19981-A, 
Mammoth, Small Yellow, Amherst, Ito San, Holly Brook 
[Hollybrook], Peking, Acme, Virginia, Black, Brachet 
[Barchet], Dwarf Green, Cloud. For each is given moisture, 
ash, fat, protein, nitrogen free extract, fi ber. (2) Plant food 
elements in farm crops (N, P, and K, including soybeans as 
grain, hay, or straw). (3) Yield of soybeans (in lb shelled seed 
and lb of hay per acre): In 1911 in Mississippi: Hollybrook, 
Black Soybeans, Brown Soybeans, Small Yellow, Mammoth 
Yellow. The highest yields were from Small Yellow–2,600 
lb seed and 5,500 lb hay. In 1912: Brown Soybean, 
Black Soybean, Hollybrook, Dwarf Green, Small Yellow, 
Mammoth Yellow, Haberlandt. Again the highest yields were 
from Small Yellow–2,680 lb seed and 5,200 lb hay. (4) Farm 
account with the soil in proposed three-year crop rotation 
(NPK balance incl. soybeans for hay, grain, or straw). (5) 
Proposed three-year rotation system for long-pine section of 
Mississippi (1915-1917).
 Note 1. This is the earliest document seen (Jan. 2004) 
that mentions the soybean variety Virginia.
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 Note 2. This is the earliest published English-language 
document seen (Sept. 2016) that contains the term “soybean 
oil.”
 Note 3. This is the earliest English-language document 
seen (Aug. 2013) that contains the term “Soybean milk.”
 Note 4. This is also the earliest English-language 
document seen (April 2013) that uses the term “soybean 
cheese” to refer to tofu. Address: Director of the Station, 
School of Agriculture, and Prof. of Agronomy, Agricultural 
College, Mississippi.

426. Williams, C.B. 1915. Soy-bean growing in North 
Carolina. North Carolina Agricultural Experiment Station, 
Circular No. 31. 8 p. July. Reprint.
• Summary: Contents: History. The growing plant. 
Distribution in North Carolina. Suitable varieties (for seed 
production and for hay production). Selecting and preparing 
the soil. Inoculation essential. Fertilization. Seeding and 
cultivation. Soy beans in mixtures (with cowpeas, sweet 
sorghum, or millet). Harvesting for hay. Soy beans for soil 
improvement. Soy beans for soiling purposes. Soy beans for 
pasturage.
 “The soy bean is probably a native of tropical Africa 
and was introduced into the southeastern part of Asia more 
than 3,000 years ago by ancient travelers between Zanzibar 
and India or Ceylon... The bean was carried to England in 
1790 and was introduced into the United States from Japan 
in 1860. It has been successfully cultivated in the Southern 
States for many years, where it has been grown for soil 
improvement and as a forage crop. In Japan and China it 
is grown chiefl y as a human food. It is also known as Soja 
Bean, Coffee Berry and Japan Pea.”
 In North Carolina, the soy bean “is grown more or less 
from the seashore to the western boundary, but at the present 
time is chiefl y produced in the northeastern part of the 
State.”
 “Inoculation Essential: Soy beans, like other legumes, 
are characterized by their ability to take free nitrogen from 
the air, if the soil is inoculated with the proper bacteria for 
this crop. In growing soy beans on land for the fi rst time, 
especially in a locality where this crop has not been grown 
previously, it will usually pay to inoculate the soil by one 
of the methods generally recommended, either using soil 
from an inoculated fi eld or one of the commercial cultures. 
The latter may now be secured at very reasonable prices. 
In some parts of the State I would say, however, that the 
bacteria suitable for inoculating this crop seem to be quite 
widely distributed in the soil. When soy beans are planted on 
inoculated soil the second year, it will usually be found that 
nodules are present on the roots in large numbers by natural 
inoculation. Experiments have shown that something like 
50 per cent more nitrogen was found in the stems and leaves 
of soy beans which were planted on inoculated soil than in 
those grown on uninoculated soil.”

 Fertilization: If “the soil is poor, it will pay to make an 
application of barn-yard manure or add suffi cient cotton-seed 
meal, dried blood, fi sh scrap, or other commercial carriers of 
nitrogen to give the fertilizer mixture used on the beans 1 to 
2 per cent nitrogen. Ordinarily, from 200 to 400 pounds of 
16 per cent acid phosphate and 25 to 50 pounds of muriate of 
potash will supply the necessary amount of phosphoric acid 
and potash needed by this crop when grown on average soils 
in the eastern part of the State.”
 Photos show: (1) Soy beans drilled in corn rows (p. 1). 
(2) A man standing in a fi eld of soy beans sown broadcast 
on “black land” for hay (p. 3). (3) A fi eld of soy beans with 
two barns in the distance (p. 5). Address: Chief, Div. of 
Agronomy, NCES [North Carolina Experiment Station], 
Raleigh and West Carolina.

427. Williams, C.B. 1915. Soy bean for the North Carolina 
farmer. Farmer and Mechanic (The) (Raleigh, North 
Carolina). Aug. 31. p. 12.
• Summary: “China and Japan are the greatest producers 
and consumers of soy beans in the world. In this country, 
particularly so in the South, North Carolina is the state in 
which this crop is most generally grown. Thousands of 
bushels are shipped from this State to other parts of the 
country each year. They grow from the seashore to the 
Western boundary, but at the present time their growth 
in a more or less intensive way is confi ned largely to the 
northeastern counties of the State. In fi eld trials that have 
been made by the Division of Agronomy in different parts 
of the State it has been found that this crop not only makes 
a satisfactory growth throughout the eastern part of the State 
but also in the mountain and Piedmont sections. In the upper 
Piedmont and mountains it has been found by repeated 
trials as well as by the farmers themselves that the soy bean 
generally does better than do cowpeas as a summer growing 
legume. The chief reason for this is that the soy bean is much 
hardier than the cowpea and will continue growing much 
later in the fall than will the pea. Again, the plants will stand 
a light frost in the fall without injury while the cowpea will 
stop growing when the nights become cool and will be killed 
by the fi rst light frost.
 “Suitable Varieties: Of the two hundred or more 
varieties that have been introduced into this country from 
Japan, China, Manchuria and India, not more than a dozen 
are commonly grown. In this State, it has been found that 
where the growing season is short, as in the case of the upper 
Piedmont and mountain sections, early maturing varieties 
for seed production like the Wilson and Tar Heel generally 
do best. While in the eastern portion of the State, Mammoth 
Yellow, Haberlandt, and Hollybrook are good yielders.
 In any portion of the State, for hay production, if the 
seeding is made early enough, the Mammoth Yellow and 
Haberlandt varieties are particularly well adapted. Serious 
faults of many varieties are that they ripen unevenly and 
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the pods burst open when ripe and scatter the seed on the 
ground. These qualities will have to be chiefl y overcome by 
the skilled plant breeder.
 “Selecting and Preparing the Soil: Although this crop 
will grow on a great variety of soils, it does its best growth 
generally on mellow, fertile loams and clays. Soy beans 
do fairly well on sandy soils, especially those containing 
lime, Swampy and peaty soils after being drained and limed 
usually produce well. The more favorable the soil the larger 
the development of the plant will be ordinarily, while the 
yield of seed frequently is comparatively small, but on poor 
soils the production of forage will be relatively small in 
comparison with the seed. This is true, to a considerable 
extent, however, with most other plants. For their best 
development they require a well drained soil, but are able 
to stand more water in the soil than either corn or cowpeas 
after they have begun to grown. Under no circumstances, 
however, should the seed be down on soil which is saturated 
with water for a greater portion of the year, nor on close or 
other soils that are inclined to bake. Soy beans will grow 
on soils too port to grow the clovers but will not generally 
do as well on these as will cowpeas. Thorough preparation 
of the soils is essential for best results. Breaking of the 
land should be deep, and should be followed by a thorough 
disking or harrowing. The seed bed should be fairly compact 
underneath without being hard and the surface three of four 
inches should be loose and mellow. All clods should be 
crushed and weeds and grass destroyed.
 “Inoculation Essential: Soy beans like other legumes 
are characterized by their ability to take free nitrogen from 
the air, if the soil is inoculated with the proper bacteria for 
this crop. In growing soy beans on land for the fi rst time, 
especially in a locality where soy beans have not been grown 
previously, it will usually pay to inoculate the soil by one 
of the methods generally recommended, either using soil 
from an inoculated fi eld, or one of the commercial cultures. 
The latter may now be secured at very reasonable prices. 
In some parts of the state, I would say, however, that the 
bacteria suitable for inoculating the crop seem to be quite 
widely distributed in the soil. When soy beans are planted on 
uninoculated soil, the second year, it will usually be found 
that nodules are present on the roots in large numbers by 
natural inoculation. Experiments have shown that something 
like 50 per cent more nitrogen was found in the stems and 
leaves of soy beans planted on inoculated than in those 
grown on uninoculated soil.
 “Fertilization: As soy beans on inoculated soil will be 
able to gather their nitrogen from the atmosphere, it will 
usually not be necessary on fairly good soils to add but little 
if any commercial nitrogen. However, if the soil is poor, it 
will pay to make an application of barnyard manure or add 
suffi cient cotton seed meal, dried blood, fi sh scrap or other 
carriers of nitrogen to give the fertilizer mixture used on 
the beans one or two percent of nitrogen. Ordinarily from 

200 to 400 pounds of 16 per cent acid phosphate and 25 to 
50 pounds of muriate of potash will supply the necessary 
amount of phosphoric acid and potash needed by this crop 
when grown on average soils in the eastern part of the State. 
The acid phosphate alone will generally be suffi cient to add 
on average soils in the Piedmont and mountain sections 
which are not generally in need of potash.
 “Seed and Cultivation: Soy beans may be seeded 
broadcast with a drill or they may be put in in rows. Where 
sown for hay, soiling or grazing, they should be broadcast 
or put in with a grain drill at the rate of one to one and one-
half bushels per acre, or if for seed, they should be planted 
in rows 30 to 40 inches apart, putting about one-third of a 
bushel of seed per acre and using a corn or bean planter. The 
plants should average two to four inches apart in the row. In 
planting, the seed should be covered from one to two inches 
deep with a planter that does not compact the surface, as soy 
beans, especially, planted deep are more subject to failure of 
stand than most any of our other crops. The planting should 
not take place until the land is fairly warm, a good time 
being just after corn planting has been fi nished. The soy bean 
may, however, be sown earlier than the cowpea. When sown 
in rows, the cultivation should be shallow, especially after 
the fi rst one and should be suffi ciently thorough and frequent 
to keep down grass and weeds and to maintain a good dust 
mulch.
 “Soy beans are particularly valuable in short rotations 
with small grains. The latter is removed in time in the spring 
for the soy bean to be planted to make a complete growth 
before frost. Particularly so, is this, in the Piedmont and 
Coastal Plain section of the State. This crop may be used in 
place of cowpeas in almost any rotation which the farmer 
wishes to adopt. The soy bean does not seem to benefi t an 
immediately succeeding crop as much as does a crop of 
clover or cowpeas. They fi t into a rotation for the Central 
and Eastern parts of this State as would red clover in the 
mountain section.
 “Soy Beans in Mixtures: Experiments have 
demonstrated that this crop does well when sown in mixtures 
with cowpeas, sweet sorghum or millet. By sowing with 
sorghum or millet, the yield of hay is increased and the 
protein of the soy bean balances the carbo-hydrates [sic] of 
the sorghum and millet.
 “When sown with corn, the entire crop is either used 
for silage or else for pasturage of stock. In sowing soybeans 
or cowpeas, the Clay is a good variety of peas, with the 
Mammoth Yellow bean, as they will practically reach the 
haying period at the same time when sown together.
 “Harvesting for Hay: The harvesting should take place 
after the pods have begun to form, but before they are grown. 
If left until the pods are fully ripe the beans will shatter out 
badly, the leaves will fall off, and the stems will become 
too woody for the best hay. There is a rapid decline in the 
feeding value of the stems as the plants approach maturity. 
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In cutting, an ordinary mowing machine with side delivery 
attachment or self-rake reaper may generally be used with 
very satisfactory results. The vines should be cured in the 
swath, winrow [sic, windrow] and cock as is generally done 
with cowpeas, exercising care that the vines be exposed to 
direct sun light as little as possible after they have wilted 
in the swath, in order to prevent the leaves from falling 
off. After wilting, rake into winrows and there allow to 
remain for a day or two after which, if the weather has been 
favorable, they may go into cocks or piles and be capped. 
In good weather, they may go into the barn after remaining 
in the cocks for about a week. In curing, the best results 
are secured by the use of curing frames. These should be 
so constructed as to admit of a thorough ventilation of air 
through the center of the pile. The piles should be relatively 
high in proportion to their diameter. Every precaution 
possible should be taken in curing to save the leaves which 
are the most valuable parts of the plants for feeding purposes. 
On good land a yield of from one to two tons per acre should 
be secured” (Continued). Address: Director, North Carolina 
Experiment Station.

428. Benjamin, Maurice S. 1915. A note on the occurrence 
of urease in legume nodules and other plant parts. J. of the 
Royal Society of New South Wales 49:78-80. [4 ref]
• Summary: Urease was detected in the nodules of 17 plants 
in Australia, including Glycine clandestina Wendl. Address: 
D.I.C., Asst. Chemist, Hawkesbury Agriculturasl College.

429. Brackbill, Hugh C. 1915. Protecting the soil: It should 
never be without a cover. Country Gentleman 80(40):1525. 
Oct. 2.
• Summary: “If possible the soil should never be allowed 
to be without a cover even in the summer. The soy bean 
as a summer cover crop is a favorite, and its use for green 
manuring is past question. Besides the large amount of 
forage produced the roots are valuable as a fertilizer, the 
nodules on them often growing to the size of garden peas.
 “I sowed several acres of the Medium Early Black 
variety for seed. “’What is that stuff growing along the back 
road?’ asked Johns. “’Soy beans,’ I replied.
 “I asked Johns to go along and look at them closely. 
Pulling a few stalks I explained the use of the nodules on 
the roots, how they draw nitrogen from the air and store it 
in the form of nitrates. “’Must you inoculate the soil as in 
the case of alfalfa?’ asked Johns. “’I did this year, leaving a 
small plot uninoculated. The nodules from the uninoculated 
plot are not so numerous and not quite so large as those from 
the inoculated soil.’ “’Then you will always inoculate?’ said 
Johns. “’No. After I get the entire farm seeded once I don’t 
think it will be necessary. Besides, the material is sometimes 
diffi cult to obtain from the Government. I take one bottle of 
solution and dilute it with one quart of water.
 “’This is mixed with about a bushel of beans on the 

barn fl oor until every bean has been moistened. Then I take 
some middlings and mix with the beans. The meal clings to 
the seed, prevents rapid evaporation and protects them from 
the late afternoon sun. I always broadcast them late in the 
afternoon and then harrow the ground.’
 “Inoculation is Seldom Necessary for Cowpeas: When 
grown for seed are the pods and stalks good for feeding?’ 
asked Johns.
 “’Yes, they make fi ne feed, perhaps not quite so 
palatable as when cut for hay, but the feeding value is about 
the same. An analysis shows they are nearly equivalent to 
wheat bran, as they carry a high percentage of protein. In 
fact, when I can grow enough to supply my fattening cattle I 
shall buy no bran at all.’
 “Johns remembered that he was in a hurry. I think 
he will try soy beans. Soy beans will grow in almost any 
soil and will furnish more forage than cowpeas. Cowpeas 
are often preferred to soy beans because of the readiness 
with which the nodules are formed, but on account of their 
slightly trailing habit they are not so well adapted for forage 
as the beans. If grown for hay one peck of rye or millet to 
every bushel of peas should be used. The rye and millet tend 
to hold up the vines. Cowpea silage is steadily gaining favor 
in the Southern and Central states. It contains nearly twice as 
much digestible protein as corn silage.
 “The Whippoorwill and New Era are the two varieties 
best suited to the North. Inoculation is seldom necessary in 
the case of cowpeas, as they adapt themselves to almost any 
kind of soil, and the nodules are almost as numerous the fi rst 
year as the second.
 “If sown broadcast one bushel of cowpeas should be 
used to an acre and about one and a quarter bushels of soy 
beans. One grower I know of says he will never use soy 
beans again. He broadcast half a bushel of seed an acre. The 
weeds took complete possession of the ground and his seed 
was as good as wasted.”
 “Seeing a neighbor cultivating corn I stopped to inquire 
about the crops.
 “’This corn,’ says Mills, ‘is mighty poor; I’ll have to get 
some fertilizer and haul a lot of manure if I want a crop next 
year.’
 A photo shows a horse walking through a fi eld of 
soybeans: The caption: “Soy beans will grow in almost any 
soil and will furnish more forage than cow peas.”

430. Wilson, James K. 1915. Calcium hypochlorite as a seed 
sterilizer. American J. of Botany 2(8):420-27. Oct. [28 ref]
• Summary: The soy bean is mentioned only once, on p. 421, 
in a list of plants sterilized by T.R. Robinson. Address: Lab. 
of Plant Physiology, Cornell Univ., New York.

431. USDA Bureau of Plant Industry, Inventory. 1915. Seeds 
and plants imported by the Offi ce of Foreign Seed and Plant 
Introduction during the period from April 1 to June 30, 1913. 
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Nos. 35136 to 35666. No. 35. 69 p. Nov. 9.
• Summary: Soy bean introductions: Soja max (L.) Piper. 
(Glycine hispida Maxim.)
 “35600. Grown at the Plant Introduction Field Station, 
Rockville, Maryland, under Yarrow No. 288. Original seed 
received from Pomona College, Claremont, California, in 
1911.
 ‘It makes a remarkable growth of vines and has 
extremely large root nodules. Two bushels of seed were 
secured last year, and this has all been planted this spring.’ 
(J.M. Rankin.).’”
 “35601/35657. Collected by Mr. Frank N. Meyer, 
agricultural explorer. Received June 14, 1913. Seeds of the 
following; quoted notes by Mr. Meyer:
 “35622-28.
 “35622. ‘(Tsinan, Shantung, China. No. 1822a. April 10, 
1913.) A small black soy bean locally used to produce soy 
bean sprouts. Chinese name Hsiao ghae doh.’ Note: This is 
the earliest English-language document seen (Jan. 2013) that 
uses the term “soy bean sprouts” to refer to these sprouts.
 “35623. ‘(Tsinan, Shantung, China. No. 1823a. April 10, 
1913.) A soy bean which is black outside and green inside. 
Used boiled when half sprouted as a human food. Chinese 
name Lu li ghae doh.’
 “35624. ‘(Tsinan, Shantung, China. No. 1824a. April 10, 
1913.) A soy bean which is black outside and yellow inside. 
Used boiled when sprouted, also employed in soy-bean sauce 
production. Chinese name Tau hsing ghae doh.’
 “35625. ‘(Tsinan, Shantung, China. No. 1825a. April 
10, 1913.) A good variety of yellow soy bean used in the 
manufacture of sauce, bean curd, bean oil, for sprouts, etc. 
Chinese name Huang doh.’
 “35626. ‘(Tsinan, Shantung, China. No. 1826a. April 
10, 1913.) A large green soy bean, considered locally a fi ne 
variety. Used like the preceding one (S.P.I. No. 35625), and 
besides that it is also eaten roasted and salted as an appetizer 
before meals. Chinese name Tsing doh.’
 “35627. ‘(Tientsin, China. No. 1827a. April 16, 1913.) 
A large green variety of soybean used like the preceding 
number (S.P.I. No. 35626). Chinese name Ta tsing doh.’
 “35628. ‘(Tientsin, China. No. 1828a. April 16, 1913.) A 
rare variety of soy bean, being of brown color. Used boiled 
in soups. Chinese name Ta tze doh.’” Address: Washington, 
DC.

432. Tritler, Gus. 1915. Reclaiming the sands: Limestone, 
legumes and phosphorus have turned the trick in Indiana. 
Country Gentleman 80(48):1787-88, 1806. Nov. 27.
• Summary: “The plan for improving the soil in the fi elds 
near the farm buildings has been to apply manure for corn, 
then apply limestone and sow oats and clover or alfalfa. 
A legume crop is left on the soil, to which is made an 
application of rock phosphate or manure and rock phosphate.
 “The order of treatment for the outlying fi elds has been 

different. On fi elds three-quarters of a mile or more from the 
barns a crop of cowpeas or soy beans is grown and turned 
under for manure, after which limestone and rock phosphate 
are applied. These are generally followed by clover or 
alfalfa, although this year a thirty-acre fi eld of soy beans was 
plowed down in preparation for wheat.
 “Before this sandy soil is limed, acid-tolerant legumes 
must be planted if a good crop is expected. The soil is too 
sour to produce clover. Formerly cowpeas was the principal 
crop grown for this purpose, but during the last few years soy 
beans have been grown exclusively. Medium-late varieties, 
such as the Sable, Hollybrook, Mongol, Auburn, and others 
that make heavy growth of vines, are considered best for 
this purpose. Brother Leo is growing the Sable almost 
exclusively at present.
 “Two Tons of Soy-Bean Hay Turned Under: Soy beans 
are nitrogen gatherers. But in order to get maximum value 
from their growth inoculation is essential. On the Notre 
Dame farm they are inoculated by the glue method. About 
three tablespoonfuls of ordinary glue is dissolved in a quart 
of lukewarm water. The beans are sprinkled with the glue 
solution and stirred until each bean has a fi lm of water over 
it. About two quarts of dry inoculation soil are thoroughly 
mixed with a bushel of beans. The beans are dried in the 
shade, after which they are drilled at the rate of a bushel to 
the acre. When grown for soil improvement Brother Leo 
thinks that planting in rows and cultivating are not necessary. 
He believes that just as good results, or better, are obtained 
by drilling the beans. The crop of soy beans that had just 
been turned under for wheat would have made two or two 
and a half tons of hay to the acre. Turning under such a crop 
as this greatly increases the nitrogen and organic matter in 
the soil and improves its productivity. Turning under a crop 
of soy beans that would make twenty-fi ve dollars’ worth of 
hay to the acre may seem like expensive improvement. It is, 
if you value the crop at its market value. But remember that 
it will cost fi ve to eight dollars an acre to harvest, cure and 
market the crop. The only logical way of charging a green-
manure crop against a fi eld is to determine the actual cost of 
production, including interest on the money invested.”
 “The greatest and fi rst need is organic manures. 
Farm manures are excellent, but before livestock can be 
successfully grown the soil must be improved by growing 
legumes–cowpeas, soy beans and vetch–and turning these 
under. Limestone and rock phosphate may then be safely 
added. Hogs may be introduced to harvest the grain of soy 
beans and cowpeas, but cattle have no place on these farms 
before limestone has been applied so clover and alfalfa will 
produce thrifty crops.
 “There is one way in which I am convinced the present 
methods in use in the section may be greatly improved–that 
is by the use of available acid phosphate until the soil is in 
condition to receive the less available rock phosphate. By 
using 200 to 300 pounds of acid phosphate to the acre on soy 
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beans, cowpeas and other green-manure crops, their growth 
and value to the soil would be greatly increased. Available 
phosphate would also greatly improve other crops grown 
before rock phosphate was applied.
 “This section offers many opportunities to young men 
who have suffi cient capital to buy and improve depleted 
farms. A farm of this kind should not be expected to pay 
expenses before the second or third year. The man without 
suffi cient capital to carry a place two years should think 
twice before buying.
 “Recently a farm of 380 acres, located about two 
miles from a railroad station and within six miles of a city 
of 60,000 population, was offered at forty dollars an acre. 
Counting interest on investments this land could be put into 
productive condition at a cost of twenty to thirty dollars 
an acre. This would bring the total cost to sixty to seventy 
dollars an acre. With twenty-fi ve dollars an acre wisely spent 
in improvement the land should produce twenty bushels of 
wheat or forty bushels of corn or three tons of alfalfa hay to 
the acre.
 “The opportunities await the man with capital who has 
the right vision and the nerve to keep it. The principal reason 
why there are millions of unprofi table acres in Indiana and 
in the adjoining states is that the average farmer cannot see 
how he can make a profi t by turning under a green-manure 
crop, such as soy beans or cowpeas, that would sell on the 
market for fi fteen to twenty-fi ve dollars an acre. A gradual 
realization of the need and use of green manures, limestone 
and phosphorus will shortly change the declining, temporary 
agriculture of this section into a permanently productive farm 
business.”

433. Bulletin of the Imperial Institute (London). 1915. 
Recent progress in agriculture and the development of 
natural resources. 13(4):643-67. See p. 649. [1 ref]
• Summary: In the section on “Oils and oil seeds,” a 
subsection titled “Soy beans” (p. 649) states that According 
to the Interim Report, Agric. Dept. Grenada (1913-14, p. 
3), “Early experiments with soy beans in Grenada were not 
successful, but it has now been found that this crop can be 
grown if the soil has been inoculated with that taken from 
land on which the plant has grown satisfactorily.”

434. Mestdagh, Mr. 1915. Note sur la culture du Soja hispida 
à Lusambo, (Sankuru) [Note on the culture of soybeans at 
Lusambo (Sankuru), Belgium Congo]. Bulletin Agricole du 
Congo Belge 6(3-4):272-81. Sept/Dec. English-language 
summary in the Bulletin of the Imperial Institute. 1916. 
14:293. [Fre]
• Summary: Contents: Introduction. Description of the plant. 
Varieties cultivated. Choice of ground. Preparation of the 
ground. Choice of seeds. Planting. Germination and duration 
of the vegetative stage/time to maturity. Crop management 
(cultural care). The soybean as a plant for soil improvement. 

Harvest. Preparation and storage. Yields. Enemies of the 
soybean (insects).
 Yellow soy beans grown in the Congo gave a yield of 
seeds of about 1,310 lb/acre [21.8 bu/acre], and black soy 
beans gave about 1,590 lb/acre. The plants were found to 
do best when planted at the start of the rainy season. Yellow 
soybeans took 85-101 days to mature, and black soybeans 
took 87-90 days. No dates are mentioned in the article.
 Photos (all by Mestdagh) show: (1) A young soy bean 
plant. (2) A fi eld of black soybeans under several palm trees 
with a person standing in the fi eld. (3) A man standing in a 
fi eld of yellow soybeans. (3) Three glass jars containing 100 
seeds of three different sizes and types of soybeans. (4) Soy 
bean pods, containing from 1 to 4 seeds per pod. (5) The 
roots of soybean plants with nodules on them. (6) Insects 
(mounted) that attack the soybean.
 Note: This is the earliest document seen (Aug. 2009) 
concerning soybeans in the Belgian Congo (renamed Zaire 
in Oct. 1971), or the cultivation of soybeans in the Congo. 
This document contains the earliest clear date seen for the 
cultivation of soybeans in the Belgian Congo (1915). The 
source of these soybeans is unknown. Address: Sous chef 
culture 1ere classe.

435. Henry, William Arnon; Morrison, Frank Barron. 
1915. Feeds and feeding: A handbook for the student and 
stockman. 15th ed. Revised and entirely rewritten. Madison, 
Wisconsin: The Henry-Morrison Company. x + 691 p. See 
p. 177-78, 236, 305, 366-67, 375-76, 382, 415, 463-64, 532, 
534-35, 605, 612-13. 24 cm. [24 ref]
• Summary: Contains a review of the literature on the 
soybean and soybean cake or meal. In Chapter 10, in the 
section on “Oil-bearing seeds and their products,” the 
subsection titled “256. Soybean” states (p. 177-78): “The 
soybean, Glycine hispida, is one of the most important 
agricultural plants of northern China and Japan. So great is 
the production of this seed, or grain, in Manchuria that in 
1908 over 1,500,000 tons of soybeans were shipped from 3 
ports, chiefl y to Europe. The bean-like seeds of the soybean, 
which carry from 16 to 21 per ct. of oil, are used for human 
food and for feeding animals. The oil is used for human food 
and in the arts, and the resulting soybean meal is employed 
as feed for animals and also for fertilizing the land, the same 
as cottonseed meal. This plant produces the largest yield of 
seed of any legume suited to temperate climates, but at the 
present time is grown in this country chiefl y for forage.”
 “No other plant so little grown in the United States at 
this time promises so much to agriculture as the soybean, 
which not only yields protein-rich seed and forage but builds 
up the nitrogen content of the soil.”
 “257. Soybean cake or meal” (p. 178). “During recent 
years a considerable amount has been imported to the 
Pacifi c Coast states from the Orient, for feeding poultry and 
dairy cattle. In Europe the unground cake is used in this 
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country the meal. Tho high in price, soybean meal is greatly 
esteemed by western dairymen and is often fed in large 
amounts to cows on offi cial tests.”
 In Chapter 14, titled “Leguminous plants for forage” is a 
long subsection on “358. Soybean” (p. 236).
 In Chapter 19, “Feeds for the horse,” soybeans are 
mentioned briefl y in the subsection on “485. Leguminous 
seeds” (p. 305).
 In Chapter 22, “Feeds for the dairy cow” are subsections 
on “600. Soybeans” (p. 366-67) and “601. Soybean cake” (p. 
367). “617. Soybean hay” (p. 375-76). “618. Soybean silage 
and alfalfa hay” (p. 376). “633. Silage from legumes” (p. 
382). In Chapter 25, “Raising dairy cattle” ground soybeans 
are mentioned in the subsection on “681. Farm grains as 
skim-milk substitutes” (p. 414-15). In Chapter 27, “Feeds 
for fattening cattle” are subsections on “754. Soybeans” (p. 
463-64). “755. Soybeans, cowpeas, and corn” (p. 464). In 
Chapter 31, “Feeds for sheep” soybeans are mentioned in 
the subsection on “856. Minor protein-rich concentrates” (p. 
532) and “859. Legume hays compared” (p. 534-355).
 In Chapter 23, “Feeds for swine” are subsections on 
“977. Soybeans” (p. 605) and “989. Soybean pasture” (p. 
612-13).
 The Introduction begins (p. vii): “The animals of 
the farm should be regarded as living factories that are 
continuously converting their feed into products useful to 
man.”
 In Chapter 9, “Leading cereals and their by-products” 
are subsections defi ning various corn-related terms: “207. 
Corn meal; corn chop; corn feed-meal” (p. 153). “208. Corn-
and-cob meal.” “209. Starch and glucose by-products” (p. 
153-54), “210. Corn gluten feed” (p. 154) and “211. Gluten 
meal.” Note: This is the earliest English-language document 
seen (April 2003) that contains the term “Corn gluten” or 
“Corn gluten feed.”
 In Chapter 10, the section on sorghums and millets (p. 
167-169) states: “The sorghums, Andropogon sorghum and 
Sorghum vulgare, vars. may be divided into two classes–the 
saccharine sorghums, having stems fi lled with sweet juices, 
and the non-saccharine varieties, with more pithy stems and 
juice sour or slightly sweet.” “The non-saccharine, or grain, 
sorghums include kafi r, dura, milo, feterita, kaoliang, and 
the less important shallu... The kaoliangs, early maturing 
sorghums from northern China, are slender, dry-stemmed 
plants, with loose, open, erect heads.” They show “much 
promise for the northern plains section where the other 
types will not mature. The kaoliangs compare favorably in 
yield of grain with the milos, and are even better in severe 
drought.” They were studied in 1911 with good results at 
the Highmore, South Dakota, Branch Station. The sweet 
sorghums, or sorghos, are forage rather than grain producers. 
“The millets chiefl y grown in this country are: (1) the 
foxtail millets, Setaria Italica spp... and (2) the broom corn, 
proso, or hog millets, Panicum miliaceum spp., which have 

spreading or panicled heads, wide hairy leaves, and large 
seed.”
 Also discusses alfalfa, cowpeas, peanuts, and sesame 
cake. Address: 1. D.Sc., D.Agr., Emeritus Prof. of 
Agriculture and formerly Dean of the College of Agriculture; 
2. B.S. Asst. Director of the Agric. Exp. Station. Both: Univ. 
of Wisconsin and Wisconsin Agric. Exp. Station.

436. Illinois Farmers’ Institute, Annual Report. 1915. The 
soy bean. A plant with many uses–Especially valuable for 
feeding with starchy grains. 20:252-53.
• Summary: Contents: Introduction. A plant rich in protein. 
For hay and forage. As a pasture crop. Pork for $2.74 
a hundred. As a green manure crop. Soil requirements. 
Inoculation. Planting the beans.
 “Although the soy bean was introduced into this country 
a number of years ago, and has been the object of much 
discussion in agriculture literature, most of it favorable, 
it is yet grown only in a small way and is unknown to the 
majority of farmers except by hearsay.
 “Illinois is very favorably situated for the production 
of this crop and progressive farmers believe it is destined to 
become one of the most important crops of the State, and one 
that will prove very profi table both as a money crop and as 
an aid in maintaining the fertility of the farms.”
 “The soy bean is readily eaten by hogs and a 
considerable part of their growth may be made by 
supplementing the corn ration with it. The Alabama 
Experiment Station found that when hogs were fed on corn, 
100 lb of pork cost $7.63; when fed a two-thirds ration 
of corn and pastured on soy beans the cost was $2.74 a 
hundred.”

437. Lipman, Jacob G.; Blair, A.W.; McLean, H.C.; Wilkins, 
L.K. 1915. Report of the Soil Chemist and Bacteriologist. 
New Jersey State Agricultural Experiment Station, Annual 
Report 35:207-45. For the year ending Oct. 31, 1914. See p. 
222-23, 237, 240-45.
• Summary: The section titled “Continuous growing of 
wheat and rye–1914” (p. 222-23) states that Ito San soy 
beans were substituted for cow peas on two plots in the 
fall of 1913 on account of cow pea wilt in the soil. Table 
I (p. 223) shows that “leguminous crops are responsible 
for substantial gains in grain and straw and in amount of 
nitrogen recovered.”
 Table VI (p. 237) shows “The yield of dry matter and 
nitrogen as infl uenced by lime–leguminous crops. Soybeans 
(the residual crop in 1914) grown on the limed plots had 
more than twice the dry matter as the check plots.
 The long section titled “Factors infl uencing the protein 
content of soybeans” (whole plants; p. 240-45) describes 
various pot experiments conducted during the summer of 
1914. The following factors were studied: Thickness of 
planting, date of harvesting, different fertilizer materials, and 
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different varieties (Cloud, Ebony, Edna, Guelph, Hollybrook, 
Manhattan, Medium Yellow, Ohio 9035, Swan, Wilson, Tar 
Heel / Tarheel). Medium Yellow, Ebony, and Guelph had the 
highest protein content. Address: 1. Ph.D., Director of the 
Station and Prof. of Agriculture at the State College, New 
Brunswick, New Jersey.

438. Stone, Wm. McD. 1915. Soybean and corn specialist. 
Alliance, Ohio: Albert E. Bradshaw, Printing. 65 p. See p. 
1-18. Illust. 23 cm.
• Summary: Contents: The great responsibility and 
opportunity of the 1915 American farmer (“The European 
war, the greatest war of all this world’s history, has 
not only given to American business men, especially 
American farmers, great and wonderful opportunities for 
doing profi table business but it has also placed a great 
responsibility on American farmers as well. Over 10,000,000 
of Europe’s best able-bodied working men, the largest 
proportion of them farmers, have been taken from their 
regular occupations as producers of the necessities of life and 
put to the work of destroying human life and property in a 
wholesale way. The complete history of the world can show 
no war which for losses can make at all any comparison to 
this one. Europe’s great population has never had too much 
to eat in its best times of plentiful harvest”).
 Introduction (“Nitrogen in a form available as a plant 
food is one of the most necessary of all plant foods, the one 
in least supply, and consequently the highest-priced of all to 
buy. The other great problem is the problem of securing a 
fairly cheap and abundant source of digestible protein food, 
so absolutely necessary for the proper development of the 
live stock industry on the millions of American farms”).
 The universal culture of thrifty, well-inoculated legumes 
(“The three greatest requisites in the growing of such crops 
are legume seeds, bacterial inoculation for the seeds and 
agricultural lime with which to sweeten the soil. We are 
better equipped to furnish all of these than is any other 
establishment in America”).
 “The soybean and the protein problem: On account of 
the tremendous increase in population of the large cities all 
over this country, most of the live stock farms have been 
changing very rapidly from cattle-growing to dairy farms. 
This is especially true in the north-east quarter of the U.S. 
While an abundance of protein food is necessary for best 
results in any kind of live stock production yet a large 
proportion of stockmen were not trying very hard to get best 
results, so they fed their cattle mostly corn and timothy hay, 
with some clover when they happened to have some.
 “Now in changing to dairying most of them have already 
found out that it is absolutely necessary to have a good 
liberal supply of protein grain and forage in order to secure 
the best results.
 “On the average American farm but a very small 
proportion of the protein feed is grown that is necessary 

for a proper development or growth of the live stock which 
the farm should keep. Only a small proportion of American 
farmers grow even a plentiful supply of clover hay. No high-
producing dairy cow is able to secure all the protein feed 
which she needs, from red clover hay alone. Neither will the 
grains commonly grown in the past on the ordinary farm, 
such as corn, oats and wheat, furnish the amount or kind of 
protein needed to properly balance the feed ration for dairy 
cows.
 “Where then, as a rule, does the American dairyman 
get his protein feed? Well, he buys it in the commercial feed 
sacks, and helps his brother farmers to bid up, higher and 
higher, the prices of these feeds, put-up and sold by the great 
milling companies of this nation. After they, the dairymen, 
have deducted from the amount of their cream checks, 
their bills for bran, linseed oil meal and other protein feeds 
necessary to properly balance up the dairy rations with their 
farm-grown timothy hay and cornfodder, they have but little 
cash remaining. To increase the size of the cash balances 
remaining from these cream checks several changes should 
be made in farm management.
 “First: Grow the high-priced protein feed on your own 
farms, instead of buying it.
 “Second; Feed all the farm grown feed to much better 
cows.
 “Third: Make plans to get better prices for both milk, 
butter and calves.
 “No other business could endure such systematic 
robbery as has the American dairy industry suffered for 
years. Certainly it has been the easy and generally willing 
prey of worthless ‘boarder’ cows, of extortionate feed-
dealers and of unscrupulous milk buyers. The dairy industry 
had better part with these incumbrances as soon as possible.
 “What crop will best furnish the rich protein feed to 
properly balance up the rations in connection with other 
farm-grown feeds? That crop is The Soybean.
 “The corn crop long ago solved the problem of 
furnishing the bulky carbohydrates food for dairy and beef 
cattle, supplemented of course by ordinary farm grown hay. 
The growing of soybeans is the most natural and reasonable 
way of producing the high-analyzing protein feed on the 
average American farm.
 “In most sections it will very handily take the place of 
oats in a corn, oats, wheat, clover rotation, or if the soybean 
ground cannot be put to wheat in time, then clover may be 
sown with oats the following spring, thus keeping up the four 
year rotation.”
 A large photo shows: “One of the World’s Record-
Breaking Cows Which Has Its Daily Ration of Stone’s 
Soybean Silage.”
 “How very valuable as a protein feed is the soybean may 
be judged by comparison with other farm crops in analysis 
of protein as follows; Soybean grain, 36,3%; oats, 11,8%; 
corn, 10,5%; barley, 12,4%; rye, 10.6%; buckwheat, 10%; 
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fl axseed, 22.6%; cowpeas, 23.5%; sunfl ower seed, 16.3%; 
cottonseed (with hulls), 19.6%; wheat, 11.9%.
 “Soybean hay, 15.4%; alfalfa, 14.3%; cowpea hay, 
16.6%; peavine [cowpea] hay, 13.7%; vetch hay, 17%; 
crimson clover, 15.2%; alsike clover, 12.8%; red clover, 
12.4%; orchard grass hay, 8.1%; red top, 8%; blue grass, 
7.8%; mixed grasses, 7.4%; timothy, 6%; cornfodder, 5.1%; 
corn stover, 4.5%.
 “Soybean silage, 4.1%; cowpea silage, 2.7%; peavine 
silage, 5.9%; corn silage, 1.9% to 2.2%; sorghum silage, 
0.8%.
 “The above analyses are from Bulletin No. 155, of Ohio 
Agricultural Station at Wooster, Ohio. Notice the higher 
protein content of all the legumes in the above list, compared 
with the non-legumes.”
 “We believe that the poultry business is going to prove 
one of the large bidders for the commercial soybean grain 
crop...”
 “Seed of over 300 varieties of soybeans have been 
imported from India. China. Japan, Siberia, Manchuria, and 
other nations by the U.S. Dept. of Agriculture and tested by 
it as to grain and forage yields and other qualifi cations. We 
have tried out about 50 of the best varieties and sell to our 
customers only those varieties which have proved to be the 
most satisfactory for either grain, hay, ensilage, or green 
manuring.
 “The time is not far distant when but comparatively few 
progressive livestock farmers will not grow soybeans as one 
of their regular farm crops.
 “Soybeans for Ensilage: A large proportion of the 
soybeans now grown on dairy farms are cut for ensilage. 
This saves the whole plant; leaves, stems and grain and at a 
time when it contains the most digestible food. Soybeans do 
not make good-keeping ensilage by themselves because they 
are hollow-stemmed. But if mixed with corn for ensilage, the 
sap from the green corn will fi ll up these hollow stems and 
the silage will keep very well and will also be mixed, ready 
for feeding.”
 Note: This catalog is owned by Special Collections, 
USDA National Agricultural Library, Beltsville, 
Maryland. It has been digitized and is available on the 
Internet Archive website: https://archive.org/details/
usda-nurseryandseedcatalog Address: Soybean and Corn 
Specialist, Atwater, Portage County, Ohio.

439. Vivian, Alfred. 1915. First principles of soil fertility. 
New York, NY: Orange Judd Co.; London: Kegan Paul, 
Trench, Trübner & Co., Ltd. 265 p. Illust. Index. 19 cm.
• Summary: Although “1915” is printed on the title page 
as the year of publication, this edition is actually identical 
to the original 1908 edition. The copyright date of both is 
1908. Address: Prof. of Agricultural Chemistry, College of 
Agriculture, Ohio State Univ.

440. Woll, Fritz Wilhelm. 1915. Productive feeding of farm 
animals. Philadelphia, Pennsylvania: J.B. Lippincott Co. xi + 
362 p. Illust. (96 in text). Index. 22 cm. Series: Lippincott’s 
Farm Manuals. [10 ref]
• Summary: Soybeans are mentioned on pages ix, 9, 11, 12, 
68, 90, 96, 114, 125, 127, 157, 161, 175, 176, 202, 221, 275, 
308, 327, 332, 337, 339, 340-43, 349, 350-52, 361.
 Chapter 1, “The composition of feeding stuffs,” contains 
a section on “Classifi cation of proteins” which states (p. 9): 
“Protein substances are generally classifi ed as (1) simple, 
(2) conjugated, and (3) derived proteins... b. Globulins 
are insoluble in water, but soluble in a 10 per cent sodium 
chloride solution. The globulins are abundant in plant 
materials and have been identifi ed in many seeds of plants. 
The following are present in the cereals and other common 
seeds: Maysin in corn kernels, edestin in corn, wheat, 
cotton seed, hemp and fl axseed, avenalin in oats, legumin 
and vicilin in leguminous seeds (peas, lentils, horse beans), 
glycin in soybeans, and conglutin in lupines.”
 Page 11: Concentrates (p. 11): “Peanut cake meal, 
containing about 48 per cent protein; cotton-seed meal and 
soybean meal, 40 to 45 per cent; gluten meal, 34 to 36 per 
cent; soybeans and linseed meal, 34 to 36 per cent; dried 
distillers’ grains, 32 per cent; malt sprouts and dried brewers’ 
grains, 26 per cent.”
 “Fats are organic compounds consisting largely of 
mixtures of fatty acids, combined with glycerine (so-called 
glycerides). The more common fats are stearin, palmitin, 
and olein... Lineoleic [sic, Linoleic] and linolenic acids are 
also found in the seeds of some plants, like fl axseed and 
soybeans; on exposure to the air in a thin layer, they take up 
oxygen and ‘set,’ i.e., they dry and harden. This difference in 
the behavior on exposure to the air is characteristic of drying 
and non-drying oils.
 A bar chart titled “Fats in common feeding stuffs, in 
per cent,” based on the ether extract of these foods, shows: 
Flaxseed 34%. Soybeans 17%. Dried distillers’ grains 12%. 
Cotton-seed meal 10%. Linseed meal 8%.
 A section on “The siloing process” states (p. 68): “From 
what has already been said, we should not expect that the 
siloing process will appreciably affect the digestibility 
of feeding stuffs, since the heat generated in the silo 
fermentation will rarely exceed 60º C. (140º F.). The 
following average digestion coeffi cients for three kinds 
of silage will show the infl uence of the siloing process as 
regards digestibility:” Included in the table are soybeans and 
soybean silage. The coeffi cient for the dry matter of both is 
67%.
 Part II, “Description of feeding stuffs” begins with 
“Coarse feeds.” Chapter 12, “Green forage and hay crops,” 
begins with a section on “Pastures” which notes that in the 
Cotton Belt, the main grasses and clovers are “Cowpeas, 
Johnson grass, soybeans, Bermuda grass, crab grass, Japan 
and crimson clover.”
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 The section on “Soiling crops” notes (p. 96): “Among 
crops that have proved satisfactory soiling crops may be 
mentioned: Indian corn, alfalfa, clover, vetch, sorghum, 
peas, oats, winter grains (cut before blooming), soybeans, 
cowpeas, rape, millet, etc.”
 The section on “Hay from leguminous crops” states 
(p. 114): “The most important species of legumes adopted 
for feeding farm animals are clover (red, mammoth, alsike 
{pronounced AL-sik}, white, crimson, Japan), cowpea, 
soybean (Fig. 15) vetch, pea, bean, beggar weed, and 
peanut.” A brief description is given of each in the following 
pages.
 “Soybean (Glycine hispida, Fig. 21) is of greater 
importance for seed production than for forage purposes, 
except in the South, where its value as a forage plant, for 
feeding green, as hay or as silage, is about as great as for 
production of seed. It is grown for the sake of the seed 
throughout the United States about as far north as corn will 
mature. In the Gulf States it will usually yield six to ten tons 
of green forage or silage to the acre and one and one-half to 
three tons of hay. Soybean fodder is a high-protein feed that 
can be produced under practically the same conditions as can 
Indian corn. The composition of the soybean plant is quite 
similar to that of alfalfa, as will be seen from the following 
table.” This table gives the composition of the soybean plant 
in the forms of green fodder, hay, straw, silage, and seed, 
compared with “Alfalfa hay.”
 Chapter 15, “Silos and silage,” says (p. 157): “The fact 
that corn silage is relatively low in protein has led to the 
suggestion that leguminous crops be placed in the silo with 
the corn. The most successful crops for this purpose are 
cowpeas or soybeans grown in the corn, both being cut for 
the silo at the same time. Cowpeas mature at about the same 
time as corn in the South, and furnish large yields of feed; 
they make a valuable mixed silage for southern stock farms. 
Soybeans may be successfully used for the same purpose 
and can be grown farther north; grown together with Indian 
corn, they make a good quality of silage that is considerably 
richer in protein than corn silage alone (p. 340).” Page 161: 
“Corn-soybean silage gave better results with dairy cows 
than straight soybean silage, in experiments by Professor 
Humphrey and the author at Wisconsin station (9).”
 In chapter 16, “The concentrates,” the section on 
“Leguminous and oil-bearing seeds” notes (p. 175): “The 
leguminous seeds, like peas and beans, soybeans and 
cowpeas, are valuable concentrated feeds, and their use for 
feeding farm animals is increasing every year, as farmers 
come to realize their value and appreciate that they can 
greatly reduce their feed bills by growing high-protein forage 
and grain crops on their farms. At the same time the fertilizer 
bills may be reduced, since these crops render available 
for plant use the free nitrogen of the air through symbiosis 
with certain soil bacteria, and leave the soil richer in this 
expensive fertilizer element than it was before the crop was 

grown thereon (p. 113). These grains have a high digestibility 
and contain two or three times as much digestible protein 
as the cereal grains.” A table (p. 176) gives the chemical 
composition of four leguminous seeds: Canada fi eld pea, 
horse bean, soybean, and cowpea.
 The section on “Oil meals” states (p. 202): “Soybean 
meal is the ground residue obtained in the manufacture of 
soybean oil. The meal fed in this country is imported from 
either Japan, China, or Manchuria; so far as is known, none 
is manufactured here, although soybeans are now grown 
quite extensively in various sections of the United States. 
It is a valuable concentrate for farm stock, and is one of the 
richest nitrogenous feeds on the market, containing about as 
much protein and fat as cotton-seed meal (41.4 per cent and 
7.2 per cent, respectively); it has a lower fi ber content (5.3 
per cent) and a higher digestibility than this meal. According 
to Kellner, only 3.4 per cent of the protein is present in 
amide form, and the protein has a digestibility of 97.7 per 
cent. The soybean meal is, therefore, a highly digestible feed, 
well adapted for feeding young stock, dairy cows, steers, and 
other farm animals. It is fed in this country almost entirely on 
the Pacifi c coast, where it is used largely for poultry feeding. 
It makes a good substitute for linseed meal, pound for pound, 
for dairy cows, and is one of the most promising concentrates 
available for stock feeding; the only objection to its use, so 
far as is known, is its cost, which is, as a rule, considerably 
above that of linseed meal or cotton-seed meal.”
 Chapter 21, “Calf feeding,” says (p. 221): “Some feeds 
cannot, on the other hand, be used for calf feeding with skim 
milk, or must be fed with great care, for the reason that they 
tend to increase the danger of scouring; examples are cod-
liver oil, molasses, soybeans, and oil meal.”
 Chapter 23, “Feeding beef cattle,” states (p. 275): 
“Excellent forage crops, like alfalfa, cowpeas, velvet beans, 
sorghum, soybeans, etc., together with cotton-seed meal, 
are the main feeds which will enable southern farmers to 
raise and fatten beef cattle cheaply and which will lead to a 
gradual development of the cattle industry in the South.”
 Chapter 25, “Feeding swine” has a table (p. 308) titled 
“An approximate ration for pigs intended for breeding 
purposes” based on the elaborate system of Dietrich. The 
pounds of feed per 100 pounds live weight per day is based 
on the age of the pigs in months (2 to 8 months). Corn 
increases from 2.7 to 2.9. Soybeans (seed) from 0.4 to 0.7. 
Skim milk decreases from 6.0 to zero. Water varies in the 
range 4.4 to 9.2.
 Illustrations: (15) A soybean nitrogen factory (p. 114). 
(21) A fi eld of soybeans (p. 126). (32) Corn and soybeans 
grown for silage (p. 160).
 Note: Fritz Wilhelm Woll lived 1865-1922. Address: 
Prof. of Animal Nutrition, Univ. of California at Davis; 
formerly Prof. of Agricultural Chemistry, Univ. of 
Wisconsin.
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441. Dean, William Harper. 1916. Crops that grow 
crops: They make land richer and pay their way. Country 
Gentleman 81(1):3-4. Jan. 1.
• Summary: The biggest problems in American farming 
today are restoring fertility to worn-out soils and preventing 
the loss of soil fertility. The most economical way to do this 
is with legumes, which take nitrogen from the air, store it in 
root nodules, and fi nally give it to the soil. Various legumes 
are discussed, including red clover, crimson clover, sweet 
clover, vetches, soy beans, and cowpeas.
 “Soy beans. A legume yielding a hay rich in protein, 
making heavy growth and capable of enriching the land to 
a greater extent than cowpeas. The stubble of soy beans is 
commonly turned under after the hay has been cut. This 
legume has a wide range of climate, succeeding where 
cowpeas fail–especially in far northern latitudes. When 
planted in fi elds that have not grown the crop in the past the 
land should be inoculated.”

442. Vrooman, Carl. 1916. Grain farming in the corn belt 
with live stock as a side line. Farmers’ Bulletin (USDA) No. 
704. 48 p. Jan. 20. See p. 16-19, 21-23, 25.
• Summary: Soy beans are mentioned briefl y (p. 16-17) in 
the section titled “Rotations.” One good rotation is corn, 
soy beans or cowpeas, wheat, then clover and timothy. A 
good sandy land rotation is soy beans with a rye cover crop 
followed by corn with a rye cover crop.
 The section on “Legumes” (p. 17-22) states that 
“Alfalfa, soy beans, clover, and sweet clover are the legumes 
best adapted to the corn belt.” “Alfalfa can be made to grow 
fair crops on poor soil, but if the soil is very thin it is always 
advisable to put on a good coating of stable manure or grow 
and plow under a crop of soy beans, cowpeas, or sweet 
clover, before seeding to alfalfa.”
 The subsection on “Soy Beans” (p. 21-22) states: “Soy 
beans are a splendid legume crop with which to fi ll in when 
clover or other crops fail, or for building up thin, sandy soil. 
At present they bring the largest money return when sold for 
seed, but are a profi table crop, either cut for hay, used for 
pasture, hogged down, or fed as concentrates. This crop is 
usually planted a little later than corn, on ground prepared 
as for corn. Whether sowing solid or in rows, use from four 
to fi ve pecks of seed per acre. Inoculation is necessary when 
starting soy beans on a new fi eld. A grain drill is the best tool 
for seeding soy beans.”
 “Cut soy beans for hay while the leaves are still green 
and with the beans in the ‘dough.’ For seed, cut after the 
leaves are well ripened and beginning to fall and the seed 
pods well dried and almost ready to open. If allowed to 
stand too long, however, a large percentage of the beans will 
shatter out in handling. Cut for hay with an ordinary mower 
and rake and bunch as soon as the vines have wilted, It takes 
several days of bright drying weather to cure the hay so 
that it can be stacked safely or put in the mow. Cut for seed 

with the binder, if the vines are tall enough, otherwise use a 
mower, preferably with a buncher attachment. If you have 
no buncher, use the mower and follow immediately with the 
rake, Handle the vines as little as possible.
 “Soy beans are easily thrashed with either a bean huller 
or a common thrashing machine. If the latter is used, all the 
concaves should be removed and the cylinder run at about 
half-speed. Thus few beans will be cracked, yet if a good 
current of wind is kept on the riddle the beans will be well 
cleaned.
 “Care should be taken to let soy-bean seed dry 
thoroughly before putting away in tight bins, as they contain 
a large amount of moisture.
 “Another way to handle soy beans is to drill them 
with corn and then hog off both together. This makes 
approximately a balanced ration, which serves admirable for 
hog feed. A fi eld planted in this way is almost sure to give a 
good cash return. A farmer in Champaign County, Illinois, 
hogged off 40 acres of corn and soy beans in 1914 and found 
that the fi eld gave him a net profi t of $9.60 per acre more 
than any other fi eld on his 800-acre farm.”
 Soy beans are also discussed in the section on 
“Inoculation” (p. 25). Address: Asst. Secretary of Agriculture 
[USDA].

443. Morse, W.J. 1916. Soy beans profi table to cotton states: 
Expert of the Department of Agriculture gives thorough 
lesson on soy beans, which have greater feeding value than 
cottonseed meal. Crop would thrive in Louisiana. Item 
Farmer (New Orleans, Louisiana) 4(42):8. Jan. 22.
• Summary: Contents: Introduction. Adaptations. Soil 
preparation. Fertilizers. Inoculation. When to sow. Rotations. 
Mixtures. Many varieties. Soy beans for hay. Soy beans for 
pasture. Soy beans for soiling. Soy beans for ensilage. Soy 
beans for seed. The feeding value. Storing soy beans. Value 
for human food. Address: Scientifi c Assistant, Bureau of 
Plant Industry, USDA.

444. Wing Seed Co. 1916. Wing’s seed book (Mail order 
catalog). Mechanicsburg, Ohio. 96 p. Jan. Illust. Index. 25 
cm.
• Summary: Joseph E. Wing, a pioneer in introducing alfalfa 
and soy beans, died on 10 Sept. 1915, “a few weeks” before 
this catalog was published. The front cover bears the date 
1916 and two sepia photographs of farm fi elds, the bottom 
one with a young boy and girl. There are two inserts. One 
is a price list dated Dec. 27, 1915. The other, by Charles B. 
Wing, announces “A Wing farm for sale.” The Introduction 
contains a tribute to Joseph Wing, and also mentions his 
work with soybeans. This catalog contains a fairly long 
section on “Soy beans” (p. 15-18) with the following 
contents: Introduction. Planting and cultivation. Inoculation. 
Harvesting for grain. Harvesting for hay. Varieties (grain vs. 
forage varieties).
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 Grain varieties: Wing’s Mikado, Wing’s Mongol, Ito 
San, Medium Green, Mammoth, trial ground’s beans. Forage 
or dual purpose beans: Wing’s Extra Select Sable [black 
seeded], Wing’s Pedigreed Sable, Wing’s Royal (new; 
another selection from Wing’s Extra Select Sable), Jet, 
Wilson.
 Photos show: (1) A man wearing a hat, coat and tie 
standing knee-deep in a fi eld of Wing’s Pedigreed Sable 
Soybeans. (2) Mature uprooted plants bearing leaves and 
many pods: Wing’s Mongol soy bean. (3) Ito San. (4) Wing’s 
Pedigreed Sable. (5) Forage Beans–Wing’s Sable on the 
right, Wilson on the left. Planted in rows 8 inches apart. (6) 
Wing’s Mikado, with many pods. Wing’s Royal.
 The price list gives prices for fi ve different types of 
“Soys.” Prices are given for the following: per pound 
postpaid ($0.35–$0.45), per 10 lbs. not postpaid ($0.60 to 
$1.00), per 60 lb ($3.25 to $5.00), per 100 lbs ($5.40 to 
$8.35), 5 bushel lots per bushel ($3.20 to $3.80), 10 bushel 
lots per bushel ($3.15 to $3.75). The fi ve types of “Soys” are 
(in ascending order of price): (1) [Wing’s] Extra select Sable, 
Wilson, Jet, (2) Mikado and Mammoth, (3) Ito San, Mongol, 
Medium Green, (4) Wing’s Royal, and (5) Wing’s Pedigreed 
Sable.
 The farm for sale is 240 acres located 5 miles west of 
Mechanicsburg, “a village of 2,000 inhabitants with splendid 
high school, good churches, and good shipping facilities. A 
macadamized road extends from Mechanicsburg to within 
one-half mile of this farm.” On the farm is a comfortable 
six-room house and a barn 36 by 80 feet built 4 years ago 
at a cost of $3,500. Prices and terms: $25,000. One third 
cash, balance in yearly installments of $1,000. 6% interest. 
“Possession can be had immediately or March 1st, 1916.” 
For further details contact Chas. B. Wing, President and 
general manager, The Wing Seed Co., Mechanicsburg, Ohio.
 Note. This is the earliest document seen (Aug. 2004) 
that mentions the soybean variety Wing’s Pedigreed Sable. 
This variety is not mentioned in Wing’s previous catalog 
(Jan. 1915), which is owned by Soyfoods Center. Address: 
Mechanicsburg, Ohio.

445. Latham, F.P. 1916. Soy beans for southern farmers: 
Forage crops vs. cotton, and soy beans as a solution–second 
in a series of three articles. Progressive Farmer (The) 
(Raleigh, North Carolina) 31(9):286. Feb. 26.
• Summary: “The lack of adequate forage production in 
the South, of both roughage and grain, is the most serious 
impediment in our advance to the place to which our soil and 
climate entitles us.” The South needs “provender crops” now 
that little profi t can be made from growing cotton. Legumes 
assimilate nitrogen from the air and transform it into valuable 
animal feeds without drawing heavily on nitrogen in the soil.
 “I know of no plant that extracts more of its composition 
from the invisible wealth about us than the soy bean. Nor 
do I know any other plant that fi lls the numerous forage 

requirements of the Southern farmer as perfectly as it does. 
As a producer of hay its yield per acre of a high-class 
article is equal to that of any of our recognized hay plants. 
It possesses the added advantage over many other crops 
of being a creditable grain yielder... the hay has proved 
practically equal to alfalfa, a feed recognized as being in 
the ‘A’ class of American provender. The grain contains 
much higher feeding value than corn; in fact, the digestible 
contents are higher than cottonseed meal.
 “The plant... has the knack of coming back and making 
good after receiving setbacks that would put a less hardy 
plant entirely out of business. It is further possessed of 
a wonderful capacity for adjustment. It can be wedged 
in all over the farm, once the habit is formed. Drilled or 
broadcasted after wheat or oats, it gets busy and makes a 
valuable second crop. Planted in corn in June, it utilizes the 
time of the land from corn maturity to near frost, without 
lessening the yield of the latter.” The writer has used it as a 
“catch crop” sowed at the last working of corn and peanuts. 
The key is to use legumes.
 A small oval portrait photo shows F.P. Latham. Note: 
This periodical is published in Raleigh, North Carolina. 
Address: Belhaven, North Carolina.

446. Jones, S.A. 1916. Peas and beans. Monthly Crop Report 
(USDA) 2(2):18-19. Feb. 29.
• Summary: “Since the discovery, in the present generation, 
of the full value of the legumes as soil renovators, through 
the addition to the soil of nitrogen, the importance of their 
place in an intelligent system of farming continues to receive 
increasing recognition by the average farmer.” Each of the 
major types is discussed in this order: Soy beans, common 
white and colored beans, lima beans, velvet beans, Canadian 
fi eld peas, and cowpeas.
 “Soy beans: The soy bean is to a certain extent a 
competitor of the clovers, but its principal usefulness is as 
a substitute for the latter is sections where clovers are not 
successfully grown. The production of soy beans met fi rst 
with marked favor in North Carolina and Tennessee, and 
these two States remain the leaders in the production of this 
crop, though their area of growth has rapidly extended into 
other States, particularly to the north and west. They are 
comparable with cowpeas as a forage crop, but have met 
with more favor north of the cotton belt than in it, where 
cowpeas have the preference.
 “The relatively greater popularity of the soy bean 
compared with the cowpea in the northern portion of their 
range of cultivation, may be in part due to the fact that the 
former produces relatively better than the latter on rich clay 
loams, and more poorly on thin and sandy soils. It also does 
better on lowlands. Conversely, droughty conditions and 
extreme heat cause the leaves to drop from the plant, making 
it less valuable for hay, the grain shatters badly, and the crop 
requires much more skill and attention in handling than 
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cowpeas, which facts, particularly in view of the type of farm 
labor in much of the cotton belt, makes it less available there 
than the cowpea.
 “Soy beans are not generally used as a human food in 
this country, although perfectly edible. Its principal use is 
as a stock food, about 10 per cent being fed as mature grain, 
mostly in the form of milled feed, 15 per cent as grain in 
the straw, either cut or pastured, and 52 per cent as hay cut 
green or siloed. Four per cent is plowed under for fertilizer, 
about 18 per cent, or over 3 bushels from each acre, is saved 
as seed. As one bushel out of the normal yield of 18 bushels 
per acre would suffi ce to seed an acre, if broadcast, and 
half a bushel if planted in cultivated rows, it is evident that 
the acreage of this crop must be increasing rapidly. In dairy 
sections, the soy bean is often planted with corn, and both 
crops are harvested together and cut up for silage.”
 A table (p. 19) titled “Soy beans” gives statistics on 
utilization in the following states: Virginia, North Carolina, 
Ohio, Tennessee, Alabama, Mississippi, and All other. For 
each state is given (in 11 columns): Percentage of the crop 
used for: Human food (grain), stock feed (matured grain), 
stock feed (mature grain fed in the straw or pastured), seed, 
cut green for hay. Normal yield per acre: Grain, plant cut 
green for hay. Planting, usual date. Harvesting, usual date. 
Acreage, compared with total acreage of all beans and peas 
in State. Virginia has the highest use for human food (6%). 
Mississippi has the highest yield of grain (22.0 bu/acre) 
followed by Virginia (20 bu) and Ohio (20 bu). Ohio has the 
highest percentage of soybean acreage compared with total 
acreage of all beans and peas in State (43.0%), followed 
by Tennessee (15.0%), and Alabama (5.0%). Soybeans are 
planted from May 15 to June 15 and harvested from Sept. 10 
to Sept. 20.
 Note: This is the earliest USDA publication seen that 
gives statistics on soybean utilization (by state) in the United 
States; however it does not give soybean production or 
acreage by state, or in the USA as a whole. Address: Bureau 
of Crop Estimates.

447. Lipman, Jacob G.; Blair, A.W. 1916. Factors infl uencing 
the protein content of soybeans. Soil Science 1(2):171-78. 
Feb. [2 ref]
• Summary: This is a continuation of work begun in summer 
of 1914, an account of which was given in the Annual 
Report of the New Jersey Experiment Station for that year. 
Contents: Introduction. Series I: Rate of seeding. Series II: 
Can nodule formation be depressed? (by adding nitrogen to 
the soil). Series III: Varieties. Variety test of soybeans–Field 
experiment. Crop of 1915.
 The following 15 varieties were tested: Baird, Black 
Eyebrow, Claud, Ebony, Edna, Guelph, Hollybrook, Ito San 
(Plot 67), Manchu, Manhattan, Medium Yellow, Ohio 9035, 
Swan, Tarheel, Wilson. Table 4 (p. 175) shows (for these 15 
varieties) the grams of dry matter, percentage of nitrogen, 

and total amount of nitrogen in the green vines and pods, 
matured stems, and matured seeds. Five varieties show more 
than 6.5% of nitrogen in the dry beans: Manhattan (6.809%), 
Hollybrook (6.775%), Black Eyebrow (6.660%), Ebony 
(6.612%), and Swan (6.533%).
 Table 5 (p. 177) shows (for these 15 varieties) the yield 
of dry matter and nitrogen content of these soybeans (1915, 
calculated to acre basis). The three columns are: Dry weight 
of vines and pods (lbs), dry weight of shelled beans (lbs), 
and per cent nitrogen in shelled beans. Each of the three 
columns is divided into two parts: Limed, and unlimed. The 
two soybean varieties with the highest yields of dry weight 
of shelled beans (both limed) were Swan (1,278 lb) and Edna 
(1,240 l). Address: 1. Director; 2. Associate Soil Chemist. 
Both: New Jersey Agric. Exp. Station.

448. Latham, F.P. 1916. The soy bean a great soil builder: 
Third and last of a series of articles on soy beans for 
southern farmers. Progressive Farmer (The) (Raleigh, North 
Carolina) 31(10):342. March 4.
• Summary: “Above all others, the problem of paramount 
importance to the owners of the farms of the Cotton Belt 
today is the restoration of fertility and the maintenance 
of productive capacity... The only continued assurance of 
permanent fertility of soils is the maintenance of humus, 
and the only practical and economical source of valuable 
nitrogen-carrying humus open to all farmers is by legume 
culture.”
 “One of the most prevalent and economical methods of 
utilizing the soy bean crop is to feed as forage and use the 
manure for renovation. Another very popular method that has 
its strong advocates is that of ‘hogging down’ the crop. By 
the latter method the labor of harvesting is eliminated and the 
whole amount of nitrogen less the small amount going into 
the composition of the animal body is returned to the soil.
 “The practice of storing free nitrogen from the air in the 
soil is the South’s salvation. If soy bean’s are the agents to 
be used, they will pay a substantial revenue to the grower 
for the privilege of feeding to his hungry soils this invisible 
necessity to which all plant life owes its vigor. Their 
character of growth and habits of production both commend 
them to the. Southern farmer as a renovator. If conditions 
change after the crop has been planted, making the alteration 
of plans desirable, the utilization of the crop can be switched 
to any one of many channels of usefulness. In other words, 
they constitute the monkey-wrench member of the legume 
family.
 “A renovating plant to be popular with Southern 
farmer’s must be a dual purpose one, able to stand abuse 
and still make good. Soys fi t that angle. My observation 
and experience have led me to the conclusion that if soys 
are given their proper place and attention on every farm, 
the grower’s anticipation will be fulfi lled with gratifying 
results.”
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 An oval portrait photo shows F.P. Latham. Address: 
Belhaven, North Carolina.

449. Brill, Harvey C. 1916. The salicylic acid reaction of 
beans. Philippine J. of Science 11(2):81-89. March. [14 ref]
• Summary: “The bean is especially important since it not 
only furnishes food for man and beast, but enriches the 
soil in which it grows by taking nitrogen from the air and 
converting it into compounds available for plant growth. 
The Chinese and Japanese have recognized this fact from 
time immemorial, and their culture of the soy bean (Glycine 
hispida) has assumed large proportions.” In 1914, the 
Philippines Islands imported 2,798,215 kg various species 
of dry beans [probably including some soy]; 63% by weight 
came from China, 17.9% from Japan, 14.9% of the United 
States, and 4.1% from Spain.
 Some varieties of soy beans, particularly those grown 
in Japan, contain a substance which is soluble in alcohol 
and ether, volatile in steam, crystallizable, and yields a 
violet coloration with ferric chloride in acid solution. The 
substance, which is probably Brand’s maltol, does not 
give a reaction with Jorissen’s test for salicylic acid (a red 
coloration when the solution is heated with potassium nitrite, 
acetic acid, and a trace of copper sulfate). It appears to be 
formed by enzymic action in the beans. Address: Lab. of 
Organic Chemistry, Bureau of Science, Manila, Philippine 
Islands.

450. J. of the Board of Agriculture (London). 1916. The soya 
bean. 22(12):1286-87. March. Summarized in the Bulletin of 
the Imperial Institute. 1916. 14:293-95. [1 ref]
• Summary: “Experiments with soya bean cake tend to show 
that, when fed in moderation, it is a useful feeding stuff; 
otherwise it is apt to prove distinctly laxative. For this reason 
it is usually given along with undecorticated cotton cake. At 
present prices it is one of the cheapest feeding stuffs on the 
market. (See also p. 1277 of this Journal).” In 1912, some 
188,760 tons of soya beans were imported to England, worth 
£1,567,960. Imports were 76,452 tons in 1913, then 71,161 
tons in 1914, and 175,136 tons in 1915.
 Discusses early attempts to grow soybeans in Great 
Britain. “Previous to 1909 a few attempts had been made to 
grow the crop in England, but without any success; at best, 
the plants grew up to fl owering stage but formed no seed. 
About this time, with the object of securing the hardiest sorts 
in cultivation, the Board obtained from an experiment station 
in North Japan, seed of 16 varieties, together with a small 
quantity of soil in which the crop had been grown. These 
were sown at the Midland Agricultural and Dairy College 
and on the Cambridge University Farm. At both centres the 
results were similar–many of the varieties grew well, but 
none formed fl owers. Where the Japanese soil had been 
applied the nodule formation was all that could be desired, 
but where no inoculation had taken place, no nodules were 

formed.
 “In 1910 the Board obtained seed of several varieties 
from Manchuria. These were grown at the same centres as 
before. At the Midland College the crop grew vigorously, 
but formed no seed, while at Cambridge the plants ripened 
a small quantity of seed. This seed was sown in 1911, but 
the crop made little growth, and in spite of the hot season no 
seed was produced.
 “These results prove conclusively that the Japanese and 
Manchurian varieties hitherto tested cannot be relied upon 
to produce seed in this country. As the plant appears to be a 
very variable one, however, it is not impossible that a variety 
suited to conditions in this country may yet be produced.
 “In some experiments at Wye College, Kent, with seed 
supplied by the Macdonald College, Quebec [Canada], well-
fi lled pods were produced in 1910, from a variety known as 
“Early Tennessee,” when the soil was inoculated.
 “Apart from seed production the plant might have some 
value in this country as a forage crop. It appears to resist 
drought well, and is largely grown in the United States for 
green fodder, which appears to be liked by all classes of 
farm stock. In general composition the green plant resembles 
clover.” Address: London, England.

451. Moss, D.L. 1916. Bacteria, our invisible friends and 
foes: their relation to agriculture. Article No. 14 on “Farm 
facts every boy should know.” Progressive Farmer (The) 
(Raleigh, North Carolina) 31(14):450. April 1.
• Summary: The article begins with a sidebar: Learn What 
These Words Mean:
 “Bacteria (singular, bacterium)–one-celled vegetable 
organisms occurring nearly everywhere in nature and which 
profoundly affect the lives of practically all plants and 
animals.
 “Bacilli (singular, bacillus)–rod-shaped bacteria.
 “Spirilli (singular, spirillus)–bacteria that are curved or 
spiral in shape.
 “Cocci (singular, coccus)–bacteria that are spherical or 
ball-like in shape.
 “Fission–a process of reproduction by which single cells 
divide into two cells.
 “Saprophytic–a term descriptive of the kind of bacteria 
that live on dead organic matter.
 “Parasitic–a term descriptive of bacteria that live on 
living animal or plant tissues.
 “Inoculation–the process by which bacteria are 
introduced into any medium not containing them.
 “Pathogenic–A term used to describe bacteria that cause 
disease.”
 “Still other friendly bacteria that are of vast economic 
importance to the whole world are those that live on the roots 
of certain plants called legumes and that have the remarkable 
power of taking nitrogen from the air and putting it in a form 
in which it can be used by the plants.
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 “The great value of this particular kind of bacteria will 
be better understood when we remember that over each acre 
we have in the air some 35,000 tons of nitrogen, each pound 
of which is worth at least 20 cents. The legume crops, such 
as peas, beans and clovers, have the power, aided by the little 
nitrogen-fi xing bacteria that live on their roots, of drawing on 
and using some of this immense store of nitrogen.
 “It should be remembered that the legumes can only 
use the nitrogen in the air when the nitrogen-fi xing bacteria 
live on their roots, and when these particular bacteria are 
not present in the soil they may and should be artifi cially 
supplied. This process is called inoculation. Nitrogen-fi xing 
bacteria love a warm, mellow, well drained soil fi lled with 
organic matter or humus, and these conditions should be 
supplied where they are not already present.”
 Illustrations show: (1) Anthrax bacilli. (2) Three forms 
of bacteria: coccus, bacillus, and spirillum. (3) Showing how 
bacteria multiply by cell division.

452. Williams, C.B. 1916. More soy beans for the South. 
Progressive Farmer (The) (Raleigh, North Carolina) 
31(14):451. April 1.
• Summary: Contents: Introduction. Uses of the soy bean on 
the farm. Commercial uses. Varieties for different sections 
and purposes (Mammoth Yellow, Virginia, Wilson). The soil 
and its preparation. Fertilizing soy beans.
 “Farmers have found that the soy bean when grown 
under the same conditions generally produces a larger 
amount of growth and beans than does the cowpea; 
particularly is this so if the crop is planted in rows and 
cultivated once or twice. This does not mean that there is not 
a place for the growing of cowpeas, for there is ample room 
for the growing of both of these crops on Southern soils. The 
soy bean, however, has a much wider range of adaptation 
than does the cowpea. It will make much better growth on 
poorly drained soils and will stand cool weather much better 
than will the cowpea. For this reason chiefl y it has been 
found that it is a much more satisfactory crop for growing 
in the mountains and the more elevated portions of the 
Piedmont section than is the cowpea. The cool nights of early 
fall will not stop the growth of the soy bean but it [sic] will 
that of the cowpea. Again, a light frost will kill the cowpea 
but will not materially injure the soy bean.
 “Uses of the soy bean on the farm: The chief uses of 
the soy bean on the farm will be for soil improvement, seed 
production and for feed for livestock either green or after 
being cured as hay. There is no question but that the greatest 
usefulness of this legume will be for adding humus and 
nitrogen for the improvement of Southern soils. I take it that 
no one will question that most of our Southern soils would be 
greatly benefi ted by the plowing in to them this crop for the 
organic matter which contains a liberal supply of nitrogen. It 
has been estimated that the fertilizing value of a crop of soy 
beans plowed into the soil green will be about $2.50 for each 

ton of green matter turned in. If from six to ten tons of this 
matter should be produced on each acre it will be seen what 
great value this crop possesses for soil improvement. Soy 
bean hay on an average will contain about 2.5 per cent of 
nitrogen; 0.4 per cent of phosphoric acid; and 1.3 per cent of 
potash which, taken at the average commercial prices of this 
constituent contained in commercial fertilizers, would make 
a ton of dried soy bean hay worth as a fertilizing material 
$12.”
 “Commercial uses: During the past year in North 
Carolina and some of the other Southern states a 
considerable quantity of soy beans have been used by the 
cotton oil mills. It is probable that this new industry is the 
beginning of one that will develop in a few years into a large 
one throughout the South. The oil mills ordinarily have a 
relatively short operating period, and if they can utilize soy 
beans for the prolonging of their operating season, although 
the fi nancial returns should not be so great as with cotton 
seed, it will tend to reduce the overhead charges.”
 Photos show: Professor C.B. Williams (small oval 
portrait). A man standing behind tall soybean plants. Soy 
beans and by-products: small glass containers of soy beans, 
soy bean meal, soy bean cake, and soy bean oil. Address: 
Univ. of North Carolina.

453. Hartford Courant (Connecticut). 1916. Farmers urged 
to raise soybeans: Plant is food for stock and fertilizer for 
fi eld. State college issues bulletin. April 20. p. 3.
• Summary: “The weekly press bulletin issued by the 
Connecticut Agricultural College at Storrs, containing 
information of interest to farmers and others, is as follows:–
Soybeans for Connecticut.”
 Contents: Why grow soybeans? Nutritive ratio. 
Digestible nutrients in 100 lbs. Excellent green fodder for 
supplemental pasturage. Can be plowed under to increase the 
humus and fertility of the soil. Recommended varieties for 
Connecticut: Hollybrook, Medium Green, Ito San. Can be 
grown separately, or mixed with corn at the cutter, or grown 
with corn either between or in the hills. Lime and inoculate 
soil for best growth.

454. Jenkins, E.H.; Street, John Phillips; Hubbell, C.D. 
1916. Tests of soy beans in 1915. Connecticut Agricultural 
Experiment Station, Bulletin No. 191. 14 p. April. [2 ref]
• Summary: Contents: Yield of seed from new, unnamed 
varieties (planted 26 May 1915). Report on named varieties 
grown in 1915: Number of days to maturity, comparison of 
average yields in 1914 and 1915, comparison of varieties, 
comparison of yield of feed of soy beans, alfalfa and ensilage 
corn and of mixtures. Note on time of planting. Soy beans as 
green manure. Results of fi eld tests on soy beans (reported 
by many farmers in Connecticut). Directions for planting soy 
beans (incl. inoculation, forage, soiling). Soy beans as a food 
for diabetics.
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 Tables show: (1) Twenty unnamed varieties. For each is 
given: number, date of blossom, days to maturity, yield. The 
yield ranged from 18.6 to 31.2 bu/acre (p. 3-4).
 (2) Soybeans tested at Mt. Carmel Field, 1915 (p. 6). 
The 18 varieties analyzed are: Ito San, Quebec No. 537, 
Medium Yellow, Quebec No. 92, Manhattan, Kentucky, 
O’Kute [Okute] Ebony, Medium Green, Wilson, Mongol, 
Morse, Mikado, Arlington, Swan, Peking, Cloud, 
Hollybrook. For each is given: Data regarding yield of forage 
(Days to maturity, water, protein, yield of fresh forage per 
acre, yield of dry matter per acre, yield of protein per acre), 
yield of seed per acre (pounds, bushels). The yield ranged 
from 29.0 bu/acre (Ebony) to 12.5 bu/acre (Cloud). The 
results of two years’ tests “indicate that Wilson, Ebony, and 
Cloud were in both years among the six which yielded most 
dry matter in the green forage.”
 (3) Yield and composition of mature soy bean forage, 
alfalfa, and ensilage corn. (4) Nutrients (stated in pounds) in 
one ton of ensilage corn, soy bean forage and mixtures of the 
two.
 Page 9: “Results of fi eld tests of soy beans–Accepting 
the offer made in Bulletin 185, twenty-one farmers received 
enough seed, chiefl y of the Hollybrook variety, to plant a half 
acre in 1915.
 “With the seed was sent to each a culture (Farmogerm 
from the Earp-Thomas Co. of Bloomfi eld, New Jersey) 
suffi cient to inoculate the seed.” The following farmers 
in Connecticut grew soy beans and reported their results: 
Harry S. Ferry (South Glastonbury). William Coleman 
(Westport). W.C. Robinson (Columbia). Thomas H. Williams 
(Southington). Albert T. Rowe (East Glastonbury). W.H. 
Brown (Easthampton). J.D. Kelsey & Son (Madison). Orrin 
Case (East Granby). N.E. Whiting (Norwich).
 Some interesting comments: “About one-third of our 
patch of 3/4 acre was nibbled off by woodchucks before we 
were able to control these...”
 “The inoculation was perfect. All roots were thickly 
covered with nodules, and the crop was a fi ne healthy green 
color and made a sturdy growth.”
 “We intended to put the main part of the crop into the 
silo, but put only about 2½ tons in, as our silo got full before 
we fi nished the piece.”
 “We also used a variety of soy bean, Harris’s Medium 
Early Green. We planted this variety in the hills with our 
silo corn, also in the hills with our Evergreen sweet corn, for 
forage, and were much pleased with that arrangement and 
also with that variety.”
 A photo shows a man standing in a fi eld of corn and 
soy beans at Mr. Carmel. Address: 1. Ph.D., Director of the 
Station and Treasurer; 2. M.S., Chemist in Charge; 3. Farm 
Manager. All: New Haven, Connecticut.

455. Leonard, Lewis T. 1916. Variations in nodule formation. 
J. of the American Society of Agronomy 8(2):116-18. April. 

[6 ref]
• Summary: Inoculation trials were conducted on 19 soybean 
varieties, for a duration of 85-98 days–as shown in a table. 
The varieties were: Amherst, Arlington, Auburn, Barchet, 
Chernie, Chestnut, Cloud, Guelph, Haberlandt, Hope, Ito 
San, Jet, Manhattan, Medium Yellow, Peking, Taha, Tokio, 
Virginia, Wilson. A “soy bean culture isolated from a single 
strain of soy beans will successfully inoculate any of the 
varieties noted above.” Address: Bureau of Plant Industry, 
USDA.

456. White, Buxton. 1916. The soy bean industry of eastern 
North Carolina. North Carolina State College of Agriculture, 
Extension Circular No. 9. 8 p. April.
• Summary: Contents: Introduction. Environmental 
requirements. Varieties. Preparation for planting. 
Fertilization. Inoculation. Time of planting. Seeding 
and cultivation. Soy beans in rotation. Soy beans in 
combinations. Seed production. The seed for oil. Soy beans 
for hay. As a pasture crop. As a soiling crop. For ensilage. 
Conclusions.
 “Introduction: The soy bean, soja bean, or stock pea as 
known locally, is a crop which is justly playing an important 
role in eastern North Carolina in the present movement 
for diversifi ed farming... This bean has various points of 
superiority which commend it to the farmers of this country. 
One of its common uses is for hay, which is equal to alfalfa 
and red clover in feeding value. It is especially suitable as a 
pasture crop for hogs, and it also makes an excellent ensilage 
with corn. The soy bean can be utilized to advantage for 
green manuring, greatly increasing the supply of humus and 
nitrogen in the soil...
 “Varieties: There are at the present time about fi fteen 
varieties of soy beans handled commercially by seedsmen, 
but in eastern North Carolina, where seed production is the 
principal purpose for which grown, one variety, Mammoth 
Yellow, comprises the bulk of the crop. The Mammoth is 
the largest growing and latest of our present commercial 
varieties. Under average conditions it grows from 3 to 5 
feet high, the height attained depending principally on the 
character of the soil. Ordinarily it requires from 120 to 150 
days to mature a crop of seed. The Mammoth yields well 
in both grain and roughage, but the character of the latter is 
rather coarse. Under no circumstances should the seed be 
planted more than two inches deep, this variety being most 
exacting in this detail. The habit of growth is such that it can 
be readily harvested with machinery. The Tar Heel Black is 
somewhat similar to Mammoth, but matures about a week 
earlier and makes a slightly better grade of forage, being 
more branchy. The Haberlandt is a low, bushy bean, about 
twenty to thirty days earlier than Mammoth and a heavy seed 
producer. Tokio has a habit of growth similar to Haberlandt, 
but is later and larger. It holds its foliage longer than 
Mammoth or Tar Heel and is one of our heaviest yielders. 
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All these latter varieties are well suited to the eastern part of 
the State and are supplanting the Mammoth on a number of 
farms.”
 “Seed Production: For seed production the soy bean 
has been a very profi table crop, but the industry has been 
developed mainly in a few sections, of which eastern North 
Carolina is perhaps the largest in the United States... Under 
ordinary conditions the best varieties yield from 20 to 30 
bushels per acre and sell for $1.25 to $2.50 per bushel to 
seedsmen or $1 per bushel to oil mills.”
 “For feeding to farm animals the seeds are ground and 
mixed with less concentrated feeds. Experiments comparing 
soy bean meal and cottonseed meal indicate the superiority 
of soy bean meal for both milk and butter production.
 “For harvesting the seed there are two methods in 
general use in eastern North Carolina. The older and more 
common practice is that of cutting the vines, curing, and 
thrashing. The other, which has been rapidly gaining in 
popularity, is that of gathering the beans from the mature 
standing vines in the fi eld by means of a patented bean 
harvester, of which there are several makes [such as the 
Gordon Harvester].
 “For thrashing, the plants may be cut any time from the 
yellowing of the upper leaves until all of the leaves have 
fallen. The vines should remain in the fi eld until the seed are 
thoroughly cured. The thrashing may then be accomplished 
by an ordinary grain thrasher, with a few adjustments. The 
cylinder should be run at one-half speed, but at the same time 
the rest of the separator should be run at the usual speed. 
In order to avoid splitting the beans, some of the concaves 
should be removed.
 “The bean harvester is a two-wheeled machine which 
straddles the row and is drawn by two horses. As the 
machine moves over the row of plants, four rows of rapidly 
revolving arms shatter the beans into a receptacle at the rear. 
For the successful operation of this harvester the crop must 
be on ridges elevated not less than 6 to 8 inches above the 
water furrow, and the plants should have shed their leaves. 
Under favorable conditions, two men and two horses can 
harvest an acre of soy beans in two hours by this method. 
While there is a slight waste with this harvester, it is more 
than compensated for by the saving of time and labor.”
 “The Seed for Oil: In an effort to reduce the cotton 
acreage last year more soy beans were grown in eastern 
North Carolina than ever before. The production was so 
great that it was impossible to dispose of the crop through 
seedsmen, as was the general practice previously. However, 
as a way out of this diffi culty, the Division of Agronomy 
of the State Department of Agriculture induced several 
cottonseed oil mills to lengthen their running season by 
the extracting of soy bean oil, which, until now, has been 
a practically untouched industry in this country. The 
experiment met with marked success, and a constant market 
for the seed is now assured...

 “Conclusions: The meal from the seed of this legume is 
now attracting some attention as a human food, and the oil 
and cake from them have become commercial products... 
Having once gained an introduction, the soy bean has rapidly 
grown in popularity as its virtues have been disclosed, until 
today it holds a permanent place in the cropping systems of 
the eastern Carolina farms.”
 Photos show: (1) A close-up of rows of soy beans 
in eastern North Carolina (front cover). (2) Two people 
harvesting soy beans grown between corn rows with a 
bean harvester (p. 6). (3) Two people emptying beans from 
another type of harvester (p. 6). (4) Soy bean hay being 
cured (p. 7).
 Note: This is the earliest document seen (Dec. 2016) in 
which the soybean is referred to as the “stock pea.” This term 
was apparently used only in eastern North Carolina to refer 
to soybeans. Elsewhere it referred to Vigna catjang. Address: 
Asst. Agronomy.

457. Wegner, Ida. 1916. Ueber Anbau und Naehrwert der 
Sojabohne [On the cultivation and nutritional value of the 
soybean]. Deutsche Landwirtschaftliche Presse 43(37):328. 
May 6. [Ger]
• Summary: The high nutritional value of the soybean makes 
it necessary for more and more of it to be cultivated for the 
well-being of the German people. It is actually astonishing 
that thus far, it has not been successful in taking on the place 
that it deserves in German gardens. Perhaps this is due to the 
somewhat harsh fl avor that is typical to the mature beans but 
which is completely lacking in the immature beans which in 
fact come into consideration fi rst and foremost as a food for 
humans.
 Mature beans come into consideration more as livestock 
feed, and for human nutrition only in the form of various 
processed products such as soybean meal, which is obtained 
from the whole bean, and Agumamehl [Aguma meal/fl our, 
a brand name] which is produced from partially defatted 
soybeans. Both soy meal and Aguma meal are suitable 
for the production of any baked goods and have already 
successfully made their way into many households. Aside 
from the two aforementioned types of fl our, soy fat and soy 
milk are also obtained from the soybean both of which are 
fi rst-class products, and everywhere that a test has been done 
with them, they have been esteemed for their full values. 
Furthermore, when the mature soybeans are roasted, they 
provide a tasty, easily digestible coffee.
 But let us fi rst return to the plant and to the immature 
fruit. The stalk, leaves, and pods of the soybean are covered 
with rough hair. The leaves are trifoliate (dreizählig), the 
blossoms are axillary (achselständig), white, yellow, or 
purple; they sit on short, ramifi ed (verzweigt) stems and 
form for the most part four pods. The foliage of the soybean 
reaches a height of sixty to one hundred centimeters. The 
pods contain two to fi ve seeds. Several varieties of soybeans 
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are distinguished, such as the green, black, yellow, brown, 
and white. The soybean is cultivated in China and Japan 
over large areas and is exported to Europe in great quantities. 
For our purposes, only the yellow soybean comes into 
consideration, the chemical analysis of which is composed 
as follows: 39 parts per hundred [pph] protein, 21 pph fat, 
25 pph carbohydrates, 5 pph ash. Because of its high protein 
content that is easily digestible, it is capable of almost 
completely replacing meat.
 For the kitchen, the beans are harvested as long as they 
are still young and tender but are still fully grown. Beans that 
cannot be evaluated right away are boiled in any canning pot 
and kept for the winter. The small germs of the soybeans, 
which as a rule are broken with the cooking and preserving 
and are unfortunately often discarded, yield a nice tasting 
salad when lightly boiled in salt water and prepared with the 
familiar ingredients.
 The cultivation of the soybean can already take place 
in April, and a new sowing can follow every fourteen days 
in order to always have young, tender beans for the kitchen. 
The soybean is not as sensitive to frost as its German 
sisters and withstands 1 to 1 ½ degrees of frost without 
suffering damage. The sowing takes place best in furrows, 
but the distance [between rows] should amount to 40 to 50 
centimeters. The further handling is as with other beans. 
The soybean loves light types of soils and fl ourishes best 
on a deep, humus-fi lled, sandy clayey, chalky, well-drained 
marshy soil that must be well loosened. It is particularly 
grateful for applications of lime. Cold soils that very much 
stick together (abbinden) have for the most part led to 
failure. But those who are subjected to such a cold, adhering 
soil in their gardens who nevertheless wish to cultivate 
this preferable vegetable are recommended to procure pure 
cultures of nitrogen-fi xing bacteria (Stickstoffbakterien) and 
to inoculate the sowing seeds with it, which will then on their 
part make the soil soft by attracting the nitrogen from the air 
and, through this, making the soil looser, which is a benefi t 
not only for the beans as the current fruit, but also that which 
will follow them. Like all other legumes, the soybean is a 
strong nitrogen accumulator (Stickstoffsammler). But it can 
primarily develop this property on a lighter soil, which it 
also improves through the nitrogen from the air. On a heavy, 
adhering soil, this work is made signifi cantly more diffi cult 
for it, and the attempt was made earlier on to improve those 
types of soils by covering heavy soils with light soils upon 
which legumes got on well, and thus where nitrogen-fi xing 
bacteria were present. This process was very quickly halted 
as laborious and costly, and science was successful in 
culturing the nitrogen-fi xing bacteria. The bacteria cultures 
are on the market as bacteria soil or as a liquid, and they 
can be obtained under the names “Azotogenimpfsstoff” 
[“Nitrogen Inoculant”] from Humann und Teissler in Dohna, 
district of Dresden, and as “Nitragin” from the biological-
chemical laboratory of Dr. A. Kühn in Bonn. It is well known 

that these inoculants are available for all legumes, and it 
must be indicated with a possible order for which species the 
bacteria cultures are desired. The application is extremely 
easy with the instructions that are enclosed.
 The leaves and stems are easily infested by aphids, 
and steps must be taken in a timely manner to kill them. 
Aside from the well-known copper-calcium or Bordeaux 
mixture (Kupferkalk- oder Bordelaiserbrühe), the fruit 
tree carbolineum (Obstbaumkarbolineum), quassia soap 
(Quassiseife), Paris green (Uraniagrün), and tobacco mixture 
(Tabaksbrühe), all of which fulfi ll their purpose, also to be 
taken into consideration are ladybugs as a natural enemy of 
the aphid, and it is a good thing to collect these pretty little 
beetles where they are found and to place them on plants that 
are covered with aphids. The cleaning will be a thorough 
one, since this little red-shelled beetle can demolish very 
enormous quantities. It is frequently also recommended 
to break off the crown as soon as the pods have formed, 
through which the infestation by aphids is to be avoided. To 
what extent this is correct is beyond my knowledge. But I 
do believe that the breaking off of the crown has a positive 
infl uence on the maturation process of the beans.
 The harvest of the ripe beans occurs by pulling up the 
plant. These are placed in small piles and need a long time to 
dry. Even if they already feel dry, there should not be a rush 
to bring them in, because as a result of their high fat content, 
they heat up very easily if they are not completely dry. The 
dried plant of the soybean is an excellent feed for cattle and 
horses.
 Soymeal which is produced from the whole soybean 
and which contains 17.5 parts per hundred fat on average 
is produced by P. A. Kuhfuss Jr. in Wiesbaden and put on 
the market. Aguma meal, which is prepared from partially 
defatted soybeans, is produced in the Aguma Works 
(Agumawerke) of Thörl and Co. in Harburg an der Elbe, and 
the Soy Works (Sojawerke) in Frankfurt am Main produce 
the already mentioned excellent soy milk. Then there is also 
soy coffee, which may be had from Fischer und Bollmann in 
Dresden or can be obtained from the Soy, Malt, and Coffee 
Factory (Soja-Malz-Kaffeefabrik) of Dr. Richard Schröder 
in Zena-Ziegenhain. In addition, there is also the spicy, 
famous soy sauce which can be obtained from all of the 
better delicatessen shops. All of these lovely and nutritious 
foods come from the soybean which, in its unprepossessing 
appearance, is not at all viewed as being such a great 
treasure.
 Soy oil/fat is used for the most part in the fabrication 
of soap and margarine; but when it is refi ned, as an edible 
oil it confi dently meets the competition from any other oil 
of this type. Soy meal that has not been defatted has an 
average of 45 parts per hundred [pph] raw protein and 5 pph 
fat, the defatted meal has 47 pph raw protein and 2 pph fat 
(Continued).
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458. Harper, Woods. 1916. Building up the sandy farm: A 
system of management that requires little capital. Country 
Gentleman 81(22):1108-09. May 27.
• Summary: This article applies to sandy farms in northern 
Indiana and southern Michigan. An inexpensive way to start: 
(1) Grow crops that will yield a profi t and bring fertility to 
the soil; later use the cash to buy commercial fertilizers. 
(2) Introduce livestock as means will permit. (3) Make 
the transition to a diversifi ed system of farming properly 
balanced between cash crops and livestock.
 In stage 1, the two best crops are soy beans and 
cowpeas. Soy-bean seed must be inoculated before sowing 
on new fi elds. “Inoculating material, with full directions, 
may be secured free of charge on request to the Federal 
Department of Agriculture, Washington, DC.” Either of 
these crops may be grown successfully without fertilizers 
on the poorest of farms. After the soil becomes thoroughly 
inoculated, soy beans will do much better than cowpeas. A 
good yield for either crop is 12 bu/acre, but the best growers 
have been able to average 15 bu/acre, with a maximum yield 
of 25 bu/acre. A bushel typically sells for $1.50 to $2.00, 
when sold on the local market or to other farmers for seed. 
The Ito San and early Brown [sic, Early Brown] varieties of 
soy beans have been most satisfactory.
 “Soy beans will also furnish good pasture or forage 
at almost any stage of growth before fully mature.” Soy 
beans are a highly effective winter feed for hogs. A fi ve-
year rotation that includes soy beans in the second year is 
described.

459. Beavers, J.C. 1916. Soybeans with corn. Breeder’s 
Gazette 69(22):1160-61. June 1.
• Summary: Increased yields per acre, better silage, and 
increased pork production per acre are cited as some of the 
advantages of planting soybeans with corn. “In 1913 Taylor 
Fouts, Carroll County, Indiana, hogged off 5½ acres of 
soybeans and corn grown together in rows. About Sept. 20 
99 Duroc-Jersey shotes averaging 108 pounds were turned 
into the fi eld. They remained in the fi eld for 27 days and 
gained 5,288 pounds in weight, or practically 2 pounds each 
per day.”
 Feeding trials at Purdue University showed that 8.8 
lb of corn plus 2.2 lb of soybeans are equivalent, for pig 
fattening, to 15.2 lb of corn alone. In yield trials, corn always 
gave higher yields on the plots where it was planted with 
inoculated soybeans.
 Many trials growing corn and soybeans together for 
silage showed, on average, an increase of 2,521 lb/acre of 
silage over the yield of corn grown alone; in wet years, the 
average increase was 3,600 lb. Moreover, the resulting silage 
is richer in protein substances then when made from corn 
alone. The Hollybrook variety is praised. Three methods 
presently used to plant soybeans with corn are described. 
Address: Purdue Univ., Indiana.

460. Drake, J.A. 1916. Management of sandy-land farms in 
northern Indiana and southern Michigan. Farmers’ Bulletin 
(USDA) No. 716. 28 p. June 9. See p. 2-11, 15-21, 26-29.
• Summary: “The growing of soy beans and cowpeas for 
seed offers a defi nite approach to the entire problem of farm 
improvement in these sandy-land areas of the section. Soy 
beans and cowpeas are profi table crops on the poorest of 
these sandy soils...” (p. 2). They add nitrogen and organic 
matter to the soil, and can be grown for hay to feed dairy 
cows.
 A long section titled “Soy bean and cowpeas” (p. 
6-11) discusses their special characteristics and benefi ts, 
inoculation, hogging off, and seed production.
 A photo (p. 9) shows a good crop of soy beans growing 
in rows on sand. A rear view shows a farmer seated on a 
cultivator pulled by two horses.
 The section titled “Rotations and cropping systems” 
(p. 15) discusses continuous cropping with soy beans; soy 
beans can also be used in a two-year rotation with corn, a 
three-year rotation with corn and rye (or rye and vetch), 
several four-year rotations (corn, soy beans, corn, cowpeas; 
or corn, soybeans, rye, clover), and a fi ve-year rotation (corn, 
soybeans or cowpeas, corn, rye, clover).
 “Conclusion: The normal stages of development for 
the average sandy-land farm of this general section should 
be three in number. The fi rst should be that of growing and 
selling cash crops, among which soy beans or cowpeas for 
seed should have a prominent place.
 “The second should be a transition stage, in which 
live stock is being introduced as rapidly as fences can be 
purchased and built, and as the farm can be made to produce 
the necessary feed and pasture.
 “The third stage should be that of a general and well-
diversifi ed farm system, with the proper balance between 
cash crops and live stock which will afford profi table 
employment for the entire year, maintain crop production in 
a reasonably high state, and yield a suitable labor income.” 
Address: Agriculturist, Offi ce of Farm Management, USDA.

461. Seip, James F. 1916. Soy beans in Louisiana: Some 
interesting points about culture, harvesting and curing of soy 
beans. Progressive Farmer (The) (Raleigh, North Carolina) 
31(24):745. June 10.
• Summary: “I plant a large acreage of soy beans every year 
for the market and also for forage purposes. I will give my 
method of preparing the soil, culture and harvesting.” He 
inoculates the beans with commercial bacteria. To control 
weeds: “When the beans are fi ve to six inches high, I 
cultivate with a double shovel and repeat if possible about a 
week later. The other cultivations may be done with a spring 
tooth harrow, or a large sweep does excellent work.”
 “In harvesting I use a cane knife, as it does more 
effi cient work, is very economical and the beans will not be 
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damaged by being trampled on by horses which is the case 
when a mower is used. If the beans are grassy at harvest 
time, it is almost impossible to use a mower satisfactorily, 
whereas with the can knife it makes no difference. Windrow 
three rows into one, and if the weather be favorable allow the 
beans to remain for 48 hours in windrow... After removing 
from the windrow, they should be placed in small cocks 
about three feet high and allowed to remain for three or four 
days... Do not attempt to cure in a barn. This is one plant that 
does best when cured in the fi eld; even should you get a hard 
rain when in the windrow or small cock do not feel alarmed, 
as the soy bean has the ability to readily shed water. In fact 
the plant can be cut and cured in the most disagreeable 
weather.”
 Note: This is the earliest English-language document 
seen (Nov. 2002) that uses the word “grassy” to describe the 
habit of growth of soybeans.
 The beans shrink very little, only 3 to 3½ per cent during 
proper curing. “If properly cured, they will stand shipping 
well. I have shipped them to Central America where they 
were used for food. The bean makes a most delicious soup, 
and when baked is far superior to the well known Boston 
bean. The bean when crushed makes an unusually high-grade 
oil, and the meal is splendid for both stock and fertilizing 
purposes. For forage, especially for hogs, it has no superior. 
When the pods and plant are about one half matured, turn 
your stock in and watch the result.” Address: Alexandria, 
Louisiana.

462. Lipman, J.G.; Blair, A.W. 1916. The yield and nitrogen 
content of soybeans as affected by inoculation. Soil Science 
1(6):579-84. June.
• Summary: “Soybeans lend themselves readily to 
comparisons of inoculating material derived from different 
sources. It appears that this crop is less likely to become 
inoculated spontaneously than other legumes which may 
be used in tests of the value of commercial cultures for soil 
inoculation. Moreover, soybeans are a satisfactory crop for 
the purpose just indicated, since the plants are rather hardy 
and may be made to grow without diffi culty under a wide 
range of soil and climatic conditions.”
 Among the cultures tested in two series of tests were 
7 commercial cultures: Nitragin (German-American 
Nitragin Co., Milwaukee, Wisconsin), Farmogerm (Earp-
Thomas Farmogerm Company, Bloomfi eld, New Jersey), 
Mulford Nitrogerm (H.K. Mulford Company, Glenolden, 
Pennsylvania), Standard Nitrogerm (Standard Nitrogerm 
Company, Glen Ridge, New Jersey), Ferguson’s Composite 
(Homewood Nitrogen Company, New York City), 
Bacto-Natural (Lewis Sturtevant Woodruff, Lexington, 
Massachusetts), and Sporogen (Bruno Grosche & Company, 
New York City). Soybean or cowpea soil from 5 places in 
New Jersey was also used. Nitragin and Farmogerm were 
very effective in increasing soybean yields.

 Both series of tests were interested in the percentage 
increase in dry matter and total nitrogen as a result of 
inoculation. In series A tests, the largest increases in both 
dry matter and total nitrogen came from soybean soil from 
Sussex County, New Jersey, closely followed by Nitragen. 
“It may be safe to state, therefore, that commercial cultures 
may be fully as effective for inoculating purposes as suitable 
soil material, but that, under favorable conditions, soil 
material may prove to be fully as satisfactory as the best 
artifi cial cultures.”
 Summary: The “use of inoculating material may be 
very desirable in the growing of soybeans and perhaps other 
legumes... It appears that where the soil is lacking in the 
right type of Bacillus radicicola, inoculation is eminently 
desirable, and that, even where the organisms are present 
in limited numbers, the addition of larger numbers may be 
profi table. It appears further that there is a marked difference 
in quality of different commercial preparations for soil 
inoculation...”
 Note: This is the earliest document seen (July 2010) that 
mentions “Standard Nitrogerm” in connection with legume 
inoculation or soy beans. Address: 1. Director; 2. Associate 
Soil Chemist. Both: New Jersey Agric. Exp. Stations.

463. Lonsdale, T.W. 1916. Soya-bean variety test. New 
Zealand J. of Agriculture 13(2):140. Aug. 21. Summarized in 
the Bulletin of the Imperial Institute. 1917. 15:121.
• Summary: An experiment at the Moumahaki Experimental 
Farm, New Zealand, with nine varieties of Soya beans 
obtained from Purdue University (in Indiana, USA) and 
planted on 12 Oct. 1915. The varieties tested in descending 
order of seed yield (60 lb/bushel) were: Auburn (45 bu/acre), 
Ito-San (38), Mikado (28), Early Brown (27), Black Beauty 
(24), Sable (24), Tashing (21), Hollybrook (20), Morse 
(14). The Auburn variety also gave a high yield of forage 
(13.14 tons per acre), which was equalled by Sable and 
only surpassed by Early Brown, which gave 14.28 tons per 
acre. The soil in which the plants were grown was manured 
but not inoculated, and “no sign of nodules was observed 
on any of the varieties. The manure applied per acre was 
8 tons farmyard, 4 cwt. Ephos phosphate, ½ cwt. sulfate 
of potash, and ¼ cwt. sulphate of ammonia.” Note: 1 cwt 
= hundredweight = 112 pounds. A table shows the results, 
including number of seeds per pound, length of straw in 
inches, and colour of seed. Address: Manager, Moumahaki 
Experimental Farm.

464. Wolk, P.C. van der. 1916. Onderzoekingen over een 
onverwachte bacterieziekte in de Soja-plant, in annsluiting 
met een onderzoek naar het wezen der wortelknolletjes 
van Glycine Soja en Arachis hypogaea [Investigations 
on an unexpected bacterial disease in the soybean plant, 
in conjunction with an investigation on the nature of root 
nodules of Glycine Soja (soybeans) and Arachis hypogaea 
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(peanuts)]. Cultura, Ofi cieel Orgaan van het Nederlandsch 
Genootschap voor Landbouwwetenschap (Wageningen) 
28(336):268-85. Aug.; 28(377):300-319. Sept. [2 ref. Dut]
• Summary: The disease fi rst appears as an etiolated 
condition and may result in the death of the plant. It was 
considered to be caused by the activities of the bacterium, 
Rhizobium beijerinckii, associated with root nodules, which 
are here compared with plant galls. Address: Laboratorium 
der Selectie- en Zaadtuinen te Buitenzorg (Bogor), Java.

465. Fred, E.B.; Graul, E.J. 1916. The gain in nitrogen from 
growth of legumes on acid soils. Wisconsin Agricultural 
Experiment Station, Research Bulletin No. 39. 42 p. Oct. See 
p. 1, 12-16, 30-42. [21 ref]
• Summary: The section titled “Yield of soy beans” (p. 
12-14) states that on 15 Feb. 1915, Ito San soy beans 
were planted in jars, in a greenhouse, with and without 
inoculation. The experiment was repeated using Wisconsin 
Black soy beans, an early maturing variety. “It was found 
that Wisconsin Black soy beans grew better and produced 
larger yields than the Ito San soy beans.”
 The results of Table II (p. 13) show the marked 
benefi cial infl uence of inoculation on the percentage of 
nitrogen in the soy beans. However lime did not increase the 
percentage of nitrogen in soy beans.
 In summary: “Inoculation caused a very marked increase 
in both yield and quantity of nitrogen. Lime apparently did 
not have any decided infl uence on soy beans.” Address: 
Madison.

466. Johnson, E.F. 1916. Commercial growing of soybeans. 
Purdue Agriculturist (Indiana) 11(1):17-21, 45. Oct.
• Summary: “Probably no crop has ever made such rapid 
progress in winning favor with corn-belt farmers, as 
has the soybean. A native of Japan, this peculiar legume 
was practically unknown to American farmers only ten 
years ago. Today it is fast becoming a necessity in every 
system of rotation as a soil builder; its value as a forage 
plant established beyond doubt: its ability as a hay plant 
recognized to be a close competitor of alfalfa; and the use of 
the seed as a supplement to corn has reached a point where 
it seriously threatens to replace, in a large number of rations, 
the long recommended linseed oil meal, cottonseed meal, 
tankage and wheat middlings.
 “In this work of bringing this valuable legume to the 
attention of the farmers, devising methods for handling the 
crop effectively, and the improvement of old varieties, the 
Johnson Seed Farms (Stryker, Ohio) in Northwestern Ohio, 
take a prominent position. “Today they have the confi dence 
of hundreds of growers and a large percent of the daily 
outgoing mail is in answer to inquiries regarding methods 
of growing this crop. Only recently the U.S. Department 
of Agriculture has recognized the system of handling the 
crop in use on these Farms as the most effi cient system, 

throughout, in use today. The writer has, on invitation, spent 
several summers on these Farms recently, aiding in fi eld 
selection and plot testing work, and it is the purpose of this 
article to describe in more or less detail the methods in use 
on these Farms.
 “These Farms consist of 620 acres at present and 
grow annually from 100 to 150 acres of soybeans, while 
a like acreage is grown on neighboring farms under direct 
supervision. From fi fteen to sixty varieties are grown. 
Usually the major part of the acreage is given over to some 
ten to fi fteen varieties, while the rest is in plot testing work.
 “The work on these Farms may be classifi ed under 
three heads: fi rst, Improvement of old varieties by selection; 
second, testing out of new varieties and sports; third, 
Perfecting an effi cient system of handling the crop.”
 “It has been the policy of these Farms for years to secure 
new varieties from the Experiment Stations or from the 
Division of Forage Crops of the U.S. Dept. of Agriculture. 
With the large number of varieties and strains of soybeans 
grown today, the problem of keeping seed pure and true to 
name, is a very diffi cult one.
 “As a result, all seed secured is given a three year plot 
test. During this time, the merits of the variety are carefully 
observed, complete data kept, and at the end of the three 
years, the variety is either discarded, advanced to fi eld use, 
or transferred to selection plots.”
 “Under improvement of old varieties, the greatest work 
has been done with the Ito San and the Medium Green 
(Guelph). The Ito San, an old standard variety, has two 
serious faults; fi rst, it lacked size, growing only 18 to 24 
inches tall; and second, it started branching too close to 
the ground, a condition which resulted in considerable loss 
of seed at harvesting time.” Through careful selection, an 
improved Ito San is now available that in northwestern Ohio 
this season “averaged 28 to 36 inches tall, with the branches 
high enough above the ground to cut and leave a four-inch 
stubble. To the ordinary observer, these fi elds would be 
taken for the Hollybrook or Medium Yellow variety, but the 
presence of the characteristic brown speck at one end of the 
hilum, proves the variety to be true Ito San.
 “In the case of Medium Green, sometimes called 
Guelph, the tendency of this variety to shatter badly at time 
of ripening, was so serious as to cause many growers to 
discard it entirely. The second year this variety was grown, 
a two-acre plot was allowed to stand until December, 
careful observations were made weekly and exceptional 
stalks tagged. Fortune favored the work, for a single stalk 
was found which on December 20th, had not lost a bean by 
shattering.”
 Today “the Medium Green grown on these Farms is 
considered among the best of present-day general purpose 
(hay and seed) beans grown.”
 Details are then given on the method and machinery 
used in handling the crop including preparation of the 
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seedbed, time of seeding (mid-May), method of seeding 
(use a ten-hoe or twelve-hoe drill so as to seed four rows at 
a time; seed the rows 21 inches apart with a seven-inch drill 
or 24 inches apart with an eight-inch drill), amount of seed 
per acre (3-4 pecks/acre when grown for seed; 6-8 pecks/acre 
when cut for hay), depth of planting (2-2½ inches deep), fi rst 
cultivation when beans are 3-4 inches tall (using a two-row 
or four-row beet cultivator to destroy weeds and maintain 
a surface mulch; with a four-row cultivator, one man and 
two horses can cultivate 15 acres/day easily, but a two-row 
cultivator requires only one horse), second cultivation when 
beans are 6-8 inches tall, cutting for hay (just as the fi rst pods 
are well established, using a mower; handle just like alfalfa), 
harvesting for seed (using a mower with a side-delivery 
buncher or a self-rake; cut 3 rows at a swath with a six-foot 
cutting bar), windrowing (using a slow speed side-delivery 
rake in the evening to avoid shattering), loading onto a 
wagon (using a drum hay loader to minimize shattering), 
storing in a barn or stacking, threshing (with an ordinary 
grain threshing machine. “In some sections bean threshers 
are available and should always be used when possible”). 
On the Johnson Seed Farms a special machine for threshing 
soybeans was built from a steel Case separator.
 “All seed sold from the Farms goes under the guarantee 
of being free from any and all weed seeds, true to name 
and to contain less than one split bean in two hundred. 
Such a guarantee means considerable extra work, but it is 
appreciated by the purchasers, for last year with better than 
4,000 bushels of seed for sale, the entire stock of seed was 
booked by Jan. 15.”
 Editor’s note at end of article: “In method and thickness 
of seeding the practice on the Johnson Seed Farms does not 
agree with the methods and thickness of seeding found best 
by the Indiana Experiment Station and several other stations 
that have experimented along this line. Wider spacing for 
cultivation with a two-horse cultivator, and about half as 
much seed per acre have been found to be preferable. See 
Indiana Bulletin No. 172” [“Soybeans and cowpeas,” by 
Wiancko et al. (1914)].
 Photos (courtesy of Johnson Seed Farms) show: (1) 
A man standing in a fi eld of waist-high Medium Green 
soybeans. (2) A New Empire grain drill used for seeding. 
(3) A farmer and two horses doing the fi rst cultivation of a 
soybean fi eld. (4) Windrowing–either hay or seed. (5) Two 
men by a large threshing machine that handles a load every 
thirty minutes.
 Note 1. This is the earliest document seen (April 2001) 
by or about E.F. “Soybean” Johnson, who later became a 
major soybean pioneer in Ohio, and an honorary life member 
of the American Soybean Association.
 Note 2. This is the earliest document seen (Oct. 2012) 
that mentions the Johnson Seed Farms of Stryker, Ohio. 
According to the Standard Atlas of Williams County, Ohio... 
published in 1918, a map of Springfi eld Township (p. 32) 

shows “The Johnson Seed Farm” [sic, Farms] which is 
comprised of 235 acres in section 16; it belongs to Simon 
Johnson, who is the author’s father. A photo in the Atlas (p. 
59) shows “One of the barns on the Johnson Seed Farms, 
growers of soy beans, seed oats, seed wheat and other farm 
grains, Stryker, Ohio.” This is a huge, beautiful barn with the 
words “Johnson Seed Farms” written in large white letters 
on one end. These Farms were actively breeding and selling 
soybeans until at least 1923. Address: ‘17 [Class of 1917].

467. Farmers’ cyclopedia: Abridged agricultural records in 
seven volumes and a guide. From the publications of the 
United States Department of Agriculture and the experiment 
stations. 1916. Garden City, NY: Doubleday, Page & Co. See 
vol. IV, p. 82-95, 204-04, 627, 645. [18 ref]
• Summary: Soybeans appear in Vol. IV, titled Grass, hay, 
grains, vegetables. The fi rst section, “The soy bean” (p. 
82-95) has the following contents: Introduction. Varieties: 
Mammoth (yellow), Hollybrook (yellow), Ito San (yellow), 
Guelph (green), Buckshot (black). Ogemaw (brown), 
Wisconsin Black, Wilson (black), Meyer (mottled black 
and brown), Austin (greenish-yellow), Haberlandt (yellow), 
Riceland (black). The culture and planting of soy beans. The 
inoculation of soy beans. Soy-bean hay. Curing the hay. Soy 
beans for pasturage. Soy beans in mixtures [intercropping]. 
Soy beans and cowpeas. Soy beans and sorgo. Soy beans 
and millet. Soy beans and corn. Soy beans for ensilage. Soy 
beans for grain. Soy beans in rotations. Feeding value of 
soy beans. Feeding value for sheep. Feeding value for dairy 
cows. Feeding value for hogs. Storing soy-bean seed. Results 
of tests of varieties of soy beans (Dwarf Early Yellow, Ito 
San, Early Brown, Medium Early Yellow). The soy bean in 
Hawaii. Summary.
 The second section is titled “Soy bean for hay” (p. 204-
05). Black-and-white photos show: (1) “Seeds of 36 varieties 
of soy beans, showing variation in size and form. Bottom 
row peculiarly colored” (p. 627). (2) Pods of soy beans, 
showing the range in size and shape (p. 645).

468. Fuerstenberg, Maurice. 1916. Die Einfuehrung der Soja, 
eine Umwaelzung der Volksernaehrung [The introduction 
of the soybean, a revolution in the people’s nutrition 
(Continued–Document part VI)]. Berlin: Paul Parey. 30 p. 
Foreword by Dr. Gottlieb Haberlandt, Director of the Plant 
Physiology Institute, Univ. of Berlin. [5 ref. Ger]
• Summary: (Continued): Page 23: ... very sparse. The 
sowing was carried out by myself and by those to whom I 
gave the seeds in the time period from May 13 to June 15. In 
Frohnleiten (Upper Styria), where the author carried out his 
trials on his small estate, seeds that were sown in late May 
and early June no longer reached maturity, while those that 
were sown in mid-May yielded a nice harvest, even though 
the sowing that was carried out at that time also turned out 
to be absolutely too late. With the agronomic trials that were 
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carried out by me in Graz and vicinity–which, however, lies 
only thirty km further south–the seeds that were also sown 
in late May and early June in part reached maturity. Here as 
well, though, the cultivation should have taken place much 
earlier.
 The harvest of the beans was carried out from late 
September to late October. With some plants, I counted up to 
270 pods; there were clusters of eight to twelve pods. Most 
of the pods had three seeds, but it was not rare to fi nd those 
with four seeds.
 The objection that the yield capability of the other 
legumes would be so much greater than that of the soybean 
demonstrates an ignoring of the facts. According to König, 
the soybean delivers on average a yield of 2,000 kg per 
hectare, and this also corresponds to the calculations of 
Haberlandt; the yield of beans and peas is also approximately 
that large. The smallness of the soybean is among other 
things compensated for by its proportionally large volumetric 
weight in comparison to other legumes. Thus, the weight per 
liter is:
 A table follows: the four rows are Peas, Lentils, Bush 
beans, and Soybeans and their corresponding weight in dkg 
(1 dkg = 1 decagram = 10 grams).
 As can be seen, the soybean does not need to shy away 
from a comparison of its yield capability with that of the 
other legumes. Within that context, though, it needs to be 
taken into consideration that the yield in protein and fat, 
those two nutrients that are so important, is a signifi cantly 
higher one per hectare with soy. E. Wein calculates the yield 
of protein and fat as follows:
 A table follows: the last two of the three columns are 
Protein per Hectare and Fat per Hectare; and the rows are 
Beans, Peas, and Soy.
 Weighings that were carried out by myself of 1,000 of 
the original seeds yielded a weight of 200 g; for 1,000 of the 
harvested...
 Page 24: seeds, 215 g. That would equal an increase in 
weight of 15 g with 1,000 seeds. As can be seen, the results 
of the latest trials are analogous to those that were achieved 
by Haberlandt forty years ago. Incidentally, a comprehensive 
report by the committee on the results of its agronomic trials 
will soon be published to which I will make reference here. 
No sooner had I sown the soybeans then it emerged that one 
of my neighbors had already been cultivating such beans for 
twenty-fi ve years, although he planted them only on a limited 
scale since he uses them exclusively as an additive to coffee. 
Little by little, more and more people have found each other 
who were familiar with soybeans, and specifi cally under the 
name “coffee bean” and who knew to be able to say that they 
were being cultivated here and there. I was interested in it, 
researched it, and made the discovery that in some areas, the 
soybean has virtually become naturalized, and specifi cally 
everywhere for the exclusive use as a coffee additive. 
It is interesting that a cultivated plant could fi nd such a 

comparatively large distribution without being generally 
known and without fi nding particular attention. Indeed, it 
must virtually raise astonishment that in consideration of this 
fact, in polemics that take up from an article (footnote 1: G. 
Haberlandt, “Legumes in Wartime” (“Die Hulsenfrüchte in 
der Kriegezeit”), Vossische Zeitung [a newspaper in Berlin], 
January 17, 1916) by the famed botanist Prof. Gottlieb 
Haberlandt (footnote 2: Son of Friedrich Haberlandt.) in 
which he most warmly advocated for the soybean, the 
assertion would be made that the soybean would not thrive in 
our areas.
 In this remarkable essay, the aforementioned botanist 
speaks up for an increased cultivation of legumes. With the 
treatment of this issue, G. Haberlandt did indeed for the 
most part have the abnormal wartime conditions before his 
eyes, but his ideas are worthy of also fi nding consideration 
in times of peace. As Prof. Haberlandt explained, German 
agriculture in the coming vegetation periods must be 
concerned about supplementing our protein supplies above 
all else by means of the cultivation of those useful plants 
which distinguish themselves through especially protein-
rich seeds and fruits and which, at the same time, place 
the smallest possible demands upon fertilizer with bound 
nitrogen. These conditions are fulfi lled to the highest degree 
by the legumes, since with the help of certain bacteria, 
they are capable of also acquiring the free nitrogen from 
the atmospheric air and utilizing it for the conversion into 
proteins. This living community (Lebensgemeinschaft) of 
leguminous plants and bacteria that is based upon benefi t 
(Leistung) and return benefi t (Gegenleistung)
 Page 25: is commonly referred to as “symbiosis.” The 
gain in bound nitrogen that is achieved by means of this 
“symbiosis” is an extremely immense one: it has thus been 
determined that, for example, lupins with the assistance 
of the bacteria are capable of producing up to 200 kg of 
nitrogen per hectare, which is more than is contained on 
average in 30,000 kg (300 Doppelzentner) of barn manure.
 Even more interesting is a comparison of the quantities 
of protein that are produced from the grain species of wheat 
and rye with those which the leguminous plants store in 
their seeds, as well as a comparison of the yield of seeds per 
hectare in kilograms:
 A table follows. The last three of the four columns 
are Seed yield per hectare in kg, Protein content in %, and 
Protein yield per hectare in kg; the thirteen rows are Winter 
wheat, Summer wheat, Winter rye, Summer rye, Barley 
(two-row) (zweizeilig), Oats, Corn, Peas, Lentils, Green 
beans (French beans; Gartenbohnen {Fisolen}), Broad beans 
(Pferdebohnen), Vetch (Platterbsen), and Soybeans. The 
soybeans give a protein yield of 663 kg per hectare–by far 
the greatest, followed by 522 kg for broad beans. Summer 
rye gives the lowest: 146 kg/ha.
 The yields did in fact fl uctuate between very broad 
limits, and thus for example with winter wheat between 
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800 and 4,800 kg; with winter rye between 1,000 and 3,300 
kg; with lentils between 400 and 1,800 kg; and with broad 
beans between 800 and 4,700 kg; nevertheless, the fi gures 
that are listed permit some very interesting comparisons. 
It can be deduced from them, for instance, that the yield of 
one hectare of winter wheat (2,200 kg) is approximately 
just as large as the yield of broad beans (2,100 kg) but that 
the protein content of the beans (24.88%) amounts to nearly 
twice as much as that of the wheat (12.66%). A wheat fi eld 
consequently provides an average of 279 kg of protein per 
hectare; a bean fi eld, on the other hand, 522 kg. The yield 
capability of the winter rye approximately equals that of 
the green beans (1,500 kg). The protein yield of the former 
comes to 200 kg per hectare and of the latter to 315 kg per 
hectare, which signifi es an increase of 57%.
 Page 26: What is most important, and what G. 
Haberlandt especially made reference to, is that these protein 
yields of the legumes which are so conspicuously higher 
are only shown in their true light as a result of the fact that 
for the purpose of their production of protein, the species 
of grains have to completely and totally rely upon bound 
nitrogen in the form of fertilizers, while the legumes obtain 
a large part of–and in some circumstances, even all of–the 
nitrogen that they need from the air with the help of root 
nodule bacteria. That which is said here about the beans, 
lentils, and peas of course also holds true for the soybeans.
 The assertion that soybeans do not thrive in Central 
Europe is also found in the Meyer’s Encyclopedia (Meyers 
Lexikon). In it, it is in fact especially emphasized that the 
soybean possesses a great capacity for adaptation to soil and 
climatic conditions, immunity against parasitic fungi, and a 
fertility that can never be denied, but immediately after that, 
the assertion is made, “In Central Europe, it has not yielded 
any satisfying results, since the vegetation period amounts 
to more than 150 days and therefore the seeds will not 
mature with us.” Even more peculiar is to see listed in fi rst 
place under the source material that is indicated the work by 
Haberlandt the father, The Soybean (Die Sojabohne) which 
is virtually an enthusiastic apotheosis of the soybean and in 
which the author sets down the so favorable experiences of 
several years of trials concerning the merits of the cultivation 
of this bean.
 The fact that the soybean has maintained itself in some 
areas is indeed proof enough that it thrives with us, and it 
is furthermore a guarantee that today, its introduction does 
not have to encounter any great diffi culties. In fact, what is 
indeed concerned in many areas is only to put on a broader 
basis the cultivation of soybeans that is already carried out 
on a small scale. Even in those areas of Austria and Germany 
in which it is not known, its introduction today where 
everything is endeavored to increase the possibilities of 
nutrition does not cause any great troubles.
 Since it has now been shown that the soybean thrives 
in Central Europe, and specifi cally without a reduction in 

its nutritional value, the central authorities are faced with 
the obligation of bringing to life a generous campaign for 
the introduction of this bean. Of course, corresponding 
explanation has to go hand in hand with the promotion. And 
specifi cally, the explanation has to not be limited to the type 
and manner of cultivation, but rather the attention of farmers 
has to be directed above all else to the manifold possibilities 
of assessment of this bean, and in addition, instructions have 
to be provided for the various preparations. The explanation 
can take place in part through fl iers,... (Continued). Address: 
Frohnleiten, Steiermark [Austria].

469. Garland, J.J. 1916. Report on the Association’s 
cooperative experimental work. Wisconsin Agricultural 
Experiment Association, Annual Report 14:39-51.
• Summary: When this association was organized 16 years 
ago (i.e., in about 1900), the fi rst article in its constitution 
stated that it would carry on “experiments or investigations 
that shall be benefi cial to all parties interested in progressive 
farming.” Experiments “with rape, Soy beans, and other 
crops were planned” (p. 40).
 The section titled “Soy bean growing centers (p. 47-51) 
is a report of the association’s fi rst work with soy beans. It 
begins: “Last year the Experiment Association undertook the 
establishment of soy bean growing centers for the production 
of seed so the increasing demand could be supplied. Twenty 
pounds of seed and some inoculated soil were sent to about 
thirty members with directions for growing the crop.
 “The varieties tried out were Ito San, a yellow bean 
and the best variety ever grown at the University Farm, 
the Medium Early Green, a green bean of earlier maturing 
qualities, and The Wisconsin Early Black, a small black bean 
adapted to regions where earliness is desired if seed is to be 
produced.”
 Contains reports from 17 farmers; each includes the 
farmer’s name, address and county, type of soil on which the 
crop was grown, and the variety tested. A photo shows a fi eld 
with soy bean plants growing in rows. The caption: “Always 
inoculate soy beans. The fi rst row was not inoculated; its 
growth is much inferior to the other rows where seed was 
mixed with soil from old soy bean fi eld.”
 Note: This is the earliest document seen (Sept. 2011) 
that mentions the soybean variety Wisconsin Early Black (a 
synonym of Wisconsin Black). Address: Asst. to Secretary.

470. Henry, W.A.; Morrison, F.B. 1916. Feeds and feeding. 
A handbook for the student and stockman. 16th ed. Madison, 
Wisconsin: The Henry-Morrison Company. x + 691 p. See 
p. 177-78, 236, 305, 366-67, 375-76, 382, 415, 463-64, 532, 
534-35, 605, 612-13. Index. 24 cm. Another 16th edition 
(with different pagination) is date 1917. 21st edition was 
1948, by Morrison alone. [6 soy ref]
• Summary: Almost identical to the 15th edition of 1915. 
Address: Wisconsin Agric. Exp. Station.
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471. Lipman, Jacob G.; Blair, Augustine W. 1916. Report 
of the Department of Soil Chemistry and Bacteriology. New 
Jersey State Agricultural Experiment Station, Annual Report 
36:194-238. For the year ending Oct. 31, 1915. See p. 232-
33.
• Summary: The section titled “Continuous growing of 
wheat and rye–1915” states that cowpeas (or soybeans) 
were used after wheat or rye as part of the rotation.” Ito 
San soybeans were planted on 8 July 1914 on two plots. 
Fertilizers were acid phosphate, muriate of potash, and lime 
(CaO). Use of soybeans gave more grain, straw, and nitrogen 
per plot.
 In the section on “Vegetation experiments,” Series No. 
III (p. 232-33) is “Soybeans.” Compared with the previous 
experiment, the amount of nitrate of soda in the soil was 
reduced by 50%. Table XX (p. 233) gives a “Comparison of 
basic slags with other phosphates–Soybeans.” In addition 
to fi ve different types of slag, the special soil treatments 
include: No phosphate, acid phosphate, sodium phosphate, 
blue rock phosphate, and double super-phosphate.
 “In the yield of total dry matter and nitrogen the double 
super-phosphate stands fi rst, the sodium phosphate second, 
the acid phosphate third, and basic slag E fourth.
 “The exceptionally high yield of nitrogen with the 
double super-phosphate, sodium phosphate and acid 
phosphate and acid phosphate is especially interesting as 
indicating the importance of soluble phosphates in the 
utilization of atmospheric nitrogen by means of leguminous 
plants.” Address: 1. Ph.D., Soil Chemist and Bacteriologist; 
2. A.M., Assoc. Soil Chemist [New Brunswick, New Jersey].

472. McCall, A.G. 1916. Field and laboratory studies of 
crops: an elementary manual for students of agriculture. New 
York, NY: John Wiley & Sons, Inc.; London: Chapman & 
Hall, Limited. viii + 133 p. See p. 104-07. Illust. 19 cm.
• Summary:  “Exercise 42. A fi eld study of legumes” (p. 
104) involves examining and learning about the nodules on 
the roots of various legumes, including “common covers, 
alfalfa, soy beans, cow peas, garden peas and many other 
plants, all of which have a benefi cial effect upon the soil” 
because they take nitrogen from the air and fi x it in the soil.
 A full-page photo (Fig. 42, p. 105) shows two soy bean 
plants. The plant to the left is inoculated; the root nodules 
are clearly visible. The one to the right is “uninoculated. 
(Courtesy of Extension Department).”
 “Exercise 43. A study of soy bean” (p. 106-07) states:
 “Equipment: Samples of different varieties of soy beans, 
including type samples, a balance and a weight-per-bushel 
tester.
 “Method: Give each student a half pint of soy beans 
containing a small admixture of two or three other varieties 
and some impurities. Divide the sample into two equal parts, 
make an examination for purity and condition, and record 

the results in the table, using the type samples to aid in the 
identifi cation of the varieties.” The student will fi ll in a blank 
tabular form with three columns: (1) Purity and condition. 
(2) Weight. (3) Per cent.
 “Purity: Soy beans of the variety class. Soy beans of 
other varieties. Other seeds. Foreign matter.
 “Condition: Sound seeds. Broken seeds. Moldy seeds.
 “Weight of 100 soy beans of variety class.
 “Weight per measured bushel.
 “The same procedure may be used in the study of cow 
peas.
 “Discussion: Soy beans are easily broken in the 
threshing process, hence the grain found on the market 
usually has a great many broken seed. The broken grains are 
not fi t for seed, therefore, a sample which contains a large 
number of broken seed has its value for seeding purposes 
much reduced. Both purity and condition should be taken 
into consideration in determining the value of a given sample 
for seed purpose.
 “Some varieties of soy beans have been given names 
which indicate the length of the growing season required for 
their development and the color of the bean. For example we 
have such varieties as Medium Yellow, Medium Green and 
Mammoth Yellow. When harvested for seed the soy bean 
must be cut before the pods are dry, otherwise they shatter 
badly and a large percentage of the beans will be lost in the 
handling before the crop gets to the thresher.”
 The word “sprouted” appears on 5 pages in this book.
 Arthur Gillett McCall was born in 1874. Address: Prof. 
of Agronomy, Ohio State Univ.

473. Noll, Charles F. 1916. Soybeans for Pennsylvania. 
Pennsylvania Agricultural Experiment Station, Annual 
Report 18:47-57. For the year 1914-1915. [8 ref]
• Summary: This article is in Part II of the Annual Report 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   254

© Copyright Soyinfo Center 2018

of the Pennsylvania State College. Contents: Introduction, 
Value and uses of the crop. Production of seed. Soybeans 
for green feed or hay. Soybeans for green manure and cover-
crop. Soybeans for ensilage. Soybeans for hog pastures 
(“Soybeans and corn grown together can be ‘hogged off’). 
Adaptability of soybeans. The soybeans’ place in the rotation 
(and fertilizer trial with acid phosphate). Soil preparation. 
The inoculation of soybeans. The seeding of soybeans. 
Cutting soybeans (for hay with an ordinary mowing 
machine). Threshing soybeans. Varieties of soybeans. Variety 
testing at the Pennsylvania Experiment Station: Test in 1913, 
test in 1914. The best yielding varieties of soybeans at the 
Pennsylvania Experiment Station. The varieties that have 
yielded best in other sections of Pennsylvania. Notes (incl. 
seed color and days to maturity) on a few of the better known 
and generally advertised varieties: Ebony, Haberlandt, 
Hollybrook, Ito San (purchased from Wing Seed Co.; used 
as the check), Mammoth Yellow, Medium Green (Guelph 
Medium Early Green), Medium Yellow (Mongol, Roosevelt–
yellow seeded), Wilson. Soybeans and cowpeas compared: 
For forage, for seed production, adaptation. Tables show: 
(1) Yields in the two rotations. (2) Yields of hay and seed 
per acre in 1913 and 1914 from different varieties. Varieties 
tested but not mentioned above: Amherst, Chestnut, 
Manchuria 30953 (B.P.I.), Merko, Mikado, Mongol, Ohio 
7496, Peking, Sable, Swan. Photos show: (1) A man, wearing 
a coat and tie, standing in a fi eld where soybeans are grown 
with corn for silage. (2) A good growth of soybeans in rows 
on the Experiment Station farm. Rows are 30 inches apart. 
Sown May 19, photographed July 30. A man is standing in 
the fi eld.
 “On good soil in a fair season at least 20 bushels of 
seed should be produced per acre. Yields of 25 bushels have 
been commonly reported and yields of 40 bushels have 
been known. There has been so good a demand for seed that 
the price is high, the retail price being $2.00 to $3.50 per 
bushel... Soybeans are hardier and can be sown earlier than 
cowpeas and in the fall can withstand light frosts the better... 
Inoculation is almost invariably required for soybeans when 
fi rst grown in a locality, while it is seldom required for 
cowpeas.” Address: Asst. Prof. of Experimental Agronomy 
[State College, Pennsylvania].

474. Sornay, Pierre de. 1916. Green manures and manuring 
in the tropics, including an account of the economic value of 
leguminosæ as sources of foodstuffs, vegetable oils, drugs, 
etc. Translated from the French by F.W. Flattely. London: 
John Bole, Sons and Danielson, Ltd. xvi + 466 p. Illust. 26 
cm. [12 soy ref]
• Summary: This book is dedicated “To my esteemed Master 
and Friend M.P. Bonâme. A token of deep gratitude and 
sincere admiration.” It “was awarded a gold medal by the 
Société Nationale d’Agricole de France.” The translator 
is from the International Institute of Agriculture, Rome, 

and the Dep. of Zoology, University College of Wales, 
Aberystwth. In the introduction H. Pellet states (p. viii) 
“M. de Sornay, who for a number of years has been a 
member of the Agronomic Station of Mauritius, had already 
published, some time ago, in the Bulletin of the Station, a 
short treatise on the Leguminosæ.” This volume is a major 
expansion of that work. The author was one of the fi rst to 
study intercropping of sugar cane with legumes. Working in 
Mauritius, he found that legumes used in mixed cultivation 
with sugar prevented the growth of weeds and retained the 
soluble salts which would have been washed away by rain. 
A trailing variety of peanut was used. He also suggested 
soybean as an intercrop because “it does not interfere in 
any way with the small canes; the soybean may be used 
on a mixed cultivation and may even be sown in two rows 
in interspaces of canes” (p. 184). Also includes concise 
information about the cultivation and yield of soybeans.
 Chapter 1, “General remarks” (p. 1-9) begins: “The 
family of the Leguminosæ, which numbers not less than 
7,000 species distributed over every portion of the globe, 
contains, according to Van Tieghem, 430 genera.” “The 
Leguminosae are generally divided into three great sub-
families: Cæsalpineæ, Mimoseæ, and Papilionaceæ.” The 
fi rst two sub-families prefer tropical climates, whereas the 
Papilionaceæ “adapt themselves to every climate and are 
found distributed from the Equator [Ecuador] to the Poles.” 
The Papilionaceæ are divided into eleven tribes; a table 
shows these and the subtribes or genera they contain. The 
genus Glycine is in the tribe Phaseoleæ, subtribe Glycina.
 Chapter 2 is an “Account [history] of the theories on 
the absorption of nitrogen from the air by the leguminosæ.” 
Chapter 3 (p. 9-46) is a “Description of the various 
leguminous plants of agricultural value.” The 37 species 
discussed include the peanut (p. 47-70), Bambarra ground-
nut or Voandzou (p. 70-72, native of Madagascar), pois carré 
[winged bean] (Psophocarpus tetragonolobus), and Soja, or 
Soy bean (p. 182-92).
 The rambling treatment of the soy bean discusses bits 
and pieces of its history, botany, and yields in India, South 
Africa, and Mauritius. Nineteen tables show its composition. 
Concerning uses: “The seed of the soy bean is eaten as a 
vegetable by the majority of Chinese and Japanese, and they 
make numerous other uses of it.” The chief ones are: Soy 
milk, soy cheese [tofu], and shoyu. “The roasted seeds of 
the soy bean are used in the United States and Switzerland 
as a substitute for coffee. Not containing any starch, these 
breads are used in the manufacture of breads and biscuits 
for people suffering from diabetes. They are found on the 
European market... The seeds are pressed in order to extract 
the oil, the oil resulting from the fi rst expression being used 
in the manufacture of soap, whilst that from the second is 
used as machine oil. The cake is given to cattle mixed with 
other nutriments of lower nitrogen content. The trade in soy 
has increased considerably during the last fi ve years.” Trade 
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statistics (exports of soy beans from Manchuria and imports 
to Europe) and prices on the London market (of soy beans, 
oil, and cake) are given.
 Chapter 7, “Starch in the leguminosæ” (p. 246+) 
discusses the “Characters of the principal starches in the 
Leguminosæ.” It contains an illustration (line drawing) of 
the starch in Soja hispida (Fig. 42, p. 251), and a description 
(p. 255) as follows: “Soja hispida.–Soy contains very little 
starch. The shape of the grains is fairly uniform, whilst 
their size is very variable. All the grains polarize clearly. 
The hilum is linear, occasionally stellate, but of rather rare 
occurrence. The striations are only visible at the edges 
and are very close together. Starch only very slightly 
homogeneous.” Address: Chemist, Ex-Asst. Director of 
the Station Agronomique of Mauritius, Laureate of the 
Association des Chimistes de Sucrerie et de Distillerie de 
France et des Colonies, Laureate of the Société Nationale 
d’Agriculture de France.

475. Porter, W.R. 1916? McLeod, Ransom County: E.W. 
Griggs, Manager. Superintendent of Demonstration Farms 
for North Dakota, Annual Report 10:1-78. For the year 1915. 
See p. 29-30. Undated.
• Summary: The section titled “McLeod, Ransom County: 
E.W. Griggs, Manager” (p. 29-31) begins: “This is the sixth 
season that this farm has been in operation. In 1915 the plan 
of getting this farm largely into alfalfa, red top corn and oats 
was realized. While no livestock were put on it this year, it is 
the plan to put livestock on this farm in the winter of 1916.”
 The short subsection titled “Soy beans” states: “Soy 
beans were tried on a small fi eld. The soil was inoculated. 
No nodules formed on the roots of the beans, yet they 
made a remarkable growth and fully matured. They yielded 
at the rate of approximately 15 bushels of shelled beans 
per acre.” Address: Superintendent of North Dakota State 
Demonstration Farms.

476. Blair, A.W. 1917. Maintaining the nitrogen supply 
of the soil. New Jersey Agricultural Experiment Station, 
Bulletin No. 305. 16 p. Jan. 6. [1 ref]
• Summary: In an experiment lasting 8 years, soybeans 
and other legumes in the form of green manure crops, were 
effective in adding nitrogen to the soil, thereby increasing the 
yields of the following crop of rye or wheat. “It is suggested 
that farmers endeavor to maintain the nitrogen supply of 
their soils by growing leguminous crops either as a part of 
the regular rotation, or as green manure crops between the 
main crops of the rotation as often as possible, and that for 
most crops they further supplement the nitrogen thus secured 
by the use of a few hundred pounds of a material supplying 
nitrogen in a readily available form.” Photos show: (1) A 
man standing in a wheat fi eld, with and without nitrogen 
supplied by soybeans (p. 11). (2) Vetch and soybeans 
following rye, on Windsor sand and Collington sandy loam 

(p. 13, 14). (3) A man standing in a fi eld of Ito San soybeans, 
grown after the wheat harvest and before the time of the 
next seeding (p. 13). Address: Assoc. Soil Chemist, New 
Brunswick, New Jersey.

477. Wilson, J.K. 1917. Physiological studies of Bacillus 
radicicola of soybean (Soja max Piper) and of factors 
infl uencing nodule production. New York (Cornell) 
Agricultural Experiment Station, Bulletin No. 386. p. 367-
413. Jan. Based on his 1914 PhD thesis, Cornell Univ. [25 
ref]
• Summary: This article begins with a detailed review 
of the literature. It concludes: “The causal organism 
of nodule production on soybean (Soja max Piper) is 
Bacillus radicicola.” Various mineral compounds were 
added to Volusia to test their effect on nodule production. 
For example, 17 of chlorides tested stimulated nodule 
production, but 3 were toxic and ammonium chloride, in 
the amount used, appreciably reduced nodule formation. A 
number of sulfates depressed nodule formation. Phosphates 
in soil cultured increased nodule production, but not as 
much as chlorides. Ammonia-containing or -producing 
compounds in most cases either reduced or entirely inhibited 
nodule production. Calcium compounds generally stimulated 
nodule production however calcium sulfate and calcium 
nitrate reduced the number of nodules formed. “Nitrates 
and sulfates applied to soil in quantities suffi cient to inhibit 
nodule formation did not destroy Bacillus radicicola nor 
reduce its ability to produce nodules when brought under 
favorable conditions.”
 As the moisture was increased from 25% of the dry 
soil to 75%, the nodule formation was correspondingly 
increased. In distilled water cultured, nodules were only 
rarely produced. The time required for the legume organism 
to penetrate the tissue of the host plant is about 5 hours.

478. Piper, Charles V.; Hendrick, H.B. 1917. Illustrated 
lecture on leguminous forage crops for the South. USDA 
Syllabus No. 24. 16 p. Feb. 15. See p. 2-7, 9, 15. [9 ref]
• Summary: This syllabus is illustrated with 45 lantern 
slides. The numbers in the margins of the pages refer to 
the lantern slides as listed in the Appendix. Contents: 
Introduction. Distinguishing characteristics of legumes of 
leguminous plants. Function of root nodules and nodule 
bacteria. Inoculation: Soil-transfer method, soil-coating 
method, liquid-culture method. The relation of legumes 
to cropping systems. Commendable cropping systems. 
Utilization of leguminous crops. Legumes as green manures 
(incl. cover crops and catch crops. “Cowpeas and soy beans 
are perhaps the best legumes for catch crops in the South.”). 
Principal leguminous crops for the south: Cowpeas, soy 
beans, lespedeza, alfalfa, melilotus, red clover, alsike clover, 
vetches, crimson clover, bur clover, peanuts, Florida beggar 
weed, and velvet beans.
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 The section titled “Principal leguminous crops for the 
South,” the subsection on “Soy beans” (p. 9) is a good, basic 
2/3-page introduction to the crop. It begins: “The soy bean 
is a comparatively new crop in this country, but one which 
has fast gained favor in the North and South alike. The soy 
bean withstands dry weather well and makes a hay similar 
in quality to that of cowpeas and nearly equal in feeding 
value to alfalfa. It grows erect and holds its leaves well, but 
has a somewhat fi brous stem. Soy beans produce heavier 
seed yields than cowpeas and the seeds are richer in feeding 
value. There are many different varieties, which vary in time 
of ripening from 90 days from sowing to the entire growing 
season. The Mammoth Yellow is the most commonly grown 
late variety for hay, but ripens its seed only south of the 
Potomac and Ohio rivers. The Ito San is one of the best 
of early varieties, while the Haberlandt, Wilson, Tokyo, 
Medium Yellow, and Barchet are popular in certain sections.”
 The last two paragraphs describe how to sow soy beans, 
and to cut and cure them for hay. “It is not well to plant soy 
beans near to woods, as rabbits are very fond of the plant.” 
This Syllabus also discusses alfalfa and peanuts.
 The Appendix (p. 15-16) states that soy beans are 
illustrated in the following lantern slides: “3. Nodules on 
soy-bean roots.” “5. Field of soy beans–plants which can 
get nitrogen directly from the air.” “7. Soy beans, showing 
effect of inoculation.” “17. Cutting soy beans and following 
with wheat drill.” “31. Soy beans are well adapted to 
cultivation. 32. Soy beans for seed, Peking variety.” Address: 
1. Agrostologist in Charge of Forage-Crop Investigations, 
Bureau of Plant Industry, USDA; 2. Specialist in Agricultural 
Education, States Relation Service, USDA.

479. Johnson, Maxwell O.; Thompson, Alice R.; Sahr, C.A. 
1917. Comparative value of legumes as green manure. 
Hawaii Agricultural Experiment Station, Press Bulletin No. 
52. 14 p. Feb. 24.
• Summary: In experiments conducted by the Chemical 
Department of this experiment station, 32 varieties of 
legumes were grown on two different types of soils: (1) 
dark brown Honolulu clay, and (2) an acid red clay from 
the Kunia district of the Island of Oahu. Three crops were 
grown of each legume variety, using 4 pots for each trial of 
each variety. At maturity, the plants were removed, weighed, 
and analyzed for nitrogen. Analyses of the soil for nitrogen 
were made before planting and after removing the crop. The 
nitrogen content was determined from the yield of freshly 
cut stems and leaves. Table I shows the approximate content 
of legume varieties (calculated on the basis of a ton of fresh 
cut stems and leaves). The following values (in pounds) are 
given for two varieties of soybeans: Otootan and Barchet. 
Nitrogen in total plant: 20.0 / 21.2. Nitrogen in stems and 
leaves: 15.7 / 15.6. Nitrogen in roots: 4.3 / 5.6. These fi gures 
show that a great deal of the nitrogen in the leguminous 
plants was obtained from the air and fi xed by the root 

nodules.
 Table II shows the comparative nitrogen adding values 
of various legumes grown as green manure. The following 
values are given for the same two varieties of soybeans: 
Otootan and Barchet. Estimated tonnage of fresh-cut stems 
and leaves per acre: 11 / 8. Approximate nitrogen content of 
total plant per ton of fresh-cut stems and leaves (lbs): 20.0 
/ 21.2. Estimated nitrogen added to soil per acre by average 
crop turned under (lbs): 250 / 170. Estimated time necessary 
to mature crop for green manure (months): 4 / 4. Address: 1. 
Chemist; 2. Asst. Chemist; 3. Asst. Agronomist.

480. Kuraz, Rudolf; Senft, Emanuel. 1917. Anbauversuche 
mit gelbsamiger Sojabohne in Oesterreich [Agronomic trials 
with yellow-seeded soybeans in Austria]. Zeitschrift fuer 
das Landwirtschaftliche Versuchswesen in Oesterreich 20(1-
2):177-211. Jan/Feb. [5 ref. Ger]
• Summary: Above the title is written (in German) 
“Proceedings: Communication of the Committee for 
National (staatlichen) Promotion of the Cultivation of 
Medicinal Plants in Austria.”
 Contents: Introduction (by Emanuel Senft). Report: 
Introduction. Foreword. Varieties cultivated: G.-Soja and 
D.-Soja. I. Some cultivation trials: Soil, weather conditions, 
cultural trials with G.-Soja (1914, 1915, 1916), cultural 
trials with D.-Soja (1914, 1915, 1916), cultural trials with 
Vukovar-Soja (in Vukovar, Slavonia [Croatia]). New 
varieties: S.-Soja, B.-Soja.
 II. Cultural trials in individual regions of Austria: 
1915 G.-Soja in Steiermark. 1915 D.-Soja in Steiermark, 
Böhmen, Mähren. 1916 in Lower Austria (Niederösterreich), 
Upper Austria (Oberösterreich), Mähren, Steiermark, 
Böhmen, Kärnten (also called Carinthia), Istria (Istrien), 
Krain, Hungary (Ungarn), Germany (Deutschland), Bosnia 
(Bosnien), Salzburg, Shlesien (Troppau, Freudenthal), 
Vorarlberg, Tyrl (Tirol, Innsbruck), Dalmatia (Dalmatien). 
Conclusions (trials ended at the end of December 1916).
 The cultural trials conducted during the years 
1914, 1915, and 1916 throughout Austria were largely 
unsuccessful. Because the fi elds were heavily manured 
with stall manure and well inoculated, the plants showed a 
vigorous vegetative growth, so that the introduction of the 
soybean as a green forage plant could be well recommended. 
But it remains to be seen whether the soybean can be 
grown for its seeds. We already know that in many parts 
of Austria, the soybean will not completely mature its 
seeds under unfavorable weather conditions. In 1916, for 
example, in Mähren [Moravia] and Lower Austria, many 
trials demonstrated this. The problem is not with the plant 
but with the climate and weather. In most parts of Austria, 
farmers should not develop unreasonably high hopes over 
this “wonderful foreigner.”
 Three trials accompanied by reports were conducted 
in Bosnia. It seems that certain regions in Bosnia can be 
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considered for commercial cultivation of soybeans. In Tesanj, 
G.-Soja was planted at the beginning of June and harvested 
when completely ripe in mid-September. Individual plants 
produced 180 seeds on average. In Derventa (115 meters 
altitude) the plants lived for 119 days and yielded 1,100 kg/
ha. In Jajce (330 meters altitude; as of 2002 in north-central 
Bosnia and Herzegovina on the Vrbas River), 330 kg/ha of 
well matured soybeans were harvested. The experimenters 
consider soybean cultivation to be promising and want to 
continue on a commercial scale. Note 1. In 1908 Bosnia and 
Herzegovina were annexed by Austria-Hungary.
 At the end of this article are nine photos of several 
types of soybeans grown in various locations, especially 
Korneuburg (in Lower Austria).
 Note 2. This is the earliest document seen (Sept. 2015) 
concerning soybeans in Bosnia and Herzegovina, or the 
cultivation of soybeans in Bosnia and Herzegovina. This 
document contains the earliest date seen for soybeans in 
Bosnia and Herzegovina, or the cultivation of soybeans 
in Bosnia and Herzegovina (1916). The source of these 
soybeans is unknown. Address: 1. Dr., Austria; 2. Lecturer, 
Master of Philosophy (Dozent, Magister der Philosophie), 
Vienna, Austria.

481. Piper, Charles V.; Hendrick, H.B. 1917. Illustrated 
lecture on leguminous forage crops for the North. USDA 
Syllabus No. 25. 18 p. Feb. See p. 2, 4, 6, 8, 11-12. [6 ref]
• Summary: Contents: Introduction. Distinguishing 
characteristics of legumes of leguminous plants. Function of 
root nodules and nodule bacteria. Inoculation: Soil-transfer 
method, soil-coating method, liquid-culture method. The 
relation of legumes to cropping systems. Commendable 
cropping systems: Corn, oats, wheat, “grass” rotation. 
Utilization of leguminous crops. Principal leguminous crops 
for the north: Red clover, alsike clover, soy beans, cowpeas, 
alfalfa, melilotus, vetches, crimson clover, fi eld peas.
 This syllabus is illustrated with 45 lantern slides. The 
numbers in the margins of the pages refer to the lantern 
slides as listed in the Appendix.
 The section titled “Legumes as green manures” (p. 8) 
states: “A crop that is sown following the main crop of a 
season is called a catch crop... Soy beans are perhaps the 
best legume catch crop for this section.” “A crop sown to 
occupy the ground during the interval between the growing 
of regular crops is called a cover crop.” Winter cover crops 
offer three benefi ts; in addition, leguminous cover crops add 
nitrogen to the soil. Soy beans are good for use as a green 
manure in crop rotations.
 In the section titled “Principal leguminous crops for the 
South,” the subsection on “Soy beans” (p. 11-12, illustrated 
with slides 31-34) is a good, basic 1¼-page introduction 
to the crop. The fi rst part is identical to USDA Syllabus 
No. 24, “Illustrated lecture on leguminous forage crops 
for the South,” by the same authors. “The Ito San is one of 

the best of early varieties, while the Haberlandt, Wilson, 
Tokyo, Medium Yellow, and Barchet are popular in certain 
sections.” The last part gives more details on how to sow 
soy beans, and to cut and cure them for hay. “It is not well to 
plant soy beans near to woods, as rabbits are very fond of the 
plant.” Address: 1. Agrostologist in Charge of Forage-Crop 
Investigations, Bureau of Plant Industry, USDA; 2. Specialist 
in Agricultural Education, States Relation Service, USDA.

482. Schmitz, Nickolas. 1917. Soybeans. Maryland 
Agricultural Experiment Station, Bulletin No. 201. p. 131-58. 
Feb. [4 ref]
• Summary: Contents: Introduction. Uses of soybeans: 
For hay, as a concentrate for dairy cows, as a concentrate 
for hogs, for hog pasture, for silage or soiling, for soil 
improvement. Possibilities of soybeans in Maryland: For 
hay. For hog pasture. For replacing wheat or corn as a ready 
money crop. For supplying home-grown protein. Variety 
tests. Conditions under which the tests were made: Soil, 
rotation, manner of planting, harvesting and threshing. 
Explanation of tables IV and V. Description of varieties: 
Virginia, Ebony, Cloud, Haberlandt, Peking, Meyer, Edna, 
Wilson, Ito San, Mammoth Yellow, “1822,” “1825,” and 
3691” (all unnamed). Culture of the crop: Climate, soil 
requirements (Eastern Shore, Southern Maryland, Western 
Maryland), inoculation, soil inoculation vs. artifi cial culture 
inoculation (Methods of using the soil, using the glue 
method, using the artifi cial culture), preparing the seedbed, 
time of planting, depth of planting, rate of planting, methods 
of planting (for hay, for seed), implements used for planting, 
cultivation, fertilizers, harvesting (for hay, for seed), methods 
of harvesting, thrashing, care of soybean seed.
 “Methods of harvesting: When soybeans are cut for seed 
before the leaves have fallen they may be cut with a mower 
and handled the same as when cured for hay. They may also 
be cut with the pea bunching attachment on the cutter bar 
and dumped into piles or they may be cut with the self-rake 
reaper. In either case the piles must be watched and turned 
frequently until dry. The piles may also be set up in small 
shocks and allowed to dry. The best method, however, is to 
grow upright varieties and harvest with the wheat binder, the 
same as wheat.”
 Tables give analyses of soybeans for oil content, 
comparison of the soybean seed with some other 
concentrates commonly fed over the state, and with hay of 
the legumes commonly grown over the state. Photos show: 
A soybean plant (p. 132). (2) Portion of soybean hay fi eld 
(p. 138). (3) Rows of soybeans in a fi eld; the variety name is 
marked on a stick at the end of each row (p. 146). (4) Roots 
of an inoculated soy bean plant with many nodules (p. 150). 
(5) Nine-cup wheat drill equipped with a market to seed 
soybeans in rows 28 inches or 35 inches apart (p. 154, 156).
 Concerning the variety Edna (p. 144): “This is another 
black-seeded variety, upright in growth, free-branching, with 
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not tendency to twine. It is very leafy and the leaves are 
retained until it is well matured. It is therefore an excellent 
variety when a maximum yield of mature seed and at the 
same time a fairly good hay is desired on the same crop. In 
tests over the state under different soil conditions this variety 
has not yielded as well on poor soil as many other varieties. 
It also seems less drought-resistant than other varieties, but 
on fairly fertile soil good results may be expected. It is ready 
for hay in 98 days, giving a maximum yield in 119 days and 
maturing seed in 135 days.” Address: Agronomy, College 
Park, Maryland.

483. Christie, G.I. 1917. Legume crops soil essential: 
frequent planting maintains nitrogen supply and prevents 
diminishing yield, say Purdue University expert. Soy bean 
found profi table. Indianapolis Star (Indiana). March 3. p. 15.
• Summary: “Soy bean profi table: Soy beans are proving 
a desirable and profi table legume crop. Prof. Wiancko of 
the soils and crops department of Purdue says that soy 
beans can he satisfactorily used either as a hay crop or as a 
seed crop. The benefi cial effect upon the soil, while not as 
pronounced as that of a good clover crop, is nevertheless 
quite considerable. Soy beans not only enrich the soil in 
nitrogen, but they also improve its physical condition for the 
succeeding crop. In experiments continued for a number of 
years at Purdue it was found that the roots and stubble of soy 
beans contain about ten pounds of nitrogen for each ton of 
soy bean hay produced, and two or three tons per acre is not 
an uncommon yield on good corn land.
 “When the crop is harvested for seed the straw should be 
returned to the land and this will add twenty-three pounds of 
nitrogen per ton or about half as much as clover. Farmers are 
too often putting the land back to corn when clover fails. The 
soy bean offers a means of getting the legume effect to the 
rotation, and as a crop it may be even more profi table than 
clover.
 “Suggestion for Results: Prof. Wiancko also suggests 
that when soy beans are used simply as a soil improvement 
crop to be plowed under, bushel of seed to the acre drilled 
solid with a wheat drill will give good results. For seed 
production it is usually bettor to plant in drills for cultivation, 
using about half a bushel of seed to the acre. Either the 
corn planter or the wheat drill with the holes not needed 
stopped up can be used for this purpose. We have found the 
corn planter set at 3 feet, using one of the smaller plates 
(according to the size of seed), putting the chain on the 
large sprocket and regulating the rate of dropping to be a 
satisfactory means of planting soy beans. The grain drill 
can be used just as satisfactorily, using the oats feed and 
regulating to drill the beans about two inches apart in the 
row.
 “Wherever the soy bean is grown for the fi rst time the 
soil should be inoculated with the proper nitrogen-gathering 
bacteria. This can be done easily by mixing two or three 

quarts of soil from an old soy bean fi eld with a bushel of 
seed just before planting. Enough of this soil will adhere to 
each seed to inoculate the young plant as soon as it starts. 
Farmers and seed dealers selling soy beans in this state win 
furnish inoculating soil with the seed if requested.
 “For northern Indiana the Ito San, Early Brown, and 
similar early-maturing varieties are best. For central and 
southern Indiana Hollybrook, Sable, Mikado and related 
varieties are to be recommended.” Address: Superintendent 
of Agricultural Extension, Purdue Univ.

484. Fain, John R.; Vanatter, P.O. 1917. Soy beans and 
cowpeas. Georgia State College of Agriculture, Extension 
Circular No. 46. 8 p. March.
• Summary: Contents of the section on soy beans: History. 
Description of plant. For food and oil. Seeding in corn. 
Hay. Soy beans for silage. A grazing crop for hogs. Soil 
requirements. Inoculation. Seeding. Drought resistance. 
Varieties. Varieties grown for less than three years: Edward, 
Cloud, Jet, Tokio. Diffi culty in production (rabbits, 
the pods burst upon maturing). Methods of harvesting. 
Recommendations.
 Table 1, titled “Variety test, soy beans–Average of three 
years” (p. 4) lists the following varieties: Virginia, Black, 
Mammoth Yellow, Wilson, Pekin, Haberlandt, Brown, 
Tarheel, Acme, Hollybrook, Ito San Yellow. For each variety 
is given: Yield of seed and of hay. Date harvested for hay, 
for grain. Days to mature. The highest seed yield came from 
Virginia (21.81 bushels/acre), followed by Black (15.41) and 
Mammoth Yellow (14.85). The highest yield of hay cane 
from Black (2.03 tons/acre), followed by Mammoth Yellow 
(1.92) and Acme (1.80). The earliest variety is Ito San 
Yellow (94 days). “Some of the dwarf kinds that have been 
tried, mature much earlier but give very poor yields. The 
early Dwarf Green was tried out for three years and gave a 
yield of slightly over one-half ton of hay per acre, and a yield 
of grain correspondingly low. Ordinarily these very early 
sorts will not be used” (p. 4).
 A table at the end of the article gives a comparative 
analysis of the chemical composition of soy bean and 
cowpea grain and hay. Address: 1. Prof. of Agronomy; 2. 
Instructor in Agronomy. Both: Athens, GA.

485. Jenkins, E.H.; Street, J.P.; Hubbell, C.D. 1917. Tests 
of soy beans, 1916. Connecticut Agricultural Experiment 
Station, Bulletin No. 193. 10 p. March.
• Summary: Contents: Soy bean oil: Meal, seed, forage 
(yield and composition of 17 soybean varieties). Soy beans 
as green manure. Cow peas. Suggestions for growing soy 
beans. What uses can be made of soy beans in Connecticut. 
Note on the plant food in a corn crop.
 “During 1916 a considerable number fi eld tests of soy 
beans have been made by farmers in this State. The County 
Agents of the Extension Department of the Agricultural 
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College have placed and superintended these tests... The 
purpose of this bulletin is to record the results of the Station’s 
tests at Mount Carmel in 1916 and certain other data which 
concern the soy bean crop.
 “There are four products derived from this crop, one 
or more of which give it importance in different sections of 
the country. These are the oil, the oil cake or meal, the seed, 
and the forage, which is used either for hay, ensilage, soiling 
cattle, or as a green manure.”
 A table on (p. 5) shows the yield and composition of 17 
soybean varieties grown at Mt. Carmel in 1916. The varieties 
are: Ito San, Cloud, Swan, Morse, Hollybrook, Wilson, 
Ohio 7496, Manchuria, Arlington, O’Kute [Okute], Wing’s 
Mongol, Medium Green, Ebony, Kentucky 10, Kentucky 11, 
Kentucky 24. The fresh yield of forage averaged 9,839 lb/
acre (maximum fresh yield was 13,590 lb/acre from O’Kute), 
and the water-free yield averaged 2,600 lb/acre (maximum 
water-free yield was 3,325 lb/acre from Medium Green). 
“The yields in almost all cases are disappointing.” Includes 
many smaller tables showing yields and composition of soy 
beans. A photo (on the front cover) shows a man standing in 
a fi eld of soy beans. Address: 1. Director of the Station and 
Treasurer, New Haven, Connecticut; 2. Chemist in Charge; 
3. Asst. Plant Breeder.

486. Morse, W.J. 1917. Soy beans in the cotton belt. USDA 
Cooperative Extension Work in Agriculture and Home 
Economics, States Relations Service No. A 85. 7 p. S.R.S. 
Doct. 43. Ext. S. Originally published in Jan. 1915 under the 
same title as a USDA Offi ce of the Secretary Special.
• Summary: Contents: Introduction. Adaptations. Soil 
preparation. Fertilizers. Inoculation. Seeding and cultivation. 
Rotations. Mixtures. Varieties. Soy beans for hay. Soy beans 
for pasture. Soy beans for soiling. Soy beans for ensilage. 
Soy beans for seeds. Storing soy beans. Value for human 
food. Soy-bean oil and cake.
 “This circular is intended especially for farmers in the 
cotton belt who desire to diversify their farming by partly 
replacing cotton as the sole money crop with other profi table 
crops.”
 “The soy bean, called also soya bean, soja bean, and, in 
North Carolina, stock pea, is an erect, rather hairy, summer 
legume, resembling somewhat the common fi eld bean, but 
usually much taller and not twining...
 “Although the soy bean as an article of food has 
attracted attention from time to time in the U.S., thus far it 
has been used but little. The beans contain only a trace of 
starch and are highly recommended as a food for persons 
requiring a food of low starch content. The numerous ways 
in which the bean can be prepared as human food should 
encourage its greater use. The dried beans may be used 
like the ordinary fi eld or navy bean in baking or in soups. 
When prepared in either of these ways the beans require a 
somewhat longer soaking and cooking. The immature bean 

when from three-fourths to full grown compares favorably 
with the butter or lima bean. Roasted and prepared soy beans 
make a substitute for coffee which has been found pleasing 
to those fond of cereal beverages. In Asiatic countries the 
dried beans are soaked in salt water and then roasted, this 
product being eaten after the manner of roasted peanuts. 
Soybean meal or fl our may be used as a constituent of 
biscuits, muffi ns, and bread, or in any recipe in which corn 
meal is used. In the various preparations one-fourth or one-
third soy bean fl our or meal and the remainder wheat fl our 
are recommended.”
 Note: This is the earliest English-language document 
seen (June 2009) that uses the term “immature” in 
connection with green vegetable soybeans. Address: 
Scientifi c Asst., Forage-Crop Investigations, USDA Bureau 
of Plant Industry, Washington, DC.

487. Prince, Ford S. 1917. The soy bean in New Hampshire. 
New Hampshire Agricultural Experiment Station, Bulletin 
No. 181. 20 p. March.
• Summary: Contents: Introduction. Description of the 
plant. Reasons for growing soy beans. Soils and fertilizers. 
Inoculation. Seeding the crop. Soy beans mixed with corn 
(“Many farmers have tried to grow soy beans and corn mixed 
in the same rows for silage. On account of the difference of 
the size and shape of the seeds it is hard to secure a uniform 
stand of either one”). Cultivation. Harvesting. Soy bean 
yields (as forage). Feeding value of soy beans. Varieties. 
Other uses of the soy bean: As a soiling crop, as a seed crop, 
as a human food, as a crop for soil improvement.
 “The purpose of this bulletin is to describe methods 
of growing and harvesting the soy bean, to discuss ways in 
which our farmers may use it, and to report some fi eld trials 
of varieties, inoculation and fertilization which may have 
been made at the Experiment Station during the past few 
years.”
 Tables I and II show variety characteristics of soy 
beans: Kentucky, Wisconsin Early Black, Black Champion, 
Guelph, Swan, Manhattan, Medium Yellow (Connecticut), 
Hollybrook, Ebony, Haberlandt, Mammoth, Medium Yellow 
(B.P.I.), Wilson, Manchu, Black Eyebrow, Ito San.
 Table I gives for each variety: Color of seed, color of 
seed scar [hilum], weight of 100 seeds, color of pubescence, 
color of bloom [fl ower], character of foliage (ranges from 
fi ne to coarse). Table II gives: Number of days until fi rst 
bloom, number of days until fi rst pods, number of days until 
fully podded, stage of maturity at cutting–112 days after 
planting.
 Table III–Effect of inoculation on green weight per 
acre: Inoculated–7.192 tons. Uninoculated 4.672 tons. Table 
IV–Soy Bean Yields and Analyses, gives the yield and 
constituents of sixteen varieties; and Table VII–Digestible 
Nutrients in 100 Pounds, compares soybean hay with alfalfa 
hay, red clover hay, and timothy hay.
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 Concerning yields: “The highest green weight per acre 
recorded is slightly over 10 tons, with an average for 16 
varieties of over 8 tons. The highest yield of dry weight per 
acre is slightly over 2.6 tons, with an average of 2.15 tons. 
The inoculated plot of soybeans gave 7.192 tons in green 
weight to the acre, while the uninoculated plot gave 4.672 
tons, thus representing a gain of 2.520 tons per acre due to 
inoculation.
 Concerning use as a human food (p. 19): “Although the 
soy bean has not been in general use as a human food, it is 
highly nutritious and is at present on the market in the larger 
cities for human consumption on account of the prevailing 
high prices and scarcity of fi eld beans. It is not as palatable 
at fi rst as the ordinary bean, but there is no doubt that our 
people can acquire a taste for it. The bean is prepared by 
either stewing or baking. It requires considerably longer to 
cook the soy bean than other beans.”
 Photos show: (1) Soy beans uninoculated and inoculated 
(front cover). (2) Plant of Medium Yellow soy beans with 
leaves removed to show pod formation (p. 3). (3) Roots of 
soy bean showing nodules. “A veritable nitrogen factory” 
(p. 5). (4) A man standing in a fi eld of Medium Green soy 
beans (p. 7). (5) Men standing in a fi eld of uninoculated 
and inoculated soy beans (p. 9). (6) Two large heaps of 
inoculated and uninoculated soy beans after harvesting. The 
inoculated heap is larger (p. 10). (7) A man standing in a fi eld 
of corn and soy beans grown together. “Good soy beans can 
be produced in corn if conditions are favorable” (p. 11).
 Note: This is the earliest document seen (Oct. 2004) that 
mentions the soybean variety Wisconsin Early Black.

488. Whiting, Albert Lemuel. 1917. Soil biology: laboratory 
manual. New York, NY: John Wiley & Sons, Inc.; London: 
Chapman & Hall, Ltd. ix + 143 p. Illust. (forms). No index. 
19 cm. [30+ ref]
• Summary: Soybeans are mentioned on pages 28, 45, 72, 
84, 128, and 134.
 Page 28: “This experiment is designed to show the 
weekly ammonia and nitrate production from organic 
materials, such as are used in agricultural practice and under 
as nearly similar conditions as possible. Such materials as 
clover, sweet clover, soybeans, cowpea, and alfalfa hays, 
corn stalks, wheat and oat straw, and farm manures are 
applied in both the green and dry condition according to 
common usage.”
 The section on “Symbiotic nitrogen fi xation” states (p. 
45): “7. Calculate the gain in nitrogen due to inoculation on 
the basis of standard crops of cowpeas and soy beans.
 “8. Through what organs do legumes obtain the 
atmospheric nitrogen?
 “9. What American scientists fi rst noted and carefully 
studied nitrogen fi xation?”
 On page 72 is described an experiment for “Isolation 
of urease” using powdered soy bean seeds. The student is 

then asked to “Test the soy bean urease preparation on urea 
solution.”
 In the section on “Cross inoculation of legumes” we 
read (p. 84): “There are many wild legumes which should be 
tested on the cultivated. Wild vetches, beans, peas, lespedeza, 
desmodium (ticks), beggarweed, coffeeweed and many more 
and their relation to beans (common), soybeans, and many 
others are typical cases which are not yet solved.”
 In the section on “Mechanical methods,” the subsection 
titled “Sterilization of seeds” states (p. 128): “Large seeds 
with tough seed-coats are taken in forceps, dipped in alcohol 
(95 per cent) and passed through a low fl ame. Cowpeas and 
soybeans have been successfully treated in this way in this 
laboratory.”
 In the section on “Pot culture methods,” the subsection 
on “Crops” states (p. 134): “Plants differ in their adaptability 
to grow under greenhouse conditions and only experience 
can make fi ne distinctions as to the best choice of crop. 
As a rule, annuals are more uniform in their growth than 
biennials or perennials; this is especially true of the legumes. 
Cowpeas, soybeans, and the cereal crops are well suited to 
these methods.”
 Note: Albert Lemuel Whiting was born in 1885. 
Address: Ph.D., Associate in Soil Biology, Univ. of Illinois, 
College of Agriculture and Agric. Exp. Station.

489. Williams, C.G.; Park, J.B. 1917. Soybeans: Their 
culture and use. Ohio Agricultural Experiment Station, 
Bulletin No. 312. p. 577-600. March. [3 ref]
• Summary: This bulletin consists of two articles: “Soybean 
Culture” by Williams, and “Uses of Soybeans” by Park. The 
latter, which contains extensive information on soyfoods, 
is an extract of Park’s paper titled “Soybeans as Human 
Food. Palatable Dishes Made from a Comparatively New 
Legume”; it was printed in Ohio Agricultural Experiment 
Station Monthly Bulletin 2(9, whole no. 21):299-303. Sept. 
1917.
 Contents: I. Soybean culture. Introduction: Production 
in Ohio, place. Climate and soil requirements: Climate, soil, 
fertilizers, inoculation. Seeding and cultivation: Seed bed, 
time of seeding, manner of seeding, depth seeding, rate of 
seeding, cultivation. Harvesting: For hay, for silage, for seed 
(“The best implements for cutting soybeans for seed are the 
mowing machine with side-delivery attachment, the self-rake 
reaper and the grain binder.”), threshing. Varieties: For seed 
production, for hay. The effect of soybeans in crop rotations.
 Tables show: (0) Acreage planted to fi ve legumes 
in Ohio. Red and alsike clover: 880,676 acres (No. 1). 
Soybeans: 4,921 acres (No. 4). (1) Rate of seeding and yields 
of soybeans in Ohio from 1909 to 1916. Best rate–3 pecks/
acre–gave 6-year average yield of 3,540 lb/acre of beans. (2) 
Description of 25 varieties: Amherst, Auburn, Cloud, Ebony, 
Elton (Chestnut)* (* = The Elton was fi rst sent out by the 
U.S. Department of Agriculture under the name of Chestnut), 
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Habaro, Hollybrook, Ito San, Ito San 17268, Manchuria, 
Medium Green, Mongol, Mikado, Ohio 7491, Ohio 7496, 
Ohio 9001, Ohio 9016, Ohio 9035, Ohio 9100, Ohio 9110, 
Sable, Shingto, Taha, Wing’s No. 1, Yosho. The fi ve highest 
yielders of grain are: Ohio 9016 (29.22 bu/acre, 5 year 
average), Ohio 7496, Elton, Ito San 17268, and Shingto.
 (3) Yields of grain and straw of these 25 varieties. (4) 
Variety tests at the county experiment farms (yields of 8 
varieties). (5) Soybean hay test (yields of 10 varieties, 1912-
1916). (6) Wheat yields following crops of corn, soybeans 
(the highest), potatoes, or oats.
 Part II. Uses of soybeans. Introduction. Use for animal 
food: Hay, grain, soiling crop. Special uses and products: 
Soybean meal, soybean oil. Use for human food: Soy sauce, 
soybean milk, use of the whole beans.
 Concerning soymilk and tofu (p. 300): “If a small 
amount either of acid or of magnesium or calcium salts is 
added to the liquid [soybean milk], or if it is allowed to stand 
until sour, a curd is formed which settles out, leaving a clear, 
yellowish, watery liquid. The grayish white curd can be 
drained, pressed and eaten like cottage cheese. When salted 
and fried it is palatable, and can be used as a salad. This bean 
curd is the tofu which is so extensively eaten in the Orient. It 
is made fresh every day, and is as staple an article of diet of 
Oriental peoples as bread is of ours. As used by the Japanese 

these cakes contain 83 to 88 percent of water, 
7 to 11 percent of protein and 4 to 5 percent of 
fat.”
 Concerning use of the whole beans: 
“When properly roasted and prepared, the ripe 
soybean makes a good substitute for coffee, 
equal to many of the cereal preparations on 
the market” (p. 302).
 Photos show: (1) A soybean plant with 
its leaves removed to show pods (front 
cover). (2) A fi eld of soybeans, with about 
half the leaves fallen, ready to be cut for 
seed (opposite p. 581). (3) Root system of 
a soybean plant with “numerous nodules in 
which nitrogen-fi xing bacteria live” (p. 583).
 Tables show: (7) Percentage composition 
and digestibility of soybean meal (pressed, or 
extracted) and other foodstuffs [oil meals and 
feed grains] for comparison. (8) Quantity and 
value of imports of soybeans, soybean cake, 
and soybean oil into the United States, 1910-
1915.
 Bar charts show (p. 600): (1) Pounds of 
digestible protein in 100 pounds of 14 food 
materials; soy beans are highest at 28.3 lb. (2) 
Pounds of digestible protein and digestible 
carbohydrate that one dollar will buy in 
the form of the same 14 food materials; in 
the form of soy beans, it will buy the most 
digestible protein (9.43 lbs at 3 cents/pound) 

and the 4th most digestible carbohydrate (after corn meal, 
rice, and wheat fl our). Address: Wooster, Ohio.

490. Brunson, L.E. 1917. Planting soy beans and corn (Letter 
to the editor). Hoard’s Dairyman 53(14):600. April 27.
• Summary: “I have raised soy beans for the past nine 
years and have tried many different varieties. I fi nd this a 
most valuable addition to corn for silage or for dry fodder 
feeding... I would suggest the medium green, the yellow, or 
the black medium varieties. These will grow at least two or 
three feet in height, and the corn binder will harvest them 
nicely.” Last Year, Mr. Brunson’s Jersey herd “returned $2.75 
for each dollar’s worth of feed fed. As a result of feeding 
corn and soy beans silage Mr. Brunson estimates he saved 
40% on his grain bill. The average winter ration consisted of 
37 lbs. corn and soy bean silage; 6 lbs. clover, pea and oat 
hay; and 4 lbs. gluten feed.”
 Photos show: (1) A row of corn and soy beans grown 
together on Mr. Brunson’s farm, 86 days after planting. (2) 
Part of Mr. Brunson’s Jersey herd that made big gains as 
a result of being fed on corn and soy bean silage. (2) Parts 
of two soy bean plants grown on Mr. Brunson’s farm, with 
leaves, pods, and root nodules. Address: Wisconsin.
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491. Burlison, W.L.; Allyn, O.M. 1917. Soybeans and 
cowpeas in Illinois. Illinois Agricultural Experiment Station, 
Bulletin No. 198. 20 p. April.
• Summary: Contents: I. Soybeans. Introduction. Soil 
and climatic requirements. Plant characteristics. Culture. 
Inoculation. How soybeans are harvested. When to cut 
soybeans. Variety trials for central Illinois–Tests at Urbana in 
Champaign County. Variety trials for southern Illinois–Tests 
at Fairfi eld, in Wayne County. II. Cowpeas.
 Page 3: “The soybean has rapidly gained popularity in 
Illinois during the last ten years because it fi ts so well into 
systems of farming when clover fails, and because it thrives 
in this climate under soil conditions which either exist or 
which the farmer can provide.
 “Soybeans may serve a variety of purposes, but up to 
the present time the crop has been cultivated primarily for 
seed production. On a more or less limited scale it will be 
found profi table for soiling cattle or sheep. As a hay crop it 
is satisfactory for most classes of live stock. When pastured 
by hogs and cattle, it gives profi table returns. When clover 
fails, soybeans may be grown as a green manure for soil 
improvement.
 “For years the soybean has been cultivated in Japan 
and China, mainly for human food and for oil. It was fi rst 
cultivated in the United States in 1829, but was little known 
until 1854.”
 “Inoculation (p. 5): It is usually advisable to inoculate 
soybeans. The surest way to accomplish this is by means of 
well-infected, natural soil, collected where soybeans have 
grown with an abundance of root nodules. Soybeans are not 
cross-inoculated by bacteria from other legumes.
 “The glue method of inoculation, fi rst suggested by this 
station, has been found very satisfactory. Prepare a solution 
by heating one gallon of water and six ounces of glue. 
Moisten the soybeans with the mixture and sift over them 
well-pulverized, infected soil. Apply suffi cient dirt to give a 
thin coating for each seed. Stir until the seeds are practically 
dry, and plant within a day or two.
 “Inoculation may be accomplished by drilling 100 
pounds of soil per acre with the seed, or by broadcasting 500 
to 1,000 pounds of infected soil after the ground is plowed 
and before the seed bed is prepared. For general practice, the 
Illinois Station does not recommend commercial cultures for 
inoculation of soybeans or other legumes.”
 Page 6: “Soybean variety tests at Urbana were 
systematically started on the University South Farm in 
1903. The seeding has been done with an ordinary grain 
drill, the seed openings being closed so as to place the 
drill rows 24 to 32 inches apart.” 30 to 40 pounds of seed 
per acre are suffi cient if the beans are planted in rows. In 
central Illinois, the leading varieties for seed production are 
Haberlandt, Hong Kong [Hongkong], Chestnut, Amherst, 
Ebony, Sherwood, Meyer, and Nuttall. “Ebony is a standard, 
consistent-yielding, medium-late variety. Medium Yellow, 

altho not a high-yielding variety in seed, is an early type, and 
for this reason it is usually planted when winter wheat is to 
follow soybeans.”
 Table 2 shows the average yields from 34 soybean 
varieties grown at Urbana from 1903 to 1916. The varieties 
are: Medium Green, Ebony, Ito San, Ogema [Ogemaw], 
Haberlandt, Black, Amherst, Chestnut, Swan, Meyer, Hong 
Kong [Hongkong], Wilson, Tashing, Nuttall, Sherwood, 
Medium Yellow, Flat King, Holly Brook (also spelled 
Hollybrook), Early Yellow, A.K. (fi rst tested in 1914), 
Early Yellow Dwarf, Early Black, Habaro, Merko, Pingsu, 
U.S.D.A. No. 16786, Jet, Early White, Ito San Northern, 
Early Yellow Northern, Medium Green Northern, Brownie, 
Acme, Yellow. The highest yield in one year from any 
variety (Chestnut) was 32.2 bushels/acre. The best overall 
yielders were Haberlandt, Chestnut, Hong Kong, and A.K.
 Table 4 shows yields of hay from 22 soybean varieties 
tested at Urbana from in 1904, 1905, 1914, 1915, 1916. The 
highest yield in one year from any variety (Hong Kong) 
was 2.65 tons/acre. The top yielders were Medium Yellow, 
Meyer, Late Yellow, and Early White. Table 6 shows the 
yields of straw from 32 soybean varieties. A similar set of 
6 tables is given for the results at Fairfi eld. “Cowpeas are 
rather unsatisfactory for central Illinois compared with 
soybeans. They are also distinctly less desirable for southern 
Illinois, except on poor, unfertilized, sour soil...” Table 14 
shows the characteristics of 27 different soybean varieties 
(listed alphabetically): Shape and size of plants, size of pod, 
shape of seed, color of seed, days for plant to reach maturity, 
general remarks.
 Note: This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety A.K. Address: 1. Assoc. 
Chief in Crop Production; 2. First Asst. in Crop Production.

492. Stewart, Robert. 1917. Soy beans in the Corn Belt. 
A three-use crop that works well in the rotation. Country 
Gentleman 82(18):828. May 5.
• Summary: An account of the crop rotation of corn, 
soybeans, wheat and clover used by W.E. Riegel, manager 
of the Meharry farm, in Champaign County, Illinois. “The 
Meharry farm includes 800 acres, and is one of the largest in 
that part of Illinois. Mr. Riegel has had remarkable success 
with a rotation consisting of corn, soy beans, wheat and 
clover. He has used soy beans for a good many years, both as 
a soiling crop and as a green manure, but it is only during the 
past three years that he has given them a defi nite place in the 
rotation.
 “Last year he had 120 acres of soy beans and he expects 
to increase this acreage until he has 150 acres each year... the 
beans yield from sixteen to eighteen bushels of seed or when 
cut for hay, two tons to the acre...
 “The beans are thoroughly inoculated with nitrogen-
fi xing bacteria by means of the glue method, soil being used 
from a fi eld on which soy beans have been successfully 
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grown. The beans are planted by an ordinary wheat drill with 
the shoes set every seven inches...
 “Mr. Riegel uses the beans in three distinct ways: For 
the production of seed; for the production of hay; and as a 
combination with corn for hogging down...
 “The seed fi nds a ready market. The 1916 crop sold for 
$2.25 a bushel.” A photo shows a fi eld of soy beans planted 
in rows. Caption: “After the beans are twelve to sixteen 
inches high cultivation is unnecessary.”

493. Thompson, Alice R. 1917. Chemical studies of the 
effi ciency of legumes as green manures in Hawaii. Hawaii 
Agricultural Experiment Station, Bulletin No. 43. 26 p. May 
7. [8 ref]
• Summary: Table II (p. 5) gives the weight and nitrogen 
content of one seed, and the moisture content, of 32 legume 
seeds, including fi ve varieties of soy beans: Virginia, 
Otootan, Riceland, Barchet, and Wilson–plus cowpeas, 
Sunn hemp, kulthi (Dolichos bifl orus), and German lupine 
(Lupinus hartwegii). Table III (p. 7) gives a comparison of 
the ammonia, nitrate, and nitrite nitrogen in check soils with 
that in soils on which legumes (including numerous soy 
beans) had been grown.
 The section titled “Composition of legumes” (p. 11-19) 
notes that a number of legumes, such as the cowpea and 
soy bean, “developed spherical pealike nodules.” Table VII 
(p. 13) lists the percentage of nitrogen (water-free basis) in 
above-ground parts of 32 legumes on station soil and kunia 
soil. Table VIII (p. 14) shows the percentage of nitrogen in 
the roots (water-free basis) of the same 32 legumes on the 
same 2 soils. Table IX (p. 15) lists the percentage of nitrogen 
in the whole plant (water-free basis) of the same 32 legumes 
on the same 2 soils. Table X (p. 16) gives the percentage 
of nitrogen in the whole plant (fresh material) of the same 
32 legumes on the same 2 soils. Table XI (p. 17) lists the 
percentage of moisture in the whole plant (fresh material) 
of the same 32 legumes on the same 2 soils. Table XII (p. 
17-19) shows the weight (in grams) of nitrogen in the whole 
plant of each pot, and in the above-ground parts (foliage) and 
roots of the same 32 legumes on the same 2 soils. Table XIII 
(p. 20) shows the nitrogen in various plants grown on station 
soil. Related tables appear on pages 22-24.
 Summary: “(1) The nitrate content of soils in which 
legumes are growing is low as compared with unplanted 
check soils, owing possibly to absorption of nitrates by 
roots of the growing plants. (2) Where a large amount 
of leguminous growth is turned under to decompose, the 
nitrate content of the soil usually is greatly increased... (4) 
The nitrogen content of the above-ground parts of legumes, 
although more variable than that of roots, was also usually 
greater especially on the station soil... (6) The results of 
analyses indicate that the nitrogen of leguminous plants is 
gained through atmospheric assimilation and not from the 
soil.” Address: Asst. Chemist, Honolulu, Hawaii.

494. Etheridge, W.C. 1917. The way to grow soybeans. 
Missouri Agricultural College, Extension Circular No. 20. 4 
p. May.
• Summary: Contents: Introduction. Soil requirements. Soil 
preparation. Fertilizer. Inoculation. The way to plant. Don’t 
plant too early. Don’t plant too deep. Quantity of seed to 
plant. Cultivation. Harvesting. Good varieties.
 “The soybean has become an important crop in 
Missouri. It is one of the best forage plants among the 
legumes and it exceeds any of the legumes in yield of seed.” 
Address: Columbia, Missouri.

495. Hills, J.L. 1917. Concerning alfalfa and soy beans. 
Vermont Agricultural Experiment Station, Bulletin No. 204. 
p. 40-72. May. See p. 63-72.
• Summary: Contents of the section titled “Soy beans” (p. 
63-72): Introduction (and varieties). Culture and planting: 
Inoculation, as seed and grain, as a soiling crop, as a hay 
crop, as pasturage, soy beans and corn, as silage, as grain. 
Vermont trials with alfalfa and soy beans.
 “Only the early varieties should be considered for use 
here, such as the Early Yellow, Early Brown, Medium Black 
and Medium Green, maturing in 75 to 100 days.”
 Soy beans were grown successfully in various Vermont 
counties as follows (p. 68-72): (1) In Bennington County, 
Nov. 1916, as a forage plant for dairy cattle. (2) Franklin 
County, March 1916. Ten demonstrations were completed. 
Yields: About ten tons per acre green feed when planted 
alone; where planted with corn, about the same as corn alone. 
The Medium Green variety gave by far the best results, with 
Ito San second, and Mammoth Yellow third. How to plant: 
With corn most satisfactory. Use three to four quarts of beans 
with six to eight quarts of corn. Mix and plant with planter. 
Put in silo or feed green or in hay. (3) Orange County, March 
1917. “About thirty farmers grew soy beans in 1916. The 
results were good enough to warrant further trial. Twenty 
reported growing soys in 1915 and 52 intend to grow them in 
1917.” The Medium Green and Mammoth Yellow varieties 
were used. (4) Washington County, Sept. 1916. “Twelve 
successful demonstrations of soy beans and corn grown 
together have been planted, totalling somewhat over 180 
acres. The main reasons why this makes a good crop for 
dairy farms are the actual increases in the protein content 
of the silage and in the nitrogen content of the soil removed 
from the roots of the bean plant.
 “The results of growing soy beans are very noticeable 
on the succeeding crop, because of the nitrogen which their 
roots leave.” (5) Windham County, Dec. 1916. Variety test. 
The following were tested–arranged in descending order of 
yields of dry matter per acre: Jet (28,750 lb/acre of green 
fodder and 7,107 lb/acre of dry matter), Mongol, Medium 
Green, Ohio 9035, Chestnut, Royal, Early Brown, Mikado, 
Select Sable [probably Wing’s Extra Select Sable], Wilson, 
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Mammoth Yellow, Ito San. (6) Windsor County, Nov. 1916. 
“Nearly 200 acres of soy beans were planted (by 35 farmers) 
either with corn or alone. Practically every farmer who grew 
the crop in 1916 expects to grow it in 1917.” Soy beans 
planted with corn have been gathered by the corn harvester 
without diffi culty. Stock like soy beans.
 The late Joe Wing, “the Ohio Alfalfa king,” is discussed 
on p. 58 of this Bulletin. The variety “Select Sable” 
mentioned above is probably “Wing’s Extra Select Sable,” 
since we can fi nd no other mention of a variety named 
simply “Select Sable.” Address: Burlington, Vermont.

496. Schmitz, Nickolas; MacDonald, Pearl. 1917. Soybeans. 
The soybean as human food. Pennsylvania State College, 
School of Agriculture and Experiment Station, Extension 
Circular No. 59. 16 p. May. [4 ref]
• Summary: This circular, titled “Soybeans,” has two parts. 
Part 1 is titled “Soybeans” by Nickolas Schmitz (p. 2-15). 
Contents: Introduction. Place of soybeans in Pennsylvania 
agriculture. Soybean culture: Soil and climatic requirements, 
preparing the seedbed, time of planting, depth of planting, 
rate of planting, planting for hay, for silage with corn, 
for seed, cultivation. Inoculation: Glue method, bacterial 
cultures. Fertilizer. Lime. Time of harvesting: For hay, for 
seed, for silage, methods of harvesting. Threshing. Soybeans 
for increasing soil fertility. Varieties. Uses of soybeans as 
animal food: Soybean hay, as a concentrate for dairy cows, 
as a concentrate for hogs, as hog pasture, for silage. Photos 
show: (1) Soybean roots with nodules (front cover). (2) A 
man standing in a fi eld of soybeans grown on poor soil (p. 
5). (3) A fi eld of soybeans planted with corn for silage (p. 8). 
(4) A man standing a fi eld of soybeans planted in rows for 
seed (p. 13). (5) Men standing in a fi eld of soybeans planted 
broadcast for hay (p. 14).
 Part II, titled “The soybean as human food” by 
MacDonald (p. 15-16), discusses their nutritional value and 
food uses, including the use of baking soda. “To get rid of 
the peculiar fl avor characteristics of soybeans, they should 
be soaked for several hours (the water changed two or three 
times) in cold water for the fi rst and hot water for the second 
and third soakings.
 “After a suffi cient soaking, put the beans in a greased 
casserole or baking dish, and season with salt and pepper. 
Add a 2-inch cube of fat salt pork for fl avor, and water 
almost to the height of the beans. Cover and bake in a slow 
oven until soft. A little bit of baking soda may be added as 
with ordinary beans if desired.
 “Or, the soaked beans may be stewed until tender, 
pressed through a strainer, and the pulp combined with white 
sauce to make a soybean soup.”

497. Williams, C.G. 1917. The soybean crop: Methods of 
culture for this newer legume in Ohio. Ohio Agricultural 
Experiment Station, Monthly Bulletin 2(5):139-41. May. 

Adapted from Ohio Agric. Exp. Station, Bulletin No. 312, 
“Soybeans: Their Culture and Use.”
• Summary: Contents: Importance in Ohio agriculture. 
Soil requirements: Soils adapted to soybeans, fertilizers, 
inoculation. Seeding and cultivating: Seed bed, time of 
seeding, manner of seeding, depth of seeding, rate of 
seeding, cultivation, varieties.
 “Soybeans occupy an important place in Ohio 
agriculture. Approximately 5,000 acres are now devoted 
to this annual legume, the largest acreage being reported 
from Gallia County. Williams County... produces the largest 
quantity of seed...”
 “At the Wooster farm tests have been conducted for 5 
years with 10 varieties of soybeans in the production of hay.” 
A photo shows a fi eld of Medium Green soybeans on the 
farm of the Ohio Agricultural Station. Address: Ohio.

498. Harper, W. 1917. It’s not too late to plant soys: The 
South needs them to feed men, animals and the soil. Country 
Gentleman 82(22):957. June 2.
• Summary: “’In addition to its uses for fl our, the soy bean 
can be prepared as human food in numerous ways,’ say 
experts in the Department of Agriculture. ‘The green bean, 
when from three-fourths to full grown, has been found to 
compare favorably with the butter or lima bean. The dried 
beans may be used in the same way as the fi eld or navy bean 
in baking or in soups. When prepared in these ways the dried 
beans require a somewhat longer soaking and cooking.
 “’Roasted and prepared, the soy bean makes an excellent 
substitute for coffee. In Asia the dried beans, especially the 
green-seeded varieties, are soaked in salt water and then 
roasted, this product being eaten after the manner of salted 
peanuts.’”
 A photo shows the roots of a soybean plant, with 
nodules. Note: This is the earliest English-language 
document seen (Sept. 2006) with the word “soys” in the title.

499. Jordan, Samuel M. 1917. Sam Jordan’s corn talk. 
Missouri State Board of Agriculture, Monthly Bulletin 
15(6):5-28. June. See p. 20-28.
• Summary: In the section titled “Soybeans–40 Questions 
and Answers”, the author discusses the history of, methods 
of planting and cultivating, and uses for the soybean. Photos 
show: A fi eld of soybeans grown in rows 30 inches apart. A 
well inoculated soybean plant root with many large nodules. 
Address: Farmers’ Inst. Lecturer, Missouri State Board of 
Agriculture, Columbia, Missouri.

500. Hartford Courant (Connecticut). 1917. The case of the 
soy bean. July 21. p. 10.
• Summary: That the soy bean “will become forthwith an 
article of food for New England folk is very unlikely even 
though the National Emergency Food Garden Commission is 
now urging the public to can the beans.
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 “The strange campaign for the introduction of this new 
article of diet has moved W.P. Brooks of the Massachusetts 
Agricultural Experiment Station to publish a fairly 
conclusive statement upon the matter. He says the advocates 
of the soy bean say something like this about it: -
 “’The soy bean is a very rich food; it can be successfully 
grown in Massachusetts and will give a large yield; it is 
palatable prepared and served in similar ways to those 
employed in the cooking of ordinary fi eld and garden beans. 
The last statement is, I believe, absolutely incorrect, and the 
others require qualifi cation. The fact that I have had unusual 
opportunities of observation and experience with this crop 
leads me to ask space for this article since I hope it may be 
the means of preventing discouragement and disappointment. 
I lived for twelve years in Japan. In that country the soy 
bean has for many hundreds of years been an important crop. 
The Japanese made practically no use of it as a vegetable 
prepared by ordinary methods of cooking. They are very 
largely vegetarians, and if it were adapted to such use there 
can be no doubt they would so employ it.’
 “Then Mr. Brooks goes on to say that since coming 
to this country he has tried baking the soy bean and the 
members of his family were a unit in agreeing that it was 
nowhere near as desirable as the native varieties. He had 
roasted and ground the bean and used it as a substitute for 
coffee and found it a trifl e less worse than when baked.
 “He says that the bean is rich in protein and fat but 
he adds that it is much too rich to be palatable. While the 
Japanese do not use it as a cooked food they contrive to 
make a cheese [tofu] of it, but this they do not prepare in the 
family but buy it of manufacturers. They also use the bean 
in preparing a sauce [soy sauce] and make extensive use of 
it as a food for cattle. Finally he says that while he does not 
wish to discourage experiments he does not think it will be 
regarded as useful as an article of food.
 “The most productive varieties, he says, are not likely to 
mature in Massachusetts but several varieties will generally 
produce a crop. They need, he says, a season a little longer 
than the larger sorts of fi eld corn and they will produce from 
twenty to twenty-fi ve bushels to the acre. Do Connecticut 
people care to raise soy beans with this outlook, especially 
when it is considered desirable to inoculate the soil with a 
certain bacteria before attempting to get a crop?”

501. Burrill, Thomas J.; Hansen, Roy. 1917. Is symbiosis 
possible between legume bacteria and non-legume plants? 
Illinois Agricultural Experiment Station, Bulletin No. 202. p. 
111-81. July. [440* ref]
• Summary: “Introduction: The work reported in this bulletin 
deals with an attempt to develop a symbiosis between 
legume bacteria and non-legume plants similar to that which 
exists between legume bacteria (Pseudomonas radicicola) 
and legume plants.” Note 1. This attempt failed.
 “Since the demonstration, in 1886, by Hellriegel and 

Wilfarth of the symbiotic fi xation of atmospheric nitrogen 
by legume plants and certain microorganisms, no crop 
rotation has been considered rational that does not include 
a liberal use of legumes. The importance of this discovery 
to agriculture is generally appreciated. That it is applicable 
thruout the world makes it of especial value to mankind.”
 Numerous tests made with the bacteria isolated from 
cowpea, soybean, Japan clover, and other plants show clearly 
and invariably monotrichnic fl agellation. Therefore the 
designation Pseudomonas radicicola was restored.
 By an extensive series of cross-inoculations, the 
researchers demonstrated eleven groups of legume bacteria. 
When arranged according to cultural characters, all the 
cultures in the eleven could be placed in only three groups.
 The soybean is mentioned (in passing) on pages 119, 
123, 125, 134-35, 137, 154.
 Among the 17 photos, no. 5 (p. 124) shows 
Pseudomonas radicicola, with polar fl agellum, on peanut 
(B), hog peanut (Amphicarpa monoica), and soybean.
 Note 2. At the end of this article are two long 
bibliographies, each with the publications listed 
chronologically. (1) Symbiotic nitrogen fi xation by legumes 
(1687-1916; p. 161-78); (2) Non-legume root nodules (1860-
1915; p. 179-80).
 Note 3. The Foreword, by E. Davenport, Director of 
the Station, begins: “This bulletin reports the last work of 
Thomas Jonathan Burrill, who in 1880, thru studies of pear 
blight, fi rst experimentally proved the fact that plant diseases 
are sometimes caused by bacterial invasion.” It goes on to 
tell how, after retirement, he devoted the last three years of 
his life to this work, until his death on 14 April 1916, before 
the work was fi nished. His assistant faithfully wrote up his 
results. Address: 1. Prof. of Botany, Emeritus; 2. Asst. in 
Nitrogen-Fixation Research.

502. Good Health (Battle Creek, Michigan). 1917. The soy 
bean. 52(8):370-71. Aug.
• Summary: “You may hear the up-to-date farmer talk a 
great deal about soy beans. Usually his interest in the soy 
bean is confi ned to its nitrogen fi xing properties, which thus 
make it a valuable factor in building up worn out soils, and 
also for feeding purposes.
 “When the same farmer, and the rest of us become still 
more up-to-date, our chief interest in the bean will have to do 
with its importance as a human food. So great an authority 
on dietetics as Dr. Arnold Lorand calls it the most valuable 
plant known of, for it not only contains the albumin and 
carbohydrates found in leguminous vegetables and cereals, 
but also a large amount of fats.
 “Albumin: The albumin content of the soy bean is 
from 27 to 33 per cent, according to the variety and the 
soil in which it grows. It contains from 10 to 35 per cent of 
carbohydrates, and from 17 to 22 per cent of fat. This is a 
combination found in no other plant and its nutritive value 
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surpasses that of the most nutritious animal ‘foods. In fact, 
it plays much the same role as milk, because it contains all 
three of the principal food groups and even exceeds milk in 
its wealth of nutritive substances.
 “Balancing the Ration: The high percentage of protein 
contained in the soy bean explains, in part at least, the 
remarkable vigor and endurance which the Japanese are able 
to maintain on a diet chiefl y of rice, in which starch, or the 
energy-producing element, is the predominant element, for 
it serves to balance their ration. It should remove, too, the 
objection to vegetarianism most frequently raised–that a non-
meat diet does not give the system enough nitrogen.
 “And there is this to say for the nitrogen eaten in this 
form–it is well assimilated. In one experiment, for instance, 
of twelve grams of nitrogen fed to the subject, only one-
tenth of a gram was recovered in the body excretions. One 
authority on questions pertaining to diet says that ninety per 
cent of the protein is in a digestible form, with the fats and 
starches equally available for use by the body.
 “The Plant: The bean itself is a true legume, growing on 
a bushy plant about three feet in height.
 “The plant is characterized by hairy stems with hairy, 
trifoliate leaves. The fl owers are modest affairs of pale lilac 
or violet hue, while the seed pods, containing two to fi ve 
beans, are also covered with rather stiff reddish hairs. The 
several varieties differ in color–being white, yellow, green, 
brown or black–just as they differ in their period of maturity 
and the hairiness of the several parts of the plant.
 “The Japanese and Chinese have used the soy bean in a 
wide variety of ways, but these dishes usually do not appeal 
to the palate of the occidental. However, a few dishes have 
been evolved that not only are pleasing, but that add variety 
to the diet. Here are some of them:
 Some Soy Recipes: Soy bean fl our, one and a half 
cups; salt, one-half teaspoonful. Mix well and add two 
tablespoonfuls of cream which has been fi rst thoroughly 
stirred into a cup of cold water. Add two eggs and beat 
together. Bake for fi fteen minutes in a heated gem pan.
 “For a rather simpler muffi n, beat up three eggs, add 
one cupful of milk, a lump of butter the size of an egg, and 
sweeten to taste. To this add enough of the bean fl our to 
make a batter.
 A gruel may be made by boiling six ounces of the soy 
meal in one quart of water for fi fteen minutes, salting to 
taste. Since the meal contains little starch, the gruels do not 
thicken. To overcome this, add two teaspoonfuls of barley or 
wheat fl our before cooking.
 “These dishes, owing to the small amount of 
carbohydrate material which they contain, are of special 
value to persons who are diabetically inclined. Their use 
does not end here, however. Many people have a leaning 
toward vegetarianism, but fear to drop meat on account of 
the protein which it adds to their diet. For these people soy 
beans should be welcomed as a protein supply quite equal to 

meat foods.”

503. Cooper, Morton O.; Spillman, W.J. 1917. Human food 
from an acre of staple farm products. Farmers’ Bulletin 
(USDA) No. 877. 11 p. Oct. See p. 4, 7.
• Summary: Table 1 (p. 4) is “A comparison of the food 
produced annually by an acre of land when utilized in the 
production of various food crops and live-stock products.” 
For each crop or product is given: Yield per acre, calories per 
pound, pounds of protein per acre (digestible), and calories 
per acre.
 Food crops produce much more protein and calories 
per acre than dairy products or meat. One acre of soy 
beans (yielding only 16 bushels!) produces 294.7 pounds 
of digestible protein (almost twice as much protein as any 
other crop or product; common beans are #2 with 157.9 lb 
and corn produces 147.0 lb), and 1,534,000 calories (only 
about 50% as much as corn, the top calorie producer with 
3,124,240). By comparison, one acre can produce from 
beef (meat) only 18.5 lb of digestible protein and 130,000 
calories. From pork, one acre can produced 22.7 lb or protein 
and 672,945 calories. Of the various animal products, milk 
makes the most effi cient use of the land. One acre can 
produce 72.3 pounds of protein and 711,750 calories in the 
form of milk.
 In the section titled “Food value of crops” is a 
subsection for each crop. The soy bean (p. 7-8) “leads all 
other crops in the production of digestible protein, exceeding 
corn in this respect by almost exactly 100 per cent. This 
crop deserves more attention in this country than it has yet 
received. There is no reasonable possibility of overplanting 
it. Soy-bean meal, the residue after the oil is expressed, 
can be mixed with wheat fl our to the extent of 30 per cent 
without detriment to the palatability of the product, though 
the effect of such bread on the digestive tract is not yet 
known. Dry soy beans now are being used in considerable 
quantity as a substitute for navy beans in canneries with 
excellent results. In addition, the soy bean is an excellent 
forage crop for cattle and hogs. Its use for this purpose 
greatly reduces the necessity for the use of grain and mill 
products in feeding these animals. The soy bean is a legume 
recently introduced to this country. It requires inoculation 
when grown on land new to it. Many farmers have failed 
in their fi rst attempts to grow this crop because they have 
overlooked this point... Soy beans, by using suitable varieties 
for seed, can be grown from southern Michigan to the Gulf 
coast. The Department of Agriculture will furnish free on 
application full instructions concerning the culture and 
management of soy beans. (Farmers’ Bulletin No. 372.)”
 This section also discusses the peanut, oats, the navy 
bean, cowpeas, and buckwheat.

504. Morison, A.T. 1917. Soy succotash for hogs: This 
combination proved very successful in Indiana. Country 
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Gentleman 82(47):1846. Nov. 24.
• Summary: Discusses methods used by Fayette County, 
Indiana, farmers in growing soy beans as a supplement to 
corn for hogs, and the results obtained. “Fayette County 
farmers are learning the need of protein to go along with 
bushels of yellow ears in developing eighteen-dollar hogs. 
Protein will pay with hogs at any price... They are coming 
to realize that, while corn makes bulk, the hogs must have 
tankage or some other muscle developer to support the fat 
produced. They have no skim milk, and up to this year most 
of them have depended upon clover pasture and tankage for 
nitrogen. Last spring, however, the soy-bean proposition 
was put to them, and more than a hundred decided to try the 
crop... The planting was a new proposition to nearly every 
farmer... Inoculation was the fi rst question.”
 “With legume seeds as large as the soy bean, the glue 
method is the simplest. By this procedure the beans are 
dampened with water in which glue has been dissolved–four 
ounces of glue to a gallon of water. While the beans are 
moist they are sprinkled with soil from a fi eld where soy 
beans have been successfully grown the year before. The 
glue causes the soil, rich in bacteria, to stick to the beans. 
They are then dried, care being taken that they do not get 
direct sunlight, and are ready to plant.” Some farmers treated 
their seed with commercial cultures. “The latter are perfectly 
satisfactory, if fresh, but are more expensive than glue and 
soil.”
 To plant their soy beans, most farmers “mixed the 
seed with fertilizer and let it run out at the same time as the 
corn... Soys should not be put deeper than one inch in the 
ground... Each farmer seeded from three to fi ve acres of 
this soy succotash, putting it in a fi eld near his hog pasture. 
Hollybrook was practically the only variety used... The beans 
and corn came up together.”
 “This season’s crop proved to the doubters that soy 
beans, planted with reason, will not cut the yield of the corn 
in which they are grown... Sown at the rate of one bushel to 
eight acres, there is no danger of corn injury.” This rate gives 
more than one soy bean plant to every stalk of corn, “and that 
is plenty thick enough for hogging down.” “By the fi rst of 
September the fi elds were ready to hog down and the spring 
shotes were turned in.” They ate everything but the corn 
stalks. “Five acres of corn and soys will accommodate more 
than 100 shotes for more than a month and will add fully 
sixty pounds to their individual weights.” The author predicts 
“a big increase in soy-bean acreage in Fayette County next 
year.” A photo shows a man standing in a fi eld of soy beans.

505. Fuerstenberg, Maurice. 1917. Die Soja: 
eine Kulturpfl anze der Zukunft und ihre 
Verwertungsmoeglichkeiten [The soybean: a cultivated plant 
of the future, and possibilities for its utilization]. Berlin: Paul 
Parey. 40 p. Illust. No index. 21 cm. [59 ref. Ger]
• Summary: Dedicated to Prof. Friedrich Haberlandt, 

who introduced the soybean to Central Europe. Contents: 
Foreword. Introduction: The soybean. Ways of using the 
soybean in its homeland (East Asia, especially Japan and 
China). Shoyu or soy-sauce. Miso (vegetable cheese). Natto. 
Tofu of the Japanese or Tao-hu of the Chinese (bean cheese). 
The soybean as an oilseed. Soybean meal (and fl our). Soy 
as a coffee substitute or extender. Soybean milk. Soy meat 
substitutes. Soybeans as a chocolate substitute. Soy rubber 
substitute. The utilization of the soybean in agriculture: As 
cow fodder. Summary. Bibliography.
 Photos show: (1) A fi eld of soybeans (p. 6). (2) A 
soybean plant with the leaves removed to show the pods 
(p. 12). (3) Soy beans and pods from inoculated and 
uninoculated plants (p. 13).

 Contains numerous tables, most without captions and 
mostly from other sources–See pages 11, 16-17, 19, 25, 
27, 30, 35-37. Contains one of the most extensive early 
European bibliographies on the soybean; unfortunately this 
bibliography contains quite a few errors and incomplete 
citations.
 Foreword: The author wrote this book during World War 
I. In his fi rst book, published one year earlier in 1916 and 
titled “The Introduction of Soya, a Revolution in the Food 
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of the People,” he discussed what he believed to be the great 
agricultural and nutritional value of the soybean. He uses two 
terms, Die Soja and Die Sojabohnen to refer to soybeans. He 
concludes the Foreword with these words:
 In all areas, preparations are already being made for the 
transition to the peacetime economy. It would be desired 
that with these preparations, which are just as necessary in 
the area of agriculture as in that of industry and trade, the 
introduction of soy in the interest of general nutrition would 
fi nd attention that corresponds to its importance. May this 
publication contribute to this.
 Chapter 1 (p. 5-7): In 1908 England started to import 
large quantities of soybeans; in 1909 these increased 
to 400,000 tonnes and in 1910 to 800,000 tons. Also in 
Germany, in the years just before World War I, imports 
of soybeans climbed in an unexpected way, reaching 
43,500 tonnes in 1910, 90,600 tonnes in 1911 and 125,200 
tonnes in 1912. Note: These units are given in dz. One dz 
(doppelzentner) = 100 kg.
 The fi rst manufacture of soyfoods in Europe took place 
in France, at Valees near Asnieres, where they made fl our, 
bread, cakes, cheese [tofu], and soymilk (Mehl, Brot, Kuchen 
und Käse, vegetabilischer Milch)–though only in small 
quantities and, above all, for diabetics. In England, soy fl our 
has been used for a long time in the preparation of cakes (p. 
5-6).
 However it was in Germany that the utilization of 
soybeans for food took place on a large scale; this began 
shortly before the war. The supply of foods to Germany was 
almost completely cut off during the war, so general attention 
soon turned to the new foods prepared from soybeans and 
people quickly became aware of their great nutritional value. 
Thus, in the middle of the war, a soybean industry was 
built in Germany. Unfortunately this youngest twig of the 
food industry was left crippled due to lack of raw materials. 
However one can predict that this industry has a bright 
future because of the great encouragement given to these 
products in so short a time. For example, in October 1914 
the Agumawerke (Aguma Works) located in Harburg (near 
Hamburg) on the Elbe, fi rst began mass production of a soy 
fl our according to its own process. During the next few years 
it made many thousands of tonnes of this meal, until the 
production had to be stopped for lack of raw materials (p. 6).
 Equally gigantic sales of soy products were made by the 
Soyamawerke (Soyama Works) in Frankfurt am Main; this 
company made only soy food products. In addition to a meal 
(fl our), it also produced a meat substitute (Fleischersatz), 
and, largely from soybeans, fresh and dried milk (Frisch- 
und Trockenmilch) as well as a fresh and dried cream 
preparation (ein Frisch- und Trockenrahm-Präparat). 
Likewise, this fi rm had to cease production of most of its 
soy products because of diffi culties in soybean procurement, 
and concentrate only on the production of meat substitutes 
(Fleischersatz). These articles likewise entered all classes of 

the population splendidly as is seen from the large demand 
for them. Within 3-4 weeks this fi rm had orders for more 
than 1½ million pound cans, of which unfortunately it was 
able to satisfy only a small part. In addition to these two 
well-known fi rms, there are in Germany still a number others 
that are occupied with the production of foods from the 
soybean.
 In Austria [the Austro-Hungarian empire], there exists 
a unique fi rm, the food factory Santosa in Prague [in the 
Czech Republic as of March 2015], which is still processing 
soybeans. They introduced soy coffee into commerce. I 
understand that in Austria a large-scale soy processing 
venture is now being planned.
 Certainly the soy processing industry fi nds itself in a 
beginning state and, like all young industries, in need of 
improvement. Remember the sugar-beet industry was also 
once young but it made improvements and went on to great 
success, as will be expected of this new twig on the food 
industry. In any case, the beginning of utilization of the 
soybean as food for the people has been made, and in the 
foreseeable future the soybean may, as in China and Japan, 
become an indispensable part of our people’s food.
 It is different with the introduction of the soybean as a 
cultivated plant in Central Europe. Forty years ago Friedrich 
Haberlandt showed (and after him countless others have 
shown) that the soybean grows well in Central Europe. 
Although additional new tests verify this, there are still those 
who object to soybean culture. One objection is the long time 
required by the soybean to come to maturity; the answer is 
the development of new varieties. Another is the relatively 
low yield compared with other beans; the answer lies in the 
use of inoculation. The author then discusses nutrient yield 
per acre and per unit of money, showing both to be high for 
soybeans.
 Pages 10-11: It is well know that legumes possess the 
ability to transform and fi x free nitrogen from the air. In 
1886 Prof. Hellriegel discovered that this capability is due 
to certain bacteria that live in the soil and move through the 
root hairs into the root, where they cause nodule formation. 
The nitrogen-fi xing bacteria living in the nodules nourish the 
plant. The author then talks about inoculation using either 
soil from a previous planting or “Nitragin,” a pure culture 
of root bacteria, which is well known and has recently been 
improved. Dr. Kuehn of Berlin-Grunewald showed that 
soil inoculated with Nitragin gave a 3- to 4-fold increase 
in yield, plus an increase in protein in the roots and leaves. 
He then discusses improved cultural practices. Winkler says 
that transplanting improves yields. Continued. Address: 
Frohnleiten, Steiermark [Austria].

506. Hill, C.E. 1917. Report of the forage crop investigations 
on the eastern Oregon dry-farming substation, Moro, 
Oregon. Moro, Oregon. See p. 42-44.
• Summary: The section titled “Soy beans: Varietal test” 
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states: “Soy beans were tested at the Moro Station for the 
fi rst time in 1917. Seed of four varieties–Black Eyebrow, 
Ito San, Early Green and Manchu was received from Mr. 
[William] Morse of the [USDA] Offi ce of Forage Crop 
Investigations and planted in summer fallow in rows three 
feet part. Two rows 8 rods long were seeded to each variety 
on May 19th.
 “All varieties but Early Green emerged with very 
fi rm stands. The plants averaged about 4 inches apart in 
the rows... Soil was secured from land on the experiment 
station farm at Corvallis which had grown soy beans and 
was drilled along the rows after seeding. The plants were 
examined during the season but none having nodules were 
found. The failure in securing nodules may be due to the fact 
that after the inoculated soil was drilled into dry ground, no 
rains occurred during the summer months. The varieties were 
given three cultivations and some hoeing.
 “All varieties but Early Green were harvested when the 
leaves were dry and falling... As all varieties but Manchu 
were damaged more or less by rabbits, it was not deemed 
advisable to take the total yield of the two rows seeded to 
each variety in determining the varietal yields.”
 The yields of the different varieties were as follows: 
Early green 11.4 bu/acre, Ito San 10.5, Manchu 10.5, Black 
Eyebrow 7.8. Address: Scientifi c Asst.

507. Lipman, Jacob G.; Blair, Augustine W. 1917. Report 
of the Department of Soil Chemistry and Bacteriology. New 
Jersey State Agricultural Experiment Station, Annual Report 
37:367-97. For the year ending Oct. 31, 1916. See p. 393-97.
• Summary: Section V, titled “Infl uence of lime upon the 
growth and nitrogen content of soybeans (vines and roots)” 
(p. 393-95) states that soybeans grown on soil which has 
been limed contain more nitrogen in both the tops of the 
plants (above ground) and in the roots with nodules. “To the 
farmer who grows leguminous green manure crops–and no 
one should undertake to farm without such crops–the use of 
lime on soils which are defi cient in this material is doubly 
commended; fi rst, for the increase in the quantity of that 
crop, and second, for the higher feeding value which the crop 
thus grown possesses.”
 Section VI, titled “The protein content of soybeans as 
infl uenced by associative growth with a non-legume” (p. 
395-97) states: “The average percentage of nitrogen in the 
dry matter of the legume [soybeans] grown in association 
with the non-legume is slightly higher than the average in 
the dry matter of those grown alone.” Address: 1. Ph.D., Soil 
Chemist and Bacteriologist; 2. A.M., Assoc. Soil Chemist 
[New Brunswick, New Jersey].

508. Robbins, Wilfred W. 1917. The botany of crop plants: 
a text and reference book. Philadelphia, Pennsylvania: P. 
Blakiston’s Son & Co. xix + 681 p. Illust. Index. 20 cm. 
[300+* ref]

• Summary: The soy bean is discussed on pages 455-58.
 “Soja (Soy Bean): Generic Description.–The soy beans 
are prostrate or erect herbs with pinnately three-, rarely fi ve- 
or seven-, foliate leaves. The fl owers are in short axillary 
racemes, and are purple or whitish. The pods are linear or 
falcate, and two-valved. The seeds are globular and pea-like.
 “There are between 15 and 20 species of Soja, natives of 
tropical Asia, Africa, and Australia. There is only one species 
of any economic importance. This is Soja max.
 “Soja Max (Soy Bean, Soja Bean, Coffee Bean): 
Description. This is an erect, bushy appearing, hairy annual, 
varying from 1½ to 6 feet in height (Fig. 192). Unlike the 
cowpea, it has a defi nite growth, that is, reaches a certain size 
and matures its seed. All the pods of the soy bean mature at 
one time. In the cowpea, new pods are formed as long as the 
plant lives. The tap root is short and strong. The leaves are 
trifoliate. Usually they have withered and fallen by the time 
the pods are mature, but in some varieties remain green and 
stay on the plant for sometime after the pods mature. The 
fl owers are borne in axillary clusters; they are small, and 
either white or purple in color. The fl owers are self-pollinated 
as a rule, and are completely self-fertile. Occasional cross-
fertilization occurs in the fi eld when varieties are planted 
very close together. The pods are from 1 to 2½ inches long, 
yellowish or brown, and covered with short bristly hairs. As 
many as 300 to 400 pods have been found on one plant, and 
each pod usually contains two or three seeds. In fact, the soy 
bean is the greatest seed producer of any legume grown in 
temperate climates. The seeds vary greatly in color; there 
are shades of cream, white, yellow, green, brown, and black; 
they also vary in shape from globose to elliptical. Under the 
most favorable conditions, soy bean seeds do not retain their 
viability for more than fi ve or six years.

“Soja max is a native of China and Japan, The cultivated 
varieties are adapted to the warmer sections of the United 
States; they are intolerant of cool nights. However, there are 
several very early maturing varieties which may be grown in 
the northern tier of States. The soy bean will grow in moist 
climates, and also manifests drought-resistant propensities. 
The plant is grown on a variety of soil types, and will even 
produce a fair crop on poor soils of a sandy nature.
 “Uses.–The soy bean is the most important legume in 
Asiatic countries, and is becoming of increasing value in the 
United States. The chief product of the bean is the oil which 
is expressed from the seeds. It is used in the manufacture 
of soaps, lubricants, water-proof goods, linoleum, rubber 
substitutes and printing ink; also in the preparation of 
varnishes and paints, as a substitute for linseed oil. After the 
oil is expressed from the seed, the ‘cake,’ either unground 
or ground into a meal, is used as stock feed or as a fertilizer. 
Soy-bean meal is of considerable value as human food. 
Soy-bean fl our is an important constituent in many food 
specialties such as diabetic breads, crackers and biscuits. 
Soy-bean fl our is very low in carbohydrates, that made from 
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soy-bean cake having a carbohydrate content of 33.85 per 
cent. (1) as compared with 75.35 per cent. in wheat fl our. 
The protein content of fl our made from soybean cake is 
given as 47.3 per cent., whereas that of wheat fl our is but 11 
per cent. Soy beans are also utilized to make a so-called soy-
bean milk, which is valued for cooking purposes by bakers, 
confectioners and chocolate manufacturers. The seeds of 
soy beans are sometimes used as a substitute for coffee. 
Soy-bean hay has a comparatively high feeding value. It is 
recommended as a pasture for hogs. The plant is recognized 
as a valuable soiling and ensilage crop. Nitrogen-fi xing 
bacterial nodules occur on the roots of the soy bean.”
 References are at the end of each chapter. Address: PhD, 
Prof. of Botany, Colorado Agricultural College.

509. Oathout, C.H.; Meharry, C.L. 1917? Some facts 
concerning soy beans (Card). Tolono, Illinois.
• Summary: This post card (5½ by 3¼ inches) has 11 facts 
about (advantages of) soy beans printed on one side, under 
the bold title. For example: “1. Like clover, they are nitrogen 
gatherers, thus supplying the soil with a needed element of 
plant food. 2. They grow on the poorest soils where alfalfa 
fails. 3. They are sown between corn planting and plowing, 
and are not ready to harvest until after threshing (two slack 
times on the farm).
 Near the bottom is large bold print we read: “Fine 
Medium Yellow Soy Beans–$2.00–Per Bushel.” The price is 
written in by hand. “f.o.b., Tolono, Illinois. Two bushel grain 
sacks extra unless 50 bushels or more are ordered. When 
requested we will send you enough infected soil to inoculate 
your soil. Free with your order.
 “For sale by: C.H. Oathout (Tolono, Illinois) or C.L. 
Meharry (Attica, Indiana).
 This card is addressed to Dr. L.H. Smith, Agr. Exp. Sta., 
Urbana, Illinois. The date appears to be 1917. There is a one-
cent stamp in the upper right corner. Meharry and Outhout 
had known each other since at least 1908 when they were 
both students of agriculture at the University of Illinois.
 Note: This is the earliest post card (or card) seen (Oct. 
2001) that mentions soy. Address: 1. Tolono, Illinois; 2. 
Attica, Indiana.

510. Progressive Farmer (The) (Raleigh, North Carolina). 
1918. Three great forage crops–How to grow them: How to 
grow soy beans. 33(7):213. Feb. 16.
• Summary: Discusses: Soils, fertilizers, preparation, 
inoculation, varieties (Mammoth, Hollybrook, Ito San, 
Virginia, and Haberlandt), methods and time of planting, 
cultivation, as seed crop, as grazing crop, as a hay crop.

511. Franklin County Farmers’ Bulletin (Massachusetts). 
1918. Soil fertility and crop improvement: Project No. 6. 
3(8):5-6. Feb.
• Summary: “Fifteen demonstrations of growing soy beans 

with ensilage corn were conducted. Nitrogen gathering 
bacteria cultures were furnished each of these, but there 
were no benefi cial results to be noticed from their use. It is 
probable that the cultures were not active. In one instance 
the germination of the seed was injured by the treatment. 
Too late a variety was used in many cases, and where a fair 
yield of vines was secured the beans did not mature enough 
to make the best yield of nutriment. We hope to repeat these 
demonstrations next year with more satisfactory results. With 
comparatively little labor the soy beans add very materially 
to the food value of a crop of ensilage, and reduce the 
amount of grain necessary to be fed.”

512. Cauthen, E.F. 1918. Re: Is the Department still 
furnishing inoculating material for soy beans? Letter to Mr. 
W.J. Morse, Scientifi c Assistant, Bureau of Plant Industry, 
Dep. of Agriculture, Washington, DC, March 22. 1 p. Typed, 
with signature on letterhead.
• Summary: “Dear Prof. [sic] Morse: I would like to know if 
the Department is still furnishing inoculating material for soy 
beans. We are preparing a bulletin on this crop, and I wish 
to make a statement that free culture can be secured from 
the Department, provided the Department is still giving the 
farmers this culture. If there are any conditions on which it is 
given, I shall be glad to know them also.
 “Yours very truly, Associate Agriculturist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence with State 
Agricultural Experiment Stations, 1899-1928. Alabama. Box 
no. 1.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Associate Agriculturist & 
Recorder, Agricultural Department, Experiment Station, 
Alabama Polytechnic Inst., Auburn, Alabama.

513. Farver, Warner E. 1918. Soy beans no harm to corn. 
National Stockman and Farmer 42(3):72. April 13.
• Summary: Concludes that planting soy beans (also called 
“soys”) with corn does not reduce the yield of corn nor 
injure the corn. The seeds of soy beans and corn should 
never be mixed together when planting; plant about a gallon 
of soy beans per acre. If the beans are mixed with fertilizer, 
there is some risk of the fertilizer killing the inoculating 
bacteria. “We keep the newly-plowed ground worked with 
the roller as rapidly as it is plowed. When the soys and corn 
are planted we aim to cultivate them, so that the moisture 
is conserved, fi rst cultivating rather deep, and the last 
cultivations very shallow. This system of conservation of 
moisture is the main thing in growing a combination of soy 
beans and corn.”
 The only trouble with weeds was with foxtail, and this 
was caused by wet weather. The secret to keeping weeds 
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down is in harrowing twice, fi rst just before or while the corn 
and beans are coming up, and again when they are about one 
and one-half inches tall. “A heavy weeder serves well but a 
harrow is better. By the time cultivation begins the ground 
thrown about the plants will keep the weeds under control. 
I always have fi gured that if I can raise two crops together 
without injury to either, alsike clover and timothy, vetch and 
rye, etc., I should be willing to take more pains than usual to 
keep weeds down.
 “As to method of planting we plant about a gallon of 
soy beans per acre, mixing them with the fertilizer. When 
no fertilizer is used dry sifted earth will do. Soil from a 
former soy-bean fi eld would be well, for we would not need 
to inoculate the seed. When mixing the beans with fertilizer 
we run some risk of the fertilizer killing the inoculating 
bacteria. This is especially true of acid fertilizer. A very good 
plan is to secure soil from a fi eld where a crop of soy beans 
grew with successful inoculation, and after sifting mix it 
with the fertilizer. This would inoculate the soy beans and at 
the same time there is no danger of injuring the bacteria in 
the soil. In no case mix the soy beans and corn together. As 
an experiment I tried this two yours ago. The result was an 
irregular stand of each.” Address: Holmes Co., Ohio.

514. Heuer, W. 1918. Gemuesebau: Die Sojabohne eine 
wichtige Kulturpfl anze der Zukunft [Vegetable gardening: 
the soybean, an important crop plant of the future]. 
Gartenwelt (Die) 22(17):130-31. April 26. [Ger]
• Summary: Discusses the work of Prof. Haberlandt and 
others to introduce soybeans to Germany. In general, 
Germany is too cold to get good soybean yields, however if 
the best soybean varieties and proper localities are carefully 
selected, it is possible to get good yields. For 70 years 
Germans have been breeding soybeans and there are now 
varieties that defi nitely give good yields.
 In the especially unfavorable summer of 1916 the fi rst 
soybean plants in the garden of the Plant Physiology Institute 
of Berlin-Dahlem (Pfl anzenphysiologischen Institus Berlin-
Dahlem) were already ripe on Sept. 12 and by the beginning 
of October, all of the plants were completely mature and 
harvested. In the dry and hot summer of 1917 the maturity in 
general was not any earlier, however the success of the crop 
was very large. The yield was 200 to 400 beans for each bean 
planted, depending on the variety. I am convinced is still 
going to increase quite signifi cantly.
 The importance of having nodule-forming bacteria in 
the soil is emphasized. The Royal Bavarian Agricultural-
Botanical Institution of Munich (kgl. bayr. agrikultur-
botanischen Anstalt München) succeeded in breeding these 
bacteria in pure culture. Their presence in the soil will 
defi nitely increase the yield of soybeansl.
 Planting instructions are given. The main pests of 
soybean plants are hares and rabbits, which prefer the 
yellow-seeded varieties. Rats and mice like the ripe seeds.

 Of the yellow, black, and brown varieties, the yellow are 
to be especially recommended for the garden.
 Given the importance of the matter, the War Committee 
for Vegetable and Animal Oils and Fats has noted that 
early maturing varieties already exist in Germany and their 
dissemination among the German people is important so that 
we have the largest possible amount of reliable seed in 1919.
 Their main use was initially more in the food industry 
than in individual homes. The great strength of the seeds is 
not in their preparation like other types of [common] beans. 
We will surely be successful in overcoming this diffi culty 
somehow. With the aid of a meat grinder it is already 
possible, or by taking the cooked beans and crushing them; 
in different ways they can be used for human consumption 
and nutrition.
 Note: Berlin lies in northeastern Germany, too far north 
for soybean cultivation. The warm southern parts of the 
country are much more suitable. Address: Dahlem, Berlin, 
Germany.

515. Smith, J.W.R. 1918. Soy-bean experience (Letter to the 
editor). National Stockman and Farmer 42(5):124. April 27.
• Summary: Discusses the writer’s very positive experience 
with soy beans, the best varieties, and use as grain or forage. 
“Advocated by the agricultural journals, colleges and 
experiment stations and by a great majority of good farmers 
who have placed and are placing this unsurpassed legume 
in the fi rst place as a hay, grain and soil enriching crop, give 
them a chance! A good yield of grain may be produced on 
poor soil (in some cases when corn or oats would fail), yet 
even a light application of stable manure before harrowing 
or even before plowing, a liberal dressing of lime just before 
drilling, especially on sandy soil, will insure a greatly 
increased yield of hay. Always inoculate by using inoculated 
soil or cultures.”
 “Varieties: Nothing is more essential for profi t than 
planting the best yielder of hay and grain adapted to your 
latitude. Of the twenty-fi ve varieties I have tested I esteem 
the Virginia No. 32906 unsurpassed for quantity and 
quality of hay and straw as well as large yield of the most 
valuable grain for seeding and propagating this excellent 
sort. The Wilson is a most excellent variety of similar 
characteristics.” Ebony and Peking are not quite as good. 
“The bushy varieties–Hollybrook, Medium Green, Ito San, 
Morse, Mongol, Ohio No. 9035 and Haberlandt produce 
inferior quality and less quantity of hay, but the grain is 
better adapted for human food, looks better at least, being 
yellow and larger in size. For oil production, bean meal and 
table service they are excellent, and mature as a rule north of 
41ºlatitude.”
 “In Jefferson county, Ohio, a pint of seed produced 
as follows: Mongol 52 pounds, Virginia 45 pounds, Ohio 
9035 45 pounds, Ebony 40 pounds, Ito San 35 pounds, 
Chestnut 27 pounds, Medium Green 25 pounds, Haberlandt 
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25 pounds. The Virginia produced a third more hay than the 
best and four times more hay than the Chestnut and Ebony. 
Hence we should use care in selecting varieties this spring 
when the seed is so scarce and expensive. The man who 
has a corn harvester for cutting silage corn should grow his 
‘corn and beans’ in the same row. Otherwise grow separately, 
yet fi ll silo simultaneously. Beans may be cut a few days 
previously.” Address: Jefferson county, Ohio.

516. Berkshire Farmers’ Bulletin (Berkshire Co. Farm 
Bureau, Pittsfi eld, Massachusetts). 1918. Raise legumes and 
cut down the feed bill. 1(6):13. April.
• Summary: “Until we learn to raise legumes as a major 
part of our crop rotation, we will not farm effi ciently 
or economically. The point is our fertilizer bills are 
enormous because of the nitrogen item. Our feed bills are 
likewise exorbitant because of the protein we have to buy. 
Leguminous crops which consist of clover, vetches, soy 
beans, and the like have the ability as no other plants do 
to take their supply of nitrogen free from the air. The crop 
yields from these plants are usually much larger per acre, 
particularly as a hay crop, than are the crops from grasses 
alone. The feeding value in very much greater on account of 
its high protein content.”

517. Gaskill, E.F. 1918. The soy bean. Massachusetts 
Agricultural College, Extension Circular No. 56. 3 p. April.
• Summary: Contents: Introduction. Uses: For forage, 
ensilage, pasturage, green manure or cover crop, grain, oil. 
Culture: Climate, soil, fertilizers, inoculation, seeding and 
cultivation, harvesting, threshing. Varieties. Advisability of 
growing in Massachusetts (its economic value on most farms 
is questionable).
 “For green manure or cover crop: Soy beans like other 
legumes are capable of assimilating most of the nitrogen 
needed from the air. Some of this nitrogen remains in the 
soil. It will be understood, therefore, that soy beans when 
grown as a green manure crop not only add humus to the 
soil but also fertility in the form of nitrogen. Soy beans do 
well on light sandy soils when properly inoculated. For this 
reason they will be found an excellent crop to restore humus 
and fertility to some of the poorer soils in this State, and are 
quite satisfactory as a cover crop in orchards.”
 “In harvesting for seed the mowing machine may be 
used, going around the fi eld cutting two rows at a time and 
having the inside rows mowed by hand in order to prevent 
the machine passing over the beans on the following trip. If 
several acres of beans are to be harvested it will undoubtedly 
found an advantage to use a mowing machine with a side 
delivery attachment. In order to prevent shattering, the crop 
should be cut in the morning before the dew is off or on a 
cloudy day.”
 “Threshing: An ordinary grain thresher with a bean 
attachment and properly adjusted as to speed may be used to 

thresh soy beans since they do not split as easily as the fi eld 
or garden bean.”
 “For oil: Soy bean oil fi nds a ready market for a variety 
of purposes. Its principal use in this country has been in the 
manufacture of paints.”
 Varieties: “The early maturing kinds are invariably 
small plants and produce light yields of beans, while the late 
maturing varieties produce larger plants and yield a heavier 
crop of seed. As a result of trials at the college of some two 
hundred varieties, Medium Green has proven to be one of the 
best for Massachusetts. Except in years of very early frost, it 
matures its seed... Some of the varieties that will mature in a 
shorter season than the Medium Green are Ito San, Ignotum 
[same as Ogemaw] and Quebec 92. These varieties will 
undoubtedly be found better adapted to the higher altitudes 
of the State. The Hollybrook is similar to the Medium Green 
in regard to maturity, characteristics of growth and yield, but 
differs in that its seed is yellow. The Wilson because of its 
small stems is considered an especially good variety for hay. 
The Mammoth Yellow is probably more extensively grown 
than all other varieties. It is a large variety which does not 
mature in New England.” Address: Massachusetts Agric. 
Exp. Station, Amherst.

518. Moore, R.A.; Delwiche, E.J. 1918. Soybeans–A crop 
worth growing. Wisconsin Agricultural Experiment Station, 
Bulletin No. 289. 16 p. April. [7 ref]
• Summary: Contents: Introduction. What is the soybean? 
Soils adapted to soybeans. How soybeans can be used: As 
a protein concentrate (ground soybeans), for roughage, 
for silage, as a pasture for hogs, as a soiling crop, as a soil 
renovator. What varieties are best?: For southern Wisconsin, 
for upper Wisconsin, breeding better soybeans. Growing the 
crop: Soil inoculation, how to inoculate, soil preparation, 
time of planting, method of planting, amount of seed 
required, depth of planting, cultivation. Harvesting for hay: 
When to cut, how to cut and cure. Harvesting for silage. 
Harvesting for seed: Time of harvesting, how to harvest, 
curing and handling, threshing, storing the seed.
 “We recommend this crop for the careful consideration 
of the Wisconsin seed growers, stockmen, and general 
farmers.” Photos show: (1) A man standing in a fi eld of 
soybeans (front cover). (2) Soybean plant with roots (p. 3). 
(3) Nodules on soybean roots (p. 10).

519. Trabut, Louis. 1918. Le Soja: Soja Max (L.) Soja 
hispida Savi [The soybean]. Algerie, Service Botanique, 
Informations Agricoles. Bulletin No. 55. 16 p. April. [7 ref. 
Fre]
• Summary: One cannot say that the soybean has been 
introduced to the Western world only relatively recently; 
it has been cultivated at the Jardin des Plantes since 1779. 
There the soybean has always produced seeds, which have 
been distributed to botanical gardens and amateurs interested 
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in plants. It would be unjust to say that for 138 years no one 
has been involved in the utilization of soya in Europe. In 
fact, there have been a number of fervent popularizers and 
propagators of the plant. A history of this work is given, 
including the Vienna Exposition of 1873, the work of Prof. 
Haberlandt in Austria disseminating and testing soybeans 
and his remarkable book on the soybean published in 1878, 
the work of the Society for Acclimatization in France from 
1855 (they made the vegetable cheese, tofu [To-fou]), and 
exports from Manchuria to Europe.
 Since 1898, Manchuria, which can no longer cultivate 
the opium poppy, has greatly expanded its cultivation of 
soybeans and has looked for outlets in European markets. In 
1909 Manchuria exported 410,000 tonnes of soya, a fi gure 
which rose to 650,000 tonnes in 1912.
 A that time, according to Mr. Brenier, Director General 
of the Chamber of Commerce at Marseilles, the industry of 
Marseilles, confronted with a infl ux of new oilseeds, tried to 
obtain soya but ran into customs problems. It wasn’t clear 
whether soya should be classifi ed as a legume (because 
it is a bean) or as an oilseed (graine oléagineuse). While 
the matter was being debated, all the available beans had 
been purchased by Hull, England, and Hamburg, Germany 
(Académie d’Agriculture de France, 1917, p. 189).
 “As the Director of the Chamber of Commerce of 
Marseilles informs us, in England, Germany, and the 
Netherlands, the industrial use of the soybean has been 
growing in importance for several years. In Germany there 
even existed an important manufacture of soymilk.
 “A Chinese factory [run by Li Yu-ying] was installed 
a few years ago near Paris to enable the soybean to realize 
its full potential and to introduce various commercial food 
products made from this seed. In 1912 Messrs. Li Yu-
ying and Grandvoinnet published a work on the soybean, 
recommending its cultivation in France.
 “In 1917 Mr. Balland notifi ed the Academy of Sciences 
of the utilization of soya in war bread, biscuits, etc. All these 
products, said the knowledgeable chemist, can contribute to a 
good diet because of their rich nutrient content.
 “The Swiss, who consume many coffee substitutes, roast 
the soybean seeds to make a coffee.
 In Algeria, starting in 1894, soybean agronomic trials 
were started at the botanical station of Rouïba. The results 
were communicated to the other French colonies in 1898 [by 
Louis Trabut] in Bulletin No. 16 of the Botanical Service.” 
The results of these and subsequent trials in 1896 and 1897 
in Algeria are summarized.
 In 1896 a soybean with a green seed coat yielded 2,980 
kg/ha of soybeans.
 Pages 7-11 include discussions of the nutritional value 
of soybeans, their use in diabetic diets, the fact that soybeans 
are rarely consumed as such but are almost always processed 
into more sophisticated foods (including fermented foods). 
Following these trials, that were focused on a very important 

collection (80 soybeans in number) received [in France] 
from a missionary in China through the intermediary of Mr. 
H. de Vilmorin, the seeds were distributed and the results of 
their cultivation were generally good. There follows a letter 
from a person in Bou-Medfa [Bou Medfaa, Algeria]. Also 
discusses the availability, benefi ts, and method of producing 
soybean milk which the Chinese prefer to animal milks, 
and which is free of bacteria that can cause tuberculosis. 
In Algeria, soybean yields range from 12 to 30 quintals 
per hectare. Note: 1 quintal = 100 kg. The Arabs consume 
soybeans boiled in salted water. In England a Soya Flour 
is sold which contains 75% wheat fl our and 25% soy fl our. 
This fl our is used commercially to make a soy bread. A Soja 
Biscuit is made in the Netherlands.
 Pages 12-14 list 26 soybean varieties in order of their 
earliness. Synonyms and characteristics are also given: 
Soja très hatif à grain noir (Extra Early Black; Vilmorin 
or Ogema [Ogemaw] of Michigan. Matures in 80-90 
days). Brun précoce (Early Brown from Indiana). Vireo 
(Tokyo). Chernie (Khabarovsk, Siberia; black seed). Auburn 
(American selection). Merko (Mekoechofka of Siberia; 
brown seed). Elton (Khabarovsk, Siberia; yellow seed). 
Chestnut (American selection 1907; brown seeds). Jaune 
d’Etampes (Yellow Etampes, or Ito San in America; One 
of the earliest varieties introduced to Europe and America). 
Vert de Samarow (Green Samarow, or Guelph in America; 
green seeds, matures in 120 days). Butterball (or Jaune 
géant {Yellow Giant} from Dammann, from Tokyo; yellow 
seeds. Matures in 110 days). Soja noir de Podolie (Black 
Podolia [Podolia is in today’s Ukraine], or Buckshot in 
America; black seeds). Wilson Black (Manchuria). Meyer. 
Austin. Haberlandt. Huang-Tou (Yellow Bean, from 
Ningouta {Ninguta, see Ning’an}). Bhetmas (from India; 
seed chocolate and yellow). Medium Yellow. Shingto (From 
Tieling {T’ieh-ling or Tiehling, Liaoning prov.}, Manchuria). 
Swan (from Canton). Soja tigré (Striped, spotted, or speckled 
soybean from Peking; seeds are grilled and eaten like 
peanuts). Brooks (Manchuria and China). Maculata gigantea 
(Large spotted, sold under this name by Dammann; probably 
the same as the American variety Meyer). Mammoth 
(American selection). Riceland (From China).
 The importance of inoculation with bacteria is 
emphasized. Soybeans can be cultivated with cowpeas for 
forage. An illustration (line drawing) on the cover shows the 
soy bean plant, with a close-up of the pods.
 Note 2. This is the earliest document seen (Oct. 2004) 
that mentions the soybean variety Wilson Black. Address: 
Director of the Botanical Service for the Government of 
Algeria.

520. Smith, Alfred G. 1918. Soy beans in systems of farming 
in the cotton belt. Farmers’ Bulletin (USDA) No. 931. 23 p. 
May.
• Summary: Contents: Commercial production promising. 
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Uses of soy beans. Area and soils adapted to soy beans. 
Bearing on other legume crops. Combining soy beans with 
other crops: As fi rst crop for seed, as fi rst crop for hay, in 
the row with corn, with corn in alternate rows, soy beans 
after small grain or Irish potatoes, in corn at last working, 
in alternate middles in cotton. Varieties of soy beans and 
seed required per acre. Farm practice in growing soy beans: 
Inoculation, distance between rows, planting and cultivation, 
fertilizers used, harvesting. Yields. Comparative labor 
requirements. Selling prices of soy beans and soy-bean 
forage. Division of crop with croppers and tenants.
 Varieties: “At least 90 percent of the soy beans grown in 
the cotton belt are of the mammoth yellow [sic, Mammoth 
Yellow] variety.” It is “suitable for both seed and hay, 
and is well known in commercial channels. It is a yellow 
bean and a variety that is suitable for human food. Cotton 
mills like it on account of its oil content and its color, for it 
makes a yellow meal which is acceptable to farmers who 
are accustomed to cottonseed meal, and who look upon a 
dark-colored meal as one that is damaged. The mammoth 
yellow soy bean grows erect and stands well, so that it can 
be harvested with a mechanical picker, which is not the case 
with several other varieties.”
 Fertilizers used Like cowpeas, soybeans are not heavily 
fertilized, if at all, farmers usually depending upon the 
residual effect of the fertilizers applied to other crops. Lime, 
applied as ground limestone, ground oyster shell, or burned 
lime usually increases the growth of soy beans (except in 
limestone areas), but it is not always needed to produce a 
profi table crop. In actual practice most of the farmers in the 
soybean district of North Carolina use some form of lime, 
since most of the soil there is acid. The lime is secured quite 
easily, and the increased yields considerably more than pay 
the cost. The lime is applied at the rate of 2 tons of ground 
limestone per acre once in four or fi ve years, or it is scattered 
on top of the row at the rate of about 1,000 pounds per acre 
just before the soy beans are planted. Light applications, 
occasionally as low as 150 pounds per acre, are frequently 
drilled in a furrow and covered, the beans being planted 
above.
 “Sometimes acid phosphate is used. This is applied 
generally at the rate of 200 pounds per acre and is drilled 
in the row before the beans are planted. On soils defi cient 
in potash kainit is sometimes used, but the most common 
practice with both acid phosphate and kainit is to fertilize 
the preceding crops and depend upon the residues for 
the soy beans. Cotton-seed meal, as previously stated, is 
sometimes used when planting soy beans for the fi rst time, 
and sometimes on other plantings where the soil is sandy 
or sandy loam. The common application is from 100 to 200 
pounds per acre, drilled in the row before planting the beans.
 “Harvesting: The diffi culty farmers have experienced in 
harvesting has been the greatest handicap in the extension 
of the production of soy beans. The development of new 

machines and accumulated experience with the crop, 
however, have overcome most of the troubles, so that 
farmers in the soy-bean district consider it little, if any more, 
trouble to harvest soy beans, except for hay, than it is to 
harvest oats or wheat.
 “Harvesting soy beans for hay is practically the same 
process as harvesting cowpeas for hay... Sometimes a tedder 
is used for curing, but not often.” The “usual custom is to 
shock them on hollow racks made of poles” (see fi g. 5). 
Merriam-Webster’s Collegiate Dictionary (1998) defi nes a 
tedder, a word fi rst used in the 15th century, as “a machine 
for stirring and spreading hay to hasten curing and drying.”
 “In harvesting soy beans for seed mechanical pickers 
(see fi g. 8) are used quite extensively. These pickers are of 
different makes, but all have the same general principle. 
They run astride the rows and knock out the beans, leaving 
the stems, leaves, and hulls on the land. The machine 
is drawn by two mules and operated by two men. One 
man drives and another throws out the excess trash that 
accumulates in the back of the machine. The picker will 
hold from 4 to 6 bushels of beans. When it is full, the beans 
are emptied and handled in different ways. In one common 
method the beans are run through a half-inch mesh sieve to 
remove the coarse trash and then are stacked. One or two 
men handle the sieve. These men may be the same who 
operated the machine or they may be extra men. After this 
the beans are cleaned with a fanning mill. Note 1. This is the 
earliest English-language document seen (Nov. 2006) that 
uses the term “fanning mill” in connection with cleaning 
soybeans.
 “Harvesting with a picker begins some time after the 
leaves of the plant have fallen (see fi g. 9). The time to begin 
is when the fi rst pods pop open and throw out the beans. 
As the picker works best only when the beans are dry, the 
machine is not started in the morning until the dew is off, 
which is usually from 9 to 11 o’clock... A machine will pick 
from 3 to 6 acres per day, averaging about 4½ acres...
 “The waste of beans in picking usually varies from one-
twentieth to one-fourth, and, as a rule, averages about one-
eighth. If the plants are blown down or have long branches 
so the machine can not handle them well, the waste may 
be more than this, or if the beans are left on the vines too 
late, so that many of them pop out, the waste may be higher. 
Varieties of beans that begin fruiting some distance from the 
ground can be harvested with the least waste by a picker, and 
this is one advantage of the mammoth yellow soy bean. Hogs 
are usually turned in to clean up the waste beans, so that in 
fact there is very little loss.
 “A picker costs about $125, and so is within the reach 
of many farmers. A farmer with a small acreage of soy beans 
frequently buys a picker and, in addition to his own work, 
does custom work for his neighbors. In this way his machine 
is profi tably used. The common price for picking beans with 
a picker is 20 cents per bushel, or a toll of one-tenth of the 
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beans. In northeastern North Carolina approximately four-
fi fths of the beans grown for seed are harvested with pickers. 
Altogether there are now in use over 1,500 pickers, some of 
which have been in use for 10 years [i.e., since 1908] and 
have picked over 8,000 bushels of beans. It is noteworthy 
that the pickers are replacing other methods of harvesting 
and that the increase in the acreage of soy beans in the cotton 
belt can be attributed largely to these machines.
 “Another way of harvesting the soy beans is to cut them 
with a binder and thrash them out with a grain thrasher (see 
fi g. 10) adjusted for handling beans.” When harvested with 
a binder, the soy beans “are cut earlier than when harvested 
with a picker, since to save the seed they must be cut before 
the pods start bursting open.” 
 Photos show: (1) A man driving a two-wheeled machine 
pulled by two horses in a fi eld of soybeans (front cover).
 (2) A fi eld of soy beans in southeastern Oklahoma, 
grown for seed.
 (3) Soy beans planted in alternate rows with corn, ready 
to be harvested. 
 (4) A man planting soy beans with a cotton planter.
 (5) A fi eld of soy beans at Danville, Kentucky. 
 (6) A hollow rack used for curing soy bean hay. 
 (7) Soy bean hay stacked on hollow racks.
 (8) Baling soy bean hay in the fi eld from hollow racks. 
 (9) Three people emptying a soy-bean picker and 
screening the beans.
 (10) A fi eld of Mammoth Yellow soy beans to harvest 
for seed.
 (11) People and machines thrashing soy beans.
 (12) Soy beans cut with a self-reaper and piled in small 
bunches for curing preparatory to thrashing.
 Note 2. This is the earliest document seen (Aug. 2001) 
that contains the term “soy-bean picker” (or “soy bean 
picker”). This machine, developed in North Carolina and 
fi rst described by Dacy in June 1916, was an early version of 
the combine, and (like the combine) it greatly facilitated the 
work of harvesting soy beans.
 Note 3. This is the earliest English-language document 
seen (Jan. 2003) that uses the word “mechanical” in 
connection with soybean production or harvesting.
 Note 4. This is the earliest document seen (Jan. 2003) 
that uses the terms “pods pop open” or beans “pop out” to 
refer to shattering. In about 1942 a non-shattering soybean 
variety named “Rose Non Pop” was developed in North 
Carolina. Address: Agriculturist, USDA.

521. Riegel, W.E. 1918. Soy beans for Illinois. Orange Judd 
Farmer 64:574. June 1.
• Summary: This article begins: “It is essential to secure 
good seed with soys as well as other crops. Never use it a 
year old unless it has been thoroughly tested. All seed should 
be inoculated with the glue or other method equally good.” 
Discusses the glue method of inoculation, planting methods, 

the two greatest enemies of soy beans (the crust that forms 
after heavy rains, and weeds), cultivation, harvesting, and 
threshing.
 “When seeded with the drill, it is necessary to cultivate 
about three times with weeder or rotary hoe to keep weeds 
down. The fi rst cultivation should be when weeds are very 
small, and the last cultivation must not be after the beans are 
10 to 12 inches high, or when the bloom has begun to form.”
 Note: This is the earliest document seen (Jan. 1998) 
that uses the term “rotary hoe” in connection with soybean 
production. Address: Champaign County, Illinois.

522. Perkins, W.R. 1918. Turn soybean crop into hay (Letter 
to the editor). Atlanta Constitution (Georgia). June 23. p. 
A13.
• Summary: “Soy beans may often be successfully grown 
as a money crop, but there are some diffi culties to be 
encountered in harvesting the bean crop. There is generally 
a lack of machinery for harvesting and threshing and 
considerable loss from the popping of the seed pods in the 
fi eld [shattering]. While it is a splendid crop for the purpose 
just mentioned, we believe that the really important place of 
the soy bean in Louisiana is in the making of hay.
 “The hill and cut-over pine sections of the state should 
use soy beans as a substitute for alfalfa, which will not 
succeed in these sections. The soy bean will make a hay fully 
as palatable and nutritious as alfalfa.”
 “Use the Mammoth Yellow or Biloxi varieties. Inoculate 
the seed and plant about one-half bushel to the acre.” 
Address: Louisiana State Univ.

523. Cauthen, E.F. 1918. Growing soy beans in Alabama. 
Alabama Agricultural Experiment Station, Bulletin No. 202. 
p. 79-84. June.
• Summary: This is a popular edition of Bulletin No. 
203. Contents: Introduction. Uses. Fertilizer and culture. 
Inoculation. Harvesting and thrashing. Varieties.
 Varieties mentioned: Biloxi, Blackbeauty [Black 
Beauty], Ebony, Edward, Haberlandt, Hollybrook, Mammoth 
Yellow, Wilson.
 Note: This is the earliest document seen (Oct. 2004) that 
mentions the soybean variety “Blackbeauty”–spelled as one 
word. Address: Assoc. Agriculturist.

524. Vanderleck, J. 1918. Nitrocultures for soy beans. J. of 
Agriculture and Horticulture (Quebec) 21:180. June.
• Summary: “... there exists a bacterial culture for soy beans, 
which will enable the plants to obtain the nitrogen from 
the air. Inoculated soy beans can be grown on a poor soil, 
but the culture mentioned is never present in the soil and it 
is necessary each year to inoculate the seed beans afresh. 
The Bacteriological Department of Macdonald College can 
supply soy bean cultures at the nominal price of twenty-
fi ve cents a bottle, suffi cient to inoculate one bushel of seed 
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beans.” Address: Canada.

525. Jordan, Sam. 1918. The soy bean a husky ally: But 
you’ve got to know how to handle him. Country Gentleman 
83(28):7. July 13.
• Summary: “To make the Kaiser bite the dirt and boche 
hunt his hole. Our boys are red hot on his trail, and at home 
men, women, boys, girls, cows, pigs, chickens and a lot more 
of us are out on the same job. Some job we are doing too!
 “Say, child, lend me your ear! A bunch of hogs so helped 
a man in Carroll County, Missouri, that his corn and soy 
beans made him $104 an acre, the hogs doing a big part of 
the labor...”
 Discusses the value of soybeans in farming during 
World War I, feeding soy beans to lambs, and hulling soy 
beans.
 A photo shows Sam Jordan (wearing straw hat and 
suspenders), Missouri County Agent, standing in a fi eld 
of 60-day-old soybeans. Several farm houses are in the 
background.
 Note: Webster’s Third New International Dictionary 
(1963) states that “boche” is slang for “German.” So a 
“boche hunt” is a hunt for a German. Address: Missouri 
County Agent, Columbia, Missouri.

526. Bean-Bag (The) (St. Louis, Missouri). 1918. Inoculate 
soybeans. 1(2):13. July.
• Summary: “The soybean has become an important crop, 
and W.A. Albrecht, of the University of Missouri College 
of Agriculture, believes that it deserves more extensive 
cultivation, because it is an annual legume which gives 
large yields of grain and hay. The crop furnishes good food 
for mankind as well as excellent feed for livestock. Since 
soybeans are legumes, they can utilize the free nitrogen of 
the air through the aid of certain bacteria which form nodules 
on the roots, and are not forced to live on the soil alone. 
Without these bacteria the soybeans, like corn, take all their 
plant food from the soil and add nothing to it, save their own 
roots. For the plants to make best growth, the nodules must 
be present on the roots.
 “The bacteria that cause the nodules and help the plant 
are not always in the soil. No other crop has been found 
which has the same bacteria as the soybean, and the soil is 
not inoculated for this crop by growing another, as is the 
case with alfalfa and sweet clover. Nor have the soybeans 
themselves been grown extensively enough in the United 
States, since their general introduction from Japan in 1898, 
to distribute their bacteria widely. These facts make it 
necessary to inoculate or add the proper bacteria when the 
crop is seeded for the fi rst time. This can be done either by 
means of soil, or artifi cial cultures containing the bacteria.
 “Soil for inoculation should be collected to a depth 
of six inches from a fi eld where soybeans, with plenty of 
nodules on their roots, have been grown recently, and then 

broadcast and harrowed in on the new fi eld at the rate of 
three hundred pounds, or more, per acre before the seed is 
sown. Less soil may be used by drying it in the shade and 
applying it through a fertilizer attachment when the beans are 
being drilled. As soon as the soil has been scattered over the 
entire fi eld it should be harrowed in, to distribute the bacteria 
thoroughly and incorporate them into the moist soil.
 “When only very small quantities of a thoroughly 
inoculated soil can be had it may be applied to the seed by 
means of glue. The seeds are moistened with a glue solution, 
containing enough glue to make it sticky, or about one pint of 
liquid to a gallon of water, and the infected soil is sifted over 
them. The moist seed and the soil should be mixed so well 
that every seed becomes dirty. The seeds are large enough 
that they will not clump together and give trouble in seeding. 
They may be planted while wet, or may be allowed to dry. 
This method is simple and gives good results.
 “When properly inoculated soil cannot be had, 
artifi cial cultures may be used. They are prepared by many 
commercial fi rms and experiment stations with complete 
directions for use. They are usually applied to the seed, and 
in this way make inoculation very simple and easy to carry 
out.
 “When soybeans are planted for the fi rst time, 
inoculation will give the crop better color, improve its 
feeding value, and increase the yield, unless the soil is 
unusually fertile. On soils of medium, or even good fertility, 
improvement in the crop may be expected. The cost of 
inoculating is so small and the importance of increasing the 
crop at this time is so great that one cannot run the risk of a 
poor crop by failure to inoculate.”

527. Bean-Bag (The) (St. Louis, Missouri). 1918. Texas bean 
news: Soy bean experiment. 1(2):40. July.
• Summary: “Soy beans are becoming such a popular crop 
that experiments to determine the best varieties and to 
demonstrate by actual experience the value of inoculation, 
have been started on the farm of P.E. Donnell, near Waco, 
under the direction of the County Farm Bureau.”

528. Fellers, C.R. 1918. Report on the examination of 
commercial cultures of legume-infecting bacteria. Soil 
Science 6(1):53-61. July. [10 ref]
• Summary: The author concluded: “Soybeans seem to be 
harder to inoculate than most of the common legumes. Many 
of the cultures failed to give satisfactory results with this 
plant. The soil-transfer method is recommended for soybean 
inoculations except when commercial cultures are known to 
be of good quality.”
 “Harrison and Barlow, of the Ontario Agricultural 
College, did pioneer work in North America and originated 
the method of growing Bacillus radicicola on a nitrogen-free 
medium. This was soon copied by others until, at the present 
time, most of the cultures on the market are pure cultures of 
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defi nite varieties of the nitrogen-gathering bacillus, grown 
on a nitrogen-free or, rather, a nitrogen-poor agar medium.” 
Address: New Jersey Agric. Exp. Station.

529. Moor, R.I. 1918. Soy beans fail to mature (Letter to the 
editor). Bean-Bag (The) (St. Louis, Missouri) 1(2):25. July.
• Summary: “I planted yellow soy beans last summer after 
lettuce. I used commercial fertilizer for lettuce, also for the 
soy beans, with very little potash in it. The soy beans grew 
large enough and had plenty of pods, but most of the beans 
were shriveled. I irrigated them. How far apart should the 
beans be planted? I may have had them too close.”
 “Reply–It is possible that failure to inoculate your soy 
beans when planting caused your trouble. The rows should 
be three feet apart, ordinarily.” Address: Sarasota, Florida.

530. Morse, W.J. 1918. The soy bean: Its culture and uses. 
Farmers’ Bulletin (USDA) No. 973. 32 p. July. Superseded 
by Farmers’ Bulletin 1520. [27 ref]

• Summary: Contents: Summary. Commercial importance. 
Climatic adaptations. Soil requirements. Preparation of the 
seed bed. Fertilizers. Inoculation. Time of planting. Depth of 

planting. Rate of seeding. Method of seeding. Cultivation. 
Varieties (22): Barchet, Biloxi, Black Eyebrow, Chiquita, 
Early Brown, Elton, Guelph (“also known as Medium Green, 
Early Green, Medium Early Green, and Large Medium”), 
Haberlandt, Hahto, Hollybrook, Ito San (“has been known 
under the names of Japan Pea, Yellow, Medium Yellow, 
Dwarf Yellow, Early Yellow, Early White, and Coffee 
Berry”), Lexington, Mammoth, Manchu, Medium Yellow 
(“has been grown under the names Early Yellow, Mongol, 
Banner, and Roosevelt”), Mikado, Peking (“In variety tests 
the Peking, Sable, and Royal varieties appear to be identical, 
and it is quite evident that the latter two are selections from 
the Peking.”), Shanghai (“has been grown in North Carolina 
under the name of Tarheel Black”), Tokyo, Virginia, Wilson-
Five [black seeded], Yokotenn [Yokoten].
 Soy beans in rotations. Soy beans in mixtures: With 
cowpeas, corn, sorghums, or Sudan grass. Soy beans for 
seed: Yields of seed, feeding value, for human food, for oil 
and meal, viability of soy-bean seed, cost of production, soy-
bean straw. Soy beans for hay: Time of cutting, curing soy-
bean hay, feeding value of soy-bean hay, yields of soy-bean 
hay. Soy beans for soiling. Soy beans for pasture. Soy beans 
for ensilage. Soy beans for soil improvement. Enemies of the 
soy bean: Rabbits, root-knot caused by a nematode, cowpea 
wilt due to a Fusarium, caterpillars, and black blister beetles.
 “Commercial importance: The soy bean, also called the 
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soya bean, the soja bean, and in North Carolina the stock 
pea, is an annual leguminous plant, a native of southeastern 
Asia. It has been cultivated in China, India, and Japan for 
more than 5,000 years and in extent of use and value is the 
most important legume now grown in these countries.”
 “The soy bean was introduced into the United States as 
early as 1804, but it is only during the last decade that it has 
become a crop of much importance. At the present time it is 
most largely grown for forage. In many sections, especially 
southward and in some parts of the corn belt, a very 
profi table industry has developed from that growing of seed. 
During the past few years the acreage has increased to a very 
considerable extent. The large yield of seed, the excellent 
quality of forage, the ease of growing and harvesting the 
crop, its freedom from insect enemies and plant diseases, 
and the possibilities of the seed for the production of oil and 
meal and as a food all tend to give this crop a high potential 
importance and assure its greater agricultural development in 
America” (p. 3).
 Concerning the variety Hahto (p. 14): “This variety 
recently introduced from Japan is a large producer of seed 
and forage, and the seeds when from three-fourths to full 
grown make an excellent green vegetable, similar to the 
Lima or butter bean. Plants stout, erect, maturing in about 
135 days; pubescence tawny; fl owers purple; seeds olive 
yellow, with a black seed scar, much fl attened, very large, 
about 75,000 to the bushel; oil, 14.8%; protein, 40.6%.” Note 
1. This is the earliest English-language document seen (May 
2003) that uses the term “butter bean” to refer to the lima 
bean.
 Uses for human food (p. 22-23): “Until 1916 the soy 
bean had been used but little in the United States for food 
and only as a special diet for persons [diabetics] requiring 
foods of a low starch content. Much interest has been shown 
during the last two years in the possibilities of the soy bean 
for food. The United States Department of Agriculture 
and many schools of cookery and domestic science have 
conducted successful experiments in utilizing 
the dried beans in the manner of the navy 
bean and the green beans when three-fourths 
grown to full grown as a green-vegetable 
bean. The variety and palatability of the 
forms in which the bean can be served 
make it a very desirable article of food, 
and undoubtedly it will grow in favor as it 
becomes better known. Soy-bean meal or 
fl our may be used as a constituent of bread 
and muffi ns and in pastry.”
 Photos show: (1) A man standing in a 
fi eld of soy beans (front cover). (2) A typical 
mature soy-bean plant (p. 4).
 (3) Roots of a soy-bean plant with 
abundant development of nodules (p. 7).
 (4) Cultivating soy beans. Cultivation 

should begin as soon as the seedling plants appear. Two 
horses pull a man on a harrow or weeder. (5) A fi eld of the 
Biloxi variety of soy beans in Mississippi (p. 13). (6) A fi eld 
of the Black Eyebrow variety of soy beans in South Dakota. 
(7) Plats of the Mammoth and Virginia varieties of soy beans 
at Arlington Farm, Virginia (p. 15). (8) A man standing in 
a fi eld of the Peking variety of soy beans grown in 24-inch 
rows. (9) A fi eld of soy beans and corn grown for ensilage 
(p. 17). (10) A fi eld of soy bean and Sudan grass grown in 
mixture for hay (p. 22).
 (11) Opened pods of Hahto variety soy beans on a plate, 
showing the large seeds (p. 23). (12) Soy-bean hay on frames 
(p. 25).
 A diagram (p. 5) shows 67 different ways in which soy 
bean plants and seeds are utilized. The plants are used for 
green manure, forage (hay, ensilage, soiling), and pasture. 
The seeds are used to make oil, meal, and food products. 
The oil is used to make various non-food industrial products 
(glycerin, explosives, enamels, varnish, waterproof goods, 
linoleum, paints, soap stock {for hard or soft soaps}, 
celluloid, rubber substitute, printing inks, lighting oil 
{illuminants}, and lubricating oil), and four food products 
(butter substitute, lard substitutes, edible oils, and salad oils). 
Food products include dried beans and green beans. From 
dried beans are made soy sauce, boiled beans, baked beans, 
soups, coffee substitute, roasted beans, breakfast foods, 
and vegetable milk (from which is made soy cheese {fresh, 
dried, smoked, or fermented}, condensed milk, fresh milk, 
confections, and casein). The green beans are used as green 
vegetables, canned, or in salads.
 An outline map of the United States (p. 6) shows the 
areas to which the soy bean is especially adapted, as to 
varieties and purpose. The eastern half of the country is 
divided horizontally into 3 zones: Southern, for later and 
larger varieties for seed production; Central, for medium and 
medium-late varieties for seed and the same varieties and 
later varieties for forage; Northern (the line runs through 
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central Ohio, Indiana, and Illinois, and southern Iowa) for 
very early varieties for grain production and the medium and 
medium-late varieties for forage and ensilage.
 Note 2. This is the earliest document seen (July 2013) 
that mentions the soybean varieties Hahto, Yokoten, or 
Wilson-Five.
 Note 3. This is the earliest document seen (June 2009) 
that describes a vegetable-type soybean variety (Hahto), 
or says that a specifi c variety makes an excellent “green 
vegetable.”
 Note 4. This is the earliest English-language document 
seen (June 2009) that contains the term “green-vegetable 
bean.” Address: Scientifi c Asst., Forage-Crop Investigations, 
USDA Bureau of Plant Industry, Washington, DC.

531. Williams, C.G. 1918. Livestock vs. grain farming. Ohio 
Agricultural Experiment Station, Bulletin No. 328. p. 39-53. 
July. [9 ref]
• Summary: “What are the possibilities of maintaining 
fertility in the State and Nation by the utilization of the 
manure products of our livestock? There was in the United 
States in 1910, according to the Thirteenth Census,” the 
equivalent of 96.91 million head of cattle. The same census 
reports 878.79 million acres of farm lands in the USA. 
“There is therefore one animal of the horse or cattle kind to 
furnish manure for the maintenance of the fertility of 9.07 
acres... The impossibility of maintaining fertility under these 
conditions without recourse to outside sources will at once 
be granted. Shall the farmer, then, be encouraged to keep 
more livestock?” One answer is to grow legumes which 
enrich the soil with nitrogen.
 Page 43 discusses “The soybean crop,” which was fi rst 
tested here in 1911. Table III shows that from 1911 to 1917 
inclusive, the average yield of seed per acre of livestock 
farming was 21.88 bushels, whereas for grain farming it was 
18.99 bu. The highest seed yield, 28.58 bu/acre, was attained 
in 1912.

532. Fellers, C.R. 1918. The effect of inoculation, fertilizer 
treatment, and certain minerals on the yield, composition, 
and nodule formation of soybeans. Soil Science 6(2):81-119. 
Aug. [54 ref]
• Summary: From pot and fi eld experiments it was found 
that inoculation of soya-bean seeds before planting or of the 
soil in which they were planted with pure and commercial 
cultures of B. radicicola or with well infected soil caused 
a substantial increase in the crop. The protein content of 
the crop increased and the oil content decreased in direct 
proportion to the thoroughness of the infection. There 
appeared to be little natural spreading of the nodule organism 
in the soil, apart from its transference by an outside agency, 
such as water, air, etc. In acid soils the application of small 
quantities of lime was as important as inoculation, and 
stimulated nodule formation enormously. The protein and 

oil content were affected as before. Small applications of 
acid phosphate (superphosphate) were also benefi cial, and in 
this case oil production was increased when the phosphate 
was applied after liming. Potash was benefi cial to a lesser 
extent. Sodium nitrate inhibited nodule formation, and soya 
beans do not appear to require soluble nitrogen compounds. 
Manganese had little effect, and sulfur was somewhat 
injurious.
 “Ground oyster shells and burnt lime were very effi cient 
in increasing the yield and total dry matter of soybeans on 
acid soils; the increase varying from 30 to 50 percent. Small 
applications (1000 to 2000 pounds per acre) are nearly as 
benefi cial as large amounts, and are, of course, much more 
economical. Small applications of line at intervals of a 
few years are to be preferred to a single large application. 
It appears that liming soybeans on acid soils is nearly as 
important as inoculation. Both should be practiced together 
for the best results. On sour soils liming stimulated nodule 
production to a marked degree–in some cases as much as 
1500 per cent.”
 Nodule development does not take place readily on 
acid soil, even when the root-infecting organisms are 
plentiful in the soil. The oil content of soybeans decreases 
in direct proportion to the largeness of applications of 
lime. Applications of small amounts of lime were nearly as 
effective in raising protein content as larger applications. 
Address: Formerly Research Fellow, Rutgers College [New 
Jersey].

533. Morse, W.J. 1918. Re: Manuscript entitled “An 
Economic Study of the Soy Bean in Eastern North Carolina” 
by Messrs A.G. Smith and C.E. Holt. Mr. A.G. Smith. Letter 
(memorandum) to Prof. C.V. Piper, Bureau of Plant Industry, 
USDA, Washington, DC, Sept. 5. 1 p. Typed, without 
signature (carbon copy).
• Summary: “Dear Professor Piper: With reference to the 
manuscript entitled ‘An Economic Study of the Soy Bean in 
Eastern North Carolina’ by Messrs A.G. Smith and C.E. Holt 
of the Offi ce of Farm Management, will say that I have gone 
over this carefully, comparing it with recent publications on 
this crop.
 “The fi rst impression that I gained as I read through the 
manuscript, was the similarity of contents with a previous 
publication by Mr. Smith, Farmers’ Bulletin 931, ‘The 
Soybean in Systems of Farming in the Cotton Belt’. In 
criticising the manuscript as a whole, I would say that fi rstly; 
the subject matter is rather loose, and there is a great deal 
of repetition. Secondly; the various phases have been taken 
up in Farmers’ Bulletin 931 with perhaps a little more detail 
and the addition of tables, and thirdly; certain parts of the 
manuscript treat on subjects that are strictly forage crop 
work.
 “To support the criticisms mentioned above, it might be 
well to point out specifi c cases throughout the manuscript.
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 “Under the heading “Outlet for Soy Beans and Recent 
Economic Development’, most of the matter in this is 
contained in Department Bulletin 439, ‘The Soy Bean, with 
Special Reference to Its Utilization for Oil, Cake, and Other 
Products,’ also our Farmers’ Bulletin 973, ‘The Soy Bean Its 
Culture and Uses.’ and Yearbook Article Separate 740, ‘The 
Soy Bean Industry in the United States.’ In Farmers’ Bulletin 
931, about the same things are discussed under the heading 
‘Uses of Soy Beans.’
 “Under the heading ‘Soils’, about the same thing is 
discussed in Department Bulletin 931, under ‘Area and 
Soils Adapted to Soy Beans’. With the subject ‘Varieties 
and Seed’, this is a forage crop matter and is discussed to a 
greater extent in our recent Farmers’ Bulletin 973. It is quite 
evident from the author’s discussion here on Varieties and 
Seed, and also his discussion under ‘’Factors Infl uencing 
Yields’, that his information concerning varieties in Eastern 
North Carolina is somewhat limited. The Offi ce of Forage 
Crops has been doing a very considerable amount of work 
in cooperation with the North Carolina Experiment Station, 
with improving the varieties in the Eastern part of North 
Carolina and introducing new improved sorts. During the 
past two years the Virginia, Tokyo, and Back Eyebrow 
varieties have become quite well known. It is also to be 
noted that this same information under ‘Varieties and Seed’ 
is contained in Bulletin 931.
 “Under the heading ‘Growing Soy Beans’, the 
information contained therein is practically the same as in 
Farmers’ Bulletin 931 under ‘Farm Practice in Growing Soy 
Beans’. Under ‘Harvesting Soy Beans for Seed’, the Offi ce 
of Forage Crops published in September 1917, Farmers’ 
Bulletin 886 entitled ‘Harvesting Soy-Bean Seed’. The 
information and data contained in the manuscript under 
this title is discussed also very full in Farmers’ Bulletin 931 
under ‘Harvesting.’
 “Under ‘Combination of Crops’, this matter is again 
discussed in Farmers’ Bulletin 931 under the heading 
‘Combining Soy Beans with Other Crops’. As I see it, this 
subject again is a matter relating to the work of the offi ce of 
forage crops.
 “On ‘Factors Infl uencing Yields’, it seems to me that this 
is entirely a forage crop proposition, as the authors discuss 
inoculation, improvement of seed, methods of planting, and 
fertilizing. The use of soy beans as a pasture for hogs is 
also discussed, and this subject has been taken up recently 
in our Farmers’ Bulletin 973, and discussed quite generally, 
showing the results of defi nite experiments.
 “In summing up the situation, it seems to me that at 
this time when there is a call for economy in printing, that 
a manuscript or publication of this type is uncalled for. In 
fact, under normal conditions, I can hardly see where in 
view of the recent soy bean publications, another department 
bulletin merely giving in detail the substance of other 
publications, would be necessary. In fact, it is stated in 

the Beginning of Farmers’ Bulletin 931 that the directions 
given in the bulletin are based on an economic study of soy 
beans in Northwestern North Carolina. You no doubt will 
recall that there was a considerable discussion at the time 
Farmers’ Bulletin 931 was in galley-proof. It was found 
that a very considerable amount of the matter pertained to 
forage crop work and when taken up with the offi ce of Farm 
Management, was admitted as such by that offi ce.
 “I am sending herewith copies of the publications 
referred to above.
 “Very truly yours, Ass’t. Agrostologist.”
 Note: We can fi nd no evidence that this manuscript 
was ever published. However in April 1920 an article titled 
“Farm practices with soybeans: Based on a survey of fi fty 
farms in northeastern North Carolina,” by A.G. Smith and 
C.E. Hope [not Holt] was published in the North Carolina 
Department of Agriculture, Bulletin.
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Assistant Agrostologist [Forage 
Crop Investigations, Bureau of Plant Industry], USDA, 
Washington, DC.

534. Winkler, Gustav. 1918. Die Sojabohne: Aus einem 
Vortrage... gehalten in der Hauptversammlung der 
Gartenbau-Gesellschaft Frankfurt a.M. am 17. April 1914. 
Zweite Aufl age [The soybean: From a lecture... presented at 
the main meeting of the Gardening Society of Frankfurt am 
Main, on 17 April 1914. 2nd ed.]. Mainkur bei Frankfurt am 
Main, Germany: Published by the author. ii + 28 p. Illust. 22 
cm. [4 ref. Ger]
• Summary: On the cover: “Die Sojabohne der Mandschurei 
[The soybean of Manchuria]. Much of this lecture (as stated 
on the title page) was based the following English-language 
article, translated into German by Werner Winkler (Gustav’s 
son) in 1913: Shaw, Norman. 1911. “The soya bean of 
Manchuria.” Shanghai, Statistical Department, Inspectorate 
General of Customs. China Imperial Maritime Customs. II. 
Special Series No. 31. 32 p.
 Contents: A 2-page insert at the front. Photos show: 
(1) The author (with a large white beard and moustache) 
with a many-branched soybean plant, stripped of its leaves, 
mounted on a 2 x 3 foot wooden board, from his beanfi eld 
(Winklers Bohnenfeld) at Mainkur. This one plant grew from 
May 10 to Oct. 15, 6 months, producing 242 pods containing 
503 completely mature soybeans. This line was acclimatized 
for 6 years and cultivated in the soil for 5 years. (2) The 
author standing and holding (with the roots facing upward) 
one soybean plant in each hand. In his right hand is an 
acclimatized soybean which produced 58 beans in 100 days. 
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In his left hand is a plant grown from Chinese seeds of 1912-
13 which produced 224 fl owers and no seeds in 100 days. 
(3) A many-branched soybean plant, stripped of its leaves, 
from Winkler’s beanfi eld, affi xed to a board. Grown from 
Chinese seeds harvested in 1911/12. It grew from 15 May 
1917 until Oct. 1, fi ve months. 105 pods produced about 250 
completely mature soybeans. From seeds that were not yet 
acclimatized grown on cultivated soil. (4) A similar looking 
plant from Winkler’s beanfi eld. Grown from Chinese seeds 
harvested in 1911/12. It grew from 15 May 1918 until Oct. 
15, fi ve months. 160 pods produced about 350 soybeans. 
The seeds were not yet completely ripe because of bad, raw 
weather in 1918.
 Foreword to the 2nd edition. Introduction. Diagram 
in the shape of a rhombus / diamond, showing how the 
various colored soybeans change from one color into another 
(adapted from Shaw 1911, p. 2). Description of the diagram: 
Discusses: (1) Ball, Carleton R. 1907. “Soy bean varieties.” 
USDA Bureau of Plant Industry, Bulletin No. 98. 30 p. + 5 
plates. May 27. (2) Hosie, Alexander. 1910. Manchuria: Its 
People, Resources, and Recent History. London: Methuen & 
Co. xii + 293 p. Hosie describes 3 types of soybeans: Yellow, 
with 3 subvarieites. Green, with 2 subvarieites. Black, with 3 
subvarieites.
 The rest of the contents is fairly similar to that of the 
1st edition (1914), but the details within many sections 
are greatly expanded. On the back cover is a photo of 
two soybean plants attached to a board, one month after 
planting the seed, Summer 1917; 15 May to 15 June. In the 
Supplement (p. 26-28), the author summarizes the results of 
his 8 years of soybean cultivation in Frankfurt; he concludes 
that it can be grown with good results in southern Germany. 
Frankfurt am Main is about midway between the northern 
and southern tips of Germany. Address: Mainkur bei 
Frankfurt am Main, Germany.

535. Cauthen, E.F. 1918. Soy beans in Alabama. Alabama 
Agricultural Experiment Station, Bulletin No. 203. p. 85-123. 
Nov. [3 ref]
• Summary: Contents: Summary. Introduction. Climate and 
soil requirements. Fertilizers for soy beans: Acid phosphate 
and kainit [kainite] for hay; acid phosphate, kainit, cotton 
seed meal, etc., for seed and hay; acid phosphate vs. raw 
phosphate in seed production; acid phosphate vs. raw 
phosphate in hay production. Inoculation. Inoculation 
experiments. Cropping systems. Culture: Preparation of 
soil, planting, rate of seeding, tillage. Harvesting soy beans. 
Thrashing and storing seed. Variety tests for seed. Soy bean 
straw. Variety tests for seed and oil. Soy bean hay. Variety 
tests for hay. Rate of seeding for hay. Mixtures of cowpeas 
and soy beans for hay: Heavy seeded mixtures, light seeded 
mixtures. Soy bean as a soil improving crop. Fertilizing 
effect on cotton: Comparative yields on. Enemies of the soy 
bean.

 Brief description of the common varieties of soy beans: 
Acme 14594, Arlington 22899, Austin 17263, Baird, Barchet 
23232, Blackbeauty [Black Beauty], Biloxi, Chinese 20797, 
Ebony, Edward Soy, Haberlandt, Hollybrook 17278, Ito 
San Soy, Mammoth Yellow, Otootan, Pekin 152, Rueland 
[Riceland?] 20797, Shanghai 14952, Swan 22379, Tokyo 
17267, Virginia 32906, Wilson (Black) 19185.
 “Variety tests for seed” (p. 101-03) states that “the 
Experiment Station has tested 30 different varieties or strains 
for seed production. Much larger numbers have been grown 
for observation purposes. Most of the varieties have been 
furnished by the U.S. Department of Agriculture.” Table 
VI (p. 102) gives the yields of seed from these 30 varieties 
from 1908 to 1918, and the yield of straw during 1917 and 
1918. Varieties mentioned here but not mentioned above 
are: Flat King (from 1909), Medium Green (from 1916), 
Medium Yellow (from 1916), Morse (from 1914), Rueland 
(from 1912), Tar Heel (1916 only), and Wilson (yellow; from 
1917).
 “During the 11 year period Blackbeauty stood at the 
head three years in production of seed; Haberlandt, two 
years; Mammoth Yellow, Sherwood, Tokyo, Hollybrook and 
Biloxi one year each. During the 11 year period the four most 
productive varieties for seed of each year included Mammoth 
Yellow seven times; Blackbeauty fi ve times; Hollybrook fi ve 
times; Edward, Haberlandt, Ebony and Wilson each three 
times; Baird, Acme, Shanghai, and Swan each two times; 
Flat King, Peking, Sherwood, Virginia, Biloxi and Otootan 
each one time.”
 “Enemies of the soy bean (p. 118-20): Probably the 
greatest enemy to the growing of the soy bean is rabbits. 
They are very fond of the young, green, tender foliage. 
Where only a small patch is planted, the rabbit has been 
known to destroy it entirely. It is suggested that the farmer 
plant enough for the-rabbits and for the farm.
 “A very small eel-like worm, called nematode, 
(Heterodera radicicola) sometimes attacks the soy bean root 
and causes irregular enlargements on it. The enlargements 
are mistaken by some for nodules caused by nitrogen-
gathering bacteria, peculiar to this plant. Where the soil is 
badly infested with this insect, the farmer is advised to plant 
some other crop that is not susceptible to its attack.
 “The soy bean suffers from a disease that attacks the 
underground part of the plant and causes the leaves and 
stem to wilt. When the plant is examined, it is noticed 
that the bark is soft, and the woody part of the stem dark. 
This darkening of the stem is due to a microscopic fungus 
(Fusarium tracheiphilum–Smith), which is said to be the 
same organism that produces the wilt of cow-peas. When 
a fi eld becomes infested with this disease, it should not be 
planted in soy beans or cowpeas susceptible to wilt.
 “Root rot attacks the soy bean plant and causes a wilting 
of the leaves, followed by the death of the entire plant. When 
the plant is pulled up, a mat of white fl uffy mold is usually 
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found on the stem directly below the point where the stem 
enters the ground. On it may later appear small round bodies 
(sclerotia) which perpetuate the fungus.
 “Leaf spot sometimes appears when the plants have 
about reached maturity. It does not do much injury.”
 A photo shows a diseased soy bean root and the effects 
of nematodes. Address: Agriculturist, Auburn, Alabama.

536. Berkshire Farmers’ Bulletin (Berkshire Co. Farm 
Bureau, Pittsfi eld, Massachusetts). 1918. Soy bean 
demonstrations. 2(2):34-35. Dec.
• Summary: “Soy beans have been grown with corn in 
these demonstrations to determine their value in silage. The 
experiment has not gone far enough yet to determine whether 
the growers consider them worth while for this purpose. 
Most of the raisers say they will grow them another year.”
 Farmers who inoculated the seeds usually got plants 
with root nodules, and vice versa. Details are given for the 
following towns in Berkshire County: Tyringham: Raymond 
Taylor planted 6 acres of Mammoth Yellow variety with 
white fl int corn on June 1. Great Barrington: Roy W. Busby 
planted 6 acres of Medium Green variety the fi rst week of 
June. Cheshire: Orrin C. Martin planted 4 acres of Medium 
Green variety on June 1. South Lee: Ascension Farm School 
planted 1 acres of Medium Green variety on May 31. 
Lanesborn: Teot Bros. planted soybeans that were eaten by 
woodchucks. “A year ago, however, on another section of the 
farm, they had a wonderful stand with their corn which they 
considered increased the feeding value of the corn one third.”
 “Altford: John Dellea had a very successful stand in a 
small section of his fi eld which was left by courtesy of the 
jack rabbits and woodchucks.” Ashley Falls: R.L. Hurlburt 
grew several acres separately. “He has raised them for 
several years and says they increase the palatability of the 
corn very much; and not only is the feeding value greater, 
but he cattle will eat more of it. He says he will grow soy 
beans as long as he farms. Mr. Hurlburt grew the following 
varieties: Medium Green, Wilson, Sable and Hollybrook. 
Medium Green averaged 6 tons to the acre. The Wilson, 
Sable and Hollybrook 7 tons.”

537. Walters, J.A.T. 1918. New crops for Rhodesia. Rhodesia 
Agricultural Journal 15(6):529-34. Dec.
• Summary: Page 533: “Goat’s Rue (Galega offi cinalis) 
continues to be successful as a perennial fodder, but it is 
not as vigorous as beggar weed... Two new varieties of Soy 
Beans gave no better results than those previously tried, and 
this crop continues one which we cannot recommend in this 
country. Several native leguminous plants which are prolifi c 
nodule bearers are under observation, and any such plants 
that may have been noticed by farmers would be welcomed 
for trial.” Address: B.A., Assistant Agriculturist.

538. American Mutual Seed Co. 1918. Headquarters for 

grass and fi eld seeds: Selling at lowest wholesale prices. 
Our customers share in the profi ts. Seed guide-season 1918 
(Mail-order catalog). Chicago, Illinois. 48 p. 28 cm.
• Summary: Three photos on the front cover show: (1) A 
man riding on a farm implement pulled by two horses in 
front of a fi eld of tall sugar cane plants. “Cane produces big 
crops of forage.” (2) A fi eld with bales of hay made from 
“Iowa–103–The champion early oats, making 100 bu per 
acre. (3) Two varieties of corn. “Located as we are in the 
Greatest Terminal Market in the World [Chicago], we are in 
a position to secure the cream of the crop and to get it at a 
price with which no competitor can compete.” The secretary 
and general manager of the company is J.F. Summers of 
Malvern, Iowa–but with headquarters in Chicago. He offers 
a money back guarantee of high germination, honest weight, 
and honest value if the seeds are returned within 30 days 
of receipt. On page 2 is a full-page letter from Secretary 
Summers, with a photo of him at his desk. Page 3 discusses 
the profi t-sharing plan, upon which the company was 
founded.
 The section titled “Soy beans” (p. 20) discusses: 
Introduction. Varieties: Mammoth Yellow, Medium Early 
Yellow, Ito San, and Black Ebony (the latter is an unusual 
varietal name). Concerning Black Ebony: “We have a nice 
supply of this seed stock that has been carefully recleaned 
and we feel sure that they will please you. Owing to 
unsettled market we are unable to quote fi rm prices.” Note 
1. After each variety is written: “Owing to unsettled market 
we are unable to quote fi rm prices. See list.” Note 2. This is 
the earliest English-language document seen (March 2003) 
that uses the word “recleaned” in connection with cleaning 
soybeans.
 Growing the crop: Soil, preparation of seed bed, 
seeding, tillage, harvesting. A large horizontal photo shows 
“A large fi eld of soy beans, the greatest soil builder known.”
 The introduction to the section on soy beans begins: 
“No crop has increased in popularity in recent years more 
rapidly than the Soy Bean, and it is rapidly becoming one of 
the most profi table crops which can be grown throughout the 
corn belt. It was formerly thought that it could not be grown 
only in a limited territory, but the result of the numerous tests 
by the several State experimental stations and by the United 
States Department of Agriculture has proven that Soy Beans 
may be grown over a much greater area than was at fi rst 
supposed possible.”
 “Soy beans may be utilized either as a soiling crop, 
pasture crop, hay crop or grown for seed. As a soiling crop 
for cows, no crop surpasses them for producing a high yield 
of milk. Hogs turned into a patch of Soy Beans as the beans 
are commencing to form will make a phenomenal growth. 
The Soy Beans will produce under favorable conditions 12 
to 13 tons of fresh fodder per acre, containing large amounts 
of crude protein and fat, which makes an excellent forage to 
mix in with corn fodder or some other forage plant high in 
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carbohydrate but low in protein.
 “If grown for seed this crop will produce from 25 to 40 
bushels per acre of the most concentrated food stuff that can 
be produced upon the farm, and the ground seed is equal 
pound for pound with oil meal in feeding value, and it is 
claimed that butter made from cows fed this meal has an 
exceedingly fi ne texture and fl avor.”
 Location: Bailey Hortorium, Mann Library, Cornell 
University, Ithaca, New York.
 Note: This is the earliest document seen (July 2013) that 
mentions the soybean variety Black Ebony. Address: 43rd & 
Robey Streets, Chicago, Illinois.

539. Conn, Herbert William. 1918. Agricultural bacteriology: 
A study of the relation of germ life to the farm with 
laboratory experiments for students. 3rd ed. Philadelphia, 
Pennsylvania: P. Blakiston’s Son & Co. x + 357 p. Illust. 
Index. [265* ref]
• Summary: The soy bean is mentioned on pages 105, 109, 
110, 113, 134.

 Page 105: An illustration shows tubercles on the roots of 
a soy bean plant.

 Page 109-110: “Are there different species of tubercle 
bacteria: It is practically certain that nearly all soils contain 
bacteria capable of living in symbiosis with leguminous 
plants. Not all species of legumes are capable of developing 
root tubercles equally well in all soils. Some soils will 
luxuriantly support certain species of beans, peas, or 
clovers, producing a large crop, developing quantities of 
tubercles and fi xing an abundance of nitrogen, while the 
same soil will not support other species of legumes with 
equal readiness. For example, the soil of Connecticut is not 
adapted to the legume called the soy bean. When this bean is 
planted in the ordinary Connecticut soil it does not fl ourish, 
but yields a small crop unless heavily fertilized, and does 
not produce tubercles. This species does, however, grow 
readily in Massachusetts. Some years ago the experiment 
was tried of importing Massachusetts soil, upon which this 
plant had produced abundant tubercles, and mixing it with 
the Connecticut soil, subsequently planting the soy bean. 
The result was an excellent growth of the soy bean and the 
development of tubercles. Afterward these particular plots of 
land were capable of producing large luxuriant crops of the 
soy bean, with abundant root tubercles and a large fi xation 
of atmospheric nitrogen. Evidently Connecticut soil does not 
contain the bacteria adapted for producing the tubercles in 
the soy bean, although those which produce tubercles on the 
pea and the clover are abundant enough.”
 Page 113: “Some species of legume fi nd in a certain soil 
the tubercle organism adapted to them, while other species of 
legume may not fi nd the proper organisms in the same soil. 
The soy bean is a most excellent crop for nitrogen gathering 
since it is an extremely luxurious growing legume, producing 
abundant tubercles and a large fi xation of nitrogen when 
supplied with the organisms which produce tubercles. But in 
order to make use of this crop it may be necessary to import 
the proper bacteria from other soils.”
 Page 134: “Green manuring is of particular value in 
sandy, loose soils, where the humus is scanty, and where 
the texture of the soil facilitates losses by draining. In such 
soils so rapid is the draining that it is sometimes diffi cult 
to get fertilizers to remain in the soil long enough for their 
proper assimilation by the plant. The use of legumes, plowed 
under to furnish a mass of decaying vegetation, greatly 
improves the texture of the soil and will, in time, give them 
a fair humus content. By this means very unpromising sandy 
soils can be reclaimed to a fair condition of fertility. The 
legumes found to be best adapted to such sandy soils are 
the cow pea, the soy bean, the velvet bean and the crimson 
clover.” Address: Formerly Prof. of Biology, Wesleyan Univ., 
Middletown, Connecticut.

540. Hall, Bolton. 1918. Three acres and liberty. Revised ed. 
New York, NY: The Macmillan Company. xviii + 276 p. See 
p. 233. Frontispiece. Illust. 20 cm.
• Summary: Chapter 8, “The kitchen garden,” states (p. 70-
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71): “Before the plowing is done, the land for the garden 
should be manured at the rate of twenty-fi ve large wagon 
loads to the acre. If you can get a suitable plot that has been 
in red clover, alfalfa, soy beans, or cowpeas, for a number 
of years, so much the better. These plants have on their roots 
nitrogen-fi xing bacteria, which draw nitrogen from the air. 
Nitrogen is the great meat-maker and forces a prolonged and 
rapid growth of all vegetables.
 Page 91: The United States Agricultural Department 
“supplied free to farmers the bacteria for inoculation. Now 
they supply it only for experimental purposes. A laboratory 
has been fi tted up for the work. The method is to propagate 
bacteria for each of the various leguminous plants such as 
clover, alfalfa, soy beans, cow peas, tares, and velvet beans. 
All of these plants are of incalculable value in different 
sections of the country as forage for farm animals.”
 Page 171: “The heaviest clay is made lighter and more 
porous, and the lightest sand is readily made retentive of 
moisture and extremely productive, by plowing in different 
kinds of crops as green manure, such as cow peas, soy beans, 
the vetches, etc.; crimson clover, winter oats, rye, turnips, 
and numerous other crops may be sown in August or later,...”
 In chapter 24, “Some experimental foods,” we read 
(p. 231-32): “The future, it seems, has many strange dishes 
in store for the American stomach. Whether you are rich 
or one of the plain people that have to work, whether the 
idea of new fantastic food appeals to your palate or to 
your pocketbook, you will be attracted by the array of 
foreign viands with curious names which have already 
been successfully introduced and are now beginning to 
be marketed in this country. Mr. William N. Taft, in the 
Technical World Magazine, presents the following wild 
menu for the dinner table: Jujube Soup. Brisket of Antelope. 
Boiled Petsai Dasheen au Gratin. Creamed Udo. Soy Bean 
and Lichee Nut Salad. Yang Taw Pie. Mangoes Kaki. Sake. 
This, he assures us, is not the bill of fare of a Chinese eating 
house, nor yet of a Japanese restaurant, it is the daily meal 
of an American family two decades hence, if the Department 
of Agriculture succeeds in its attempt to introduce a large 
number of new foods to this country for the dual purpose 
of supplying new dainties and reducing the cost of living. 
Uncle Sam has determined to decrease the price of food as 
much as possible, and, for this purpose, delegated Dr. David 
S. Fairchild, Agricultural Explorer in charge of the Foreign 
Plant Section of the Bureau of Plant Industry, in particular, to 
see what can be done about it.”
 And page 233: “The soy bean, once started, grows 
wild and yields several crops a season. It can be prepared 
in a multitude of ways, from baking to a delicious salad. 
According to Doctor Yamei Kin, the head of the Women’s 
Medical School near Pekin, milk can be made from it to cost 
about six cents a quart and equal to cows’ milk. It would be 
a blessing if we could get rid of the sacred but unclean cow. 
One of the state dairy inspectors told me, ‘We consider milk 

a fi lthy product.’” Address: Author.

541. Lipman, Jacob G.; Blair, Augustine W. 1918. Report 
of the Department of Soil Chemistry and Bacteriology. New 
Jersey State Agricultural Experiment Station, Annual Report 
38:333-68. For the year ending Oct. 31, 1917. See p. 350-68.
• Summary: The section titled “The continuous growing of 
wheat and rye with and without a legume as green manure, 
1917” (p. 350-52) reports the yields of yields of each cereal 
alone (grain or straw) or followed by soybeans. In each case, 
the yields followed by soybeans used as green manure are 
greater.
 The section titled “Vegetation experiments on the 
availability of phosphorus and potassium compounds” (p. 
353-66) mentions Guelph variety soybeans.
 Summary: “When soybeans were grown in coarse white 
sand, basic slag as a source of phosphorus gave about as 
good yields as acid phosphate... The average percentage 
of nitrogen in the dry matter (soybean hay) was about the 
same with basic slag as with acid phosphate.” Address: 1. 
Ph.D., Soil Chemist and Bacteriologist; 2. A.M., Assoc. Soil 
Chemist [New Brunswick, New Jersey].

542. Wisconsin Agricultural Experiment Association, Annual 
Report. 1918. Report on the Association’s co-operative work. 
17:26-27.
• Summary: The fi rst section, titled “Soy beans” (p. 26-
27), begins: “Two pounds of seed were sent to members 
in different parts of the state in the spring of 1918, 
with directions for planting, cultivating and harvesting. 
Inoculation was furnished with each lot. Twenty-four 
members reported the results of their trial.” Reports are given 
(for hay and seed) for three varieties: Early Black soy beans, 
Ito San, and Manchu. Manchu matured the earliest, followed 
by Ito San, then Early Black.

543. Jordan, Sam. 1919. A run-down farm that bought itself: 
The story of twenty-fi ve years’ experiences in building up 
success. Country Gentleman 84(1):6. Jan. 11.
• Summary: “If I bought a farm twenty-fi ve years ago for 
twenty-fi ve dollars an acre and went in debt for it, as most of 
us have had to do, and paid off the mortgage in twenty-fi ve 
years, I have done just a little better than the average man 
has done. Suppose that your boy or somebody else’s boy 
desires to buy my farm now at $100 an acre. Suppose that 
he farms as well as I have done, making the same number of 
dollars’ profi t above expenses. I believe you will agree that 
it will take him just eighty years to own his home. If he pays 
for it in the twenty-fi ve years that I paid for it he must make 
four blades of grass grow where I grew one, four ears of corn 
grow where I grew one; in other words, he must make four 
dollars’ profi t above his expenses for every one that I made, 
if he meets his obligation in the same time.
 “In spite of the diffi culties with which they have to 
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contend many men throughout the country are making 
their farms more fertile, or at least maintaining their virgin 
fertility. And no man through carelessness, ignorance or 
wantonness has the right to destroy the fertility of the soil. 
My own experiences in restoring fertility to the soil are 
no doubt similar to those through which many others have 
passed in building up worn-out farms.”
 “If you will take a piece of land that will grow just a 
little corn, put soy beans in the hills at planting time and drill 
cowpeas between the rows at laying-by time, allow the stock 
to feed it down, then plow under what is left about two or 
three inches deeper than you ever plowed, sow rye on it for a 
winter cover crop and pasture to be lightly plowed under in 
early spring, and crop again the same way for three years, I 
can guarantee a very productive piece of land.
 “I used the cowpeas entirely at that time, as I was not 
familiar with the value of the soy bean. My experience and 
observation since then have clearly indicated that the soy 
bean is preferable in nearly every respect. It can be planted 
as early as you desire to plant corn, as it will endure a great 
deal of cold weather both spring and fall.
 “Soy bean is weevil-proof: It grows in a small bush, 
does not interfere with cultivation and is more easily 
harvested and more easily cured than the cowpea, since the 
seed and the stems ripen at the same time. It produces seed 
much more heavily than the cowpea, and weevils do not 
molest the seed. It is doubtful, however, if anything is better 
than New Era cowpeas for sowing between rows of corn 
at laying-by time; some of the heavy-vining varieties are 
perhaps better when it is desired to plow them under for a 
green manure.
 “The question is sometimes asked whether or not 
soy beans, drilled in the hill with the corn at the time of 
planting, about as many beans as there are grains of corn, 
injure the corn. From my own experience, and from careful 
observation, especially through the dry season of 1911, 
1913, 1914 and 1918, I could not help but conclude that on 
an average the beans growing with the corn did not either 
damage or benefi t the corn. We invariably found in the few 
exceptional cases where the beans appeared to be injuring 
the corn that there were no nodules on the roots of the beans, 
indicating that they had not been inoculated. If the beans are 
not getting nitrogen from the air they will perform the same 
function as weeds and, of course, do mischief.
 “Since the soy beans and cowpeas are short-season 
plants and begin their nitrogen gathering very early in their 
growth, it would seem apparent that during the growth of 
the corn it is actually obtaining some of the nitrogen that has 
been secured by the soy beans. Another cause for the corn’s 
being benefi ted in a dry year is that cowpeas and soy beans 
will assist in shading the ground and preventing too much 
heat and evaporation. The soy bean will make a good growth 
in an extremely dry season, and take less moisture from the 
soil than would otherwise be taken from the exposed surface 

of the ground by the hot sunshine, the wind and the cracking 
of the earth.
 “The soy bean will often yield from ten to twenty 
bushels of seed to an acre, in addition to one or two tons of 
threshed hay that makes a most excellent feed. A sixteen-
bushel yield of soy beans, with a ton of hay, is the equivalent 
in feeding value of a forty-bushel yield of ear corn. When 
sowing for hay or for seed best results are usually obtained 
by drilling in rows about sixteen to thirty inches apart and 
giving the growing crop good cultivation. A good implement 
for cultivation is the common weeder or the spike-toothed 
harrow. When the harrow is used the teeth should be slanted 
well back. It should be kept in mind that it is always a 
mistake to cultivate cowpeas or soy beans when the ground 
is wet or when there is either dew or rain on the plants. The 
work should be done in the heat of the day when the plants 
are dry.
 “A substitute for tankage: For planting in the corn one 
bushel of soy-bean seed will plant from sixteen to thirty 
acres, depending upon the variety used. When sown from 
sixteen to thirty-two inches apart for grain or hay, from a 
peck to a half bushel of seed to an acre might be used.
 “Soy beans fed to fattening hogs will largely take the 
place of tankage. About one bushel of soy beans to fi ve 
bushels of corn makes a very high-class fattening ration.
 “There are several methods of planting the beans in the 
corn. Formerly, the corn and beans were mixed in the planter 
box, but this is not very satisfactory. Sometimes, where corn 
is drilled, the corn is fi rst planted and the ground gone over 
the second time, planting the beans in the same rows, but 
not so deep. Judging from my own experience, however, 
the most satisfactory way is to use a bean attachment on the 
planter.
 “I have become very enthusiastic over the virtue of the 
soy bean, especially as a supplementary crop, and believe 
that it will fi ll one of the greatest places in keeping up the 
nitrogen content of the soil, adding materially to the amount 
of our crops, and assisting in the control of noxious weed 
growth in the fi elds. Soy beans should usually be inoculated, 
as not all soils contain the proper bacteria. Trial packages of 
inoculating material may be secured from the United States 
Department of Agriculture, Bureau of Soil Bacteriology, 
Washington, D.C.
 “As a county agent, I am asking your help, that the boys 
and girls who are to be the farmers to-morrow may work 
out their destinies, pay for their homes, live in comfort and 
contentment and be worth-while citizens in the communities 
in which they live.”
 A large aerial photo shows a farm, probably Sam’s.

544. Morse, W.J.; Hendrick, H.B. 1919. Illustrated lecture 
on soy beans. USDA Syllabus No. 35. 16 p. Jan. 23. 
Accompanied by 50 lantern slides. [16 ref]
• Summary: Discusses the increasing importance of soy 
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beans in the United States. Contents: Introduction. Feeding 
value of soy beans: For sheep, for hogs, its use as pasture, 
silage, and hay. Value of soy beans other than for stock feed: 
Value of planting the beans for seed and for oil, use of soy-
bean meal as a fertilizer, soy beans and soy-bean meal as 
human food. Requirements for successful production: Soil 
and climate, soil preparation, fertilizers, inoculation, seeding 
and cultivation. Varieties: Mammoth, Guelph, Haberlandt, 
Tokio, Ito San, Medium Yellow, Manchu, Wilson, Peking, 
Black Eyebrow, Biloxi, and Barchet. Place in the cropping 
system: Mixtures, special rotation. Harvesting and storing: 
Cutting soy beans for seed, storing. Soy beans and cowpeas 
compared. The talk is accompanied by 50 lantern slides; a 
description of each is given in the Appendix.
 “Extensive tests are being conducted by the United 
States Department of Agriculture with soy-bean fl our in the 
making of bread. The fl our or meal can be successfully used 
as constituent for muffi ns, bread, and biscuits in much the 
same way as corn meal. In these various food products about 
one fourth soy-bean fl our and three-fourths wheat fl our have 
been found to be the proper proportions. When a special 
food of low starch content is desired, as for diabetic persons, 
a larger proportion of soy fl our is used and some form of 
gluten is substituted for the wheat fl our...
 “The green bean when from three-fourths to full grown 
can be prepared like green peas, or green Lima beans and 
compares favorably with these in palatability... Soy beans are 
now being sold on the market in the form of baked pork and 
beans. Several large canners are now putting up this product 
and the industry seems to be established on a permanent 
basis. In addition to other uses given, the soy bean has 
been utilized not only in the United States but in European 
countries as a substitute for the coffee bean. When roasted 
and prepared it makes an excellent substitute for coffee. In 
Asia the dried beans, especially the green-seeded varieties, 
are soaked in salt water and then roasted. This product is 
eaten after the manner of roasted peanuts” (p. 6-7).
 “Mixtures: Soy beans can be grown satisfactorily in 
combination with other crops, thus affording a greater 
variety and a larger yield of forage. A mixture of soy beans 
and cowpeas makes a very satisfactory hay. Soy beans may 
also be grown either for hay or ensilage in a mixture with 
sorghum. Sudan grass is also excellent for growing with 
soy beans, both the yield and the quality of the forage being 
improved by the mixture. Soy beans are more generally 
grown with corn, however, than with any other crop. This 
mixture is planted in different sections in various ways; 
namely, in alternate hills with the corn in the same row, in 
alternate rows of each, in alternate series of two rows of 
each, or broadcast in mixture... Mixed fi elds may also be 
profi tably utilized by pasturing to hogs. Early and medium 
varieties of soy beans are sometimes planted in between the 
corn rows at the time of the last cultivation. Silage made 
from a crop of corn and soy beans in combination is an 

excellent succulent feed. The larger late-growing varieties 
are most desirable for this purpose” (p. 11). Address: 1. 
Scientifi c Asst., Forage-Crop Investigations, Bureau of Plant 
Industry; 2. Specialist in Agricultural Education, States 
Relation Service, USDA, Washington, DC.

545. Latham, A.M. 1919. Farmers’ experience meeting: 
Livestock essential in getting full benefi t from velvet and soy 
beans. Progressive Farmer (The) (Raleigh, North Carolina) 
34(6):221. Feb. 8.
• Summary: “Soy beans somewhat resemble the cowpea, but 
in my opinion it is better to plant the cowpea on the poorer 
soils. On the more fertile lands the soy bean will prove to be 
a better crop to grow. Soy beans should not be planted except 
on the better lands, and should the fi rst year be inoculated 
with artifi cial inoculation.”
 “Soy beans make a very nutritious hay, and all the farm 
animals like it. This bean makes an excellent and valuable 
grazing crop for hogs...” Address: Anson, Texas.

546. Moss, B.L. 1919. Soy and velvet beans: Planting, 
cultivation and utilization. Progressive Farmer (The) 
(Raleigh, North Carolina) 34(6):218. Feb. 8.
• Summary: “In the soy and velvet beans we believe the 
South has two of the greatest crops introduced in the past 
50 years. Both are legumes and hence soil- enrichers; both 
produce large quantities of splendid feed; and both are well 
suited to inter-cropping with corn, with little hurt to the grain 
yield of the latter.”
 In the South, the Mammoth Yellow is by far the most 
widely grown variety of soy bean. Describes methods of 
planting and cultivating soy beans, which are a great crop for 
producing cheap pork.

547. Justice, J.L. 1919. Inoculating soy beans (Letter to the 
editor). Hoard’s Dairyman 57(4):161. Feb. 14.
• Summary: “Inoculation of soys is such a simple matter 
that it does not pay to run the chance of their being self-
inoculating... However, it is not necessary to inoculate where 
soys have been grown in the same ground the year before if 
the preceding crop was well inoculated.”
 “Soy beans are more likely to be self-inoculating in 
a loose, fertile, soil than in a compact, tight soil.” To help 
secure good inoculation, “prepare the soil thoroughly, 
plowing it only when it turns up loosely and working it into a 
loose seed bed. The bacteria need breathing spaces in the soil 
to thrive;... Good drainage facilitates inoculation. Bacteria 
do not thrive in soil on which water stands for any length of 
time as the breathing spaces are closed and they cannot get 
free circulating air. Perhaps that is one of the chief reasons 
why soys grow sickly and yellow on a wet soil. Inoculation 
fails on soils that are inclined to be sour or acid;...” Address: 
Indiana.
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548. Grantham, A.E. 1919. An experiment with soy beans. 
Practical Farmer 115(4):68. Feb. 15. Undated.
• Summary: Relates the experience of a farmer who found 
his soybean crop was improved by inoculation, and the milk 
production of his cows and appearance of his stock and 
horses improved by feeding them soybeans.
 “The second year he increased his acreage, planted 
earlier, and thoroughly inoculated the fi eld. His crop this 
year yielded on the average two tons of cured hay per acre. 
He told me a few days ago that he considered his soy beans 
worth $40 per ton for feed; at the time, he was getting $35 a 
ton for timothy hay. He knew the feeding value of the latter 
as compared with soy beans, and was glad to sell it all and 
feed the soy bean hay. His experience is that of dozens of 
farmers who have had the patience to give the comparatively 
new crop a trial.”

549. Orange Judd Farmer. 1919. Soy beans on Meharry 
farm. A crop which feeds both soil and stock. 66(8):312. Feb. 
22.
• Summary: “Soy beans as a regular crop have been very 
successful on the A.P. Meharry farm in Champaign County, 
Illinois. They have been grown there for nine years and 
the crop is considered of increasing value each year, as the 
acreage has been gradually increased.” Address: Illinois.

550. Withrow, W.A. 1919. Growing soy beans in Indiana: 
What we have learned about the crop. Rural New-Yorker 
78:303. Feb. 22.
• Summary: Contents: Hay, seed, or forage. Varieties 
used. Later seeding. Drilling and cultivation. Cutting the 
hay. Thrashing and yield. For planting with corn for early 
hogging, the varieties Early Brown and Medium Yellow 
mature earlier than Medium Green. For later hogging, use 
“the Hollybrook variety of Soy, which requires 10 or 15 days 
longer to mature than Early Brown.” “The yield varies from 
eight to 30 bushels per acre, depending on the variety, soil, 
season and time of planting. Heavy yields are often secured 
on soils of medium fertility... Inoculation, either by the soil 
or liquid culture method, should always be given if planting 
on land which has never grown the crop.
 A large photo shows two men and two teams of horses 
cultivating a ten-acre fi eld of Hollybrook soy beans 20 inches 
high. The beans were planted on June 30 and the photo taken 
on Aug. 10. Address: Montgomery County, Indiana.

551. Burlison, W.L.; Flint, W.P. 1919. Fight the chinch-
bug with crops. Illinois College of Agriculture, Extension 
Circular No. 30. 14 p. Feb. Revised 1923. No. 268. 16 p.
• Summary: “That the chinch-bug feeds only on grasses has 
been known from about the time when it fi rst caused damage 
in this country in 1785...” “One of the most effective ways in 
which to check a chinch-bug outbreak would be to abandon 
the growing of corn and substitute crops on which the 

chinch-bug will not feed.”
 The fi rst crop recommended in the soybean; this section 
has the following contents: Introduction. Uses. Soil and 
climatic requirements. Culture. Inoculation. How soybeans 
are harvested. When to cut soybeans (for hay or seed). Kinds 
of soybeans to plant: “Haberlandt, Hong Kong, Chestnut, 
Amherst, Ebony, Sherwood, Meyer, and Nuttall are leading 
varieties in central Illinois for seed production... For southern 
Illinois, Medium Yellow is considered the best early variety 
of soybeans. Ebony is a desirable late variety. It produces 
good yields of seed and hay, the beans possess high quality, 
and the plants retain their leaves well.”
 Photos show: (1) Soybean plant with pods and roots 
exposed, and a close-up of the leaves. (2) A fi eld of 
soybeans, which make fi rst-class hay (p. 4). (3) Soybean 
roots with nodules / tubercles (p. 6).
 Also discusses: Cowpeas, stock beets (mangels), 
buckwheat, sunfl owers, rape (Dwarf Essex variety), chinch-
bug damage. Address: 1. Chief in Crop Production; 2. Chief 
Field Entomologist. Both: Illinois Natural History Survey.

552. Burlison, W.L. 1919. Soybeans gain popularity: They 
make good in Illinois. Orange Judd Farmer 66(9):349, 371. 
March 1.
• Summary: This article appears to be a summary of one by 
the same author titled “Soybeans and cowpeas in Illinois,” 
in the Illinois Agric. Exp. Station, Bulletin No. 198. 20 p. 
(April, 1917). It is chiefl y about cultivation of the soybean, 
but also points out the reasons for the popularity of the crop 
in Illinois. A small rectangular portrait photo shows W.L. 
Burlison. Address: Univ. of Illinois.

553. Ullsperger, H.W. 1919. Soy beans on marsh and sandy 
soils. Hoard’s Dairyman 57(8):410. March 14. Reprinted 
from Kellogg’s Kurio.
• Summary: “’At least ten acres of soy beans on every marsh 
and sand farm’ should be the slogan in Wisconsin.” “Soy 
beans can and should be grown extensively. They make 
excellent hay... they can be grown as a cash crop, bringing 
in net returns twice as large as that secured from corn or 
rye; they can be used for silage with corn; and... they will 
build up the soil fertility to such an extent that farming will 
become profi table on many farms which now operate at a 
loss.”
 “First, get the right variety. If you want to raise seed, 
grow the Wisconsin Early Black. For hay or silage use the Ito 
San, which is a yellow bean.” Be sure to inoculate the soil, 
plant in rows, if soils are very sour use lime, and do not plant 
too thickly.
 A table compares the total digestible nutrients and 
protein in soy beans, alfalfa, red clover, and timothy. It 
“shows clearly the value of soybeans as a feed for stock of 
all kinds.” Mixed with corn, soy beans make an excellent 
silage. Note: This article fi rst appeared in Kellogg’s Kurio. 
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Address: [Peninsular Experiment Station, Sturgeon Bay] 
Wisconsin.

554. Millard’s Review (Shanghai). 1919. Oils and oilseeds of 
the Orient. 8(4):147. March 22.
• Summary: “No single vegetable product has developed 
such importance in the Far East as the soya bean. Its products 
are used at home as a food, as a fertilizer, and for lighting 
and lubricating purposes, and are exported as oil and bean 
cake. As a food it is the principal ingredient of soy sauce, 
bean curd, and steamed beans. The bean cake, containing 
a high percentage of nitrogen, is a valuable fertilizer and is 
used extensively in Japan; and recently bean oil temporarily 
replaced petroleum for lighting in China, when lack of 
shipping facilities kept that product off the market. The 
center of soya-bean production is Manchuria; and Japan is 
the chief crusher and producer of oil and cake, though the 
manufacture of bean oil and cake is also a very important 
industry of Dairen, Kwangtung Leased Territory. Mukden is 
the center of the bean trade and the beans are there bought 
for cash from the farmers. Formerly a good deal of the 
export trade was done through Harbin and Vladivostock 
[Vladivostok], but recent political conditions have diverted 
practically all of this trade southward. Newchwang and 
Antung handle a small proportion of the trade but, being 
icebound most of the winter, their combined tonnage 
amounts to only 30 per cent of the Dairen trade. Shanghai 
and Kiaochow are other Chinese centers for bean oil, while 
the Kobe district in Japan is the most important oil-mill 
center in the Far East. In China soya beans are generally 
planted early in June and harvested the middle of September, 
although three minor varieties are planted in April and 
harvested in July. There are 19 kinds of soya beans cultivated 
in China, but those cultivated for oil are known as the Eight 
Month White Bean and the Water White Bean. These are 
generally rotated with winter crops of wheat, barley, and 
rape, which are harvested some weeks before the beans are 
planted. Seeds are broadcasted and turned under in carefully 
prepared beds and then replanted, generally in about 10 days. 
No fertilizer is required for soya beans, the roots of the plant 
gathering nitrogen from the soil. The native farmer, while not 
understanding the scientifi c reason, knows from experience 
that beans grow well without fertilizer, and that fi elds that 
have been planted with beans are more productive than other 
fi elds. Thus cotton is often planted one spring and beans 
the next, although wheat is always the winter crop. With an 
abundance of cheap fertilizer no defi nite rotation of crops is 
attempted. Weeding is done frequently, especially after the 
rainy season, and the withered weeds are used to fertilize 
other fi elds.
 “Harvesting is done by hand. The bean stalk is uprooted, 
dried, and then threshed by bamboo fl ail or by beating on a 
stone. After this the beans are sifted through a large bamboo 
basket and dried in the sun on matting for several days. They 

are then bagged for transportation to the oil mills. Under 
normal conditions the yield of oil beans is 200 pounds per 
mow (.2 acre), and the wholesale price is about $5 per 100 
pounds.
 “There are three classes of wholesale dealers in the 
domestic oil trade in Chinese producing centers–original 
importers with agents at the main mill centers, wholesalers 
acting either as agents of the above or representing the mills 
direct, and retailers dealing with the trade. Oil is retailed 
for cash. Bean, cottonseed, vegetable seed, peanut, sesame 
seed, and in a few cases wood oil, are sold to customers in 
brass containers made to hold the required weight. Needless 
to say, adulteration and under weight are practiced; but by 
dealing with certain reliable distributors it is possible to 
get honest weight and pure oil at a slightly advanced price, 
although even such dealers sell mixed oil at times as a better 
quality product. Bean oil is generally handled between 
Chinese ports in containers weighing 3 piculs, peanut oil 
in 2-picul and castor oil in 2 to 2½ picul containers. Oil 
for domestic consumption is a regular item of import from 
Manchurian mill centers and the price is advanced in winter 
when most of the Northern ports are icebound. Oil is sold 
wholesale to retailers on 20 days credit, but wholesalers 
deal with importers on a cash basis. Immediate and forward 
transactions are made and, in the case of the latter, 30 per 
cent deposit is required. Regular oil exchanges are held in the 
principal centers, and importers holding large stocks usually 
rule the market prices. The maximum variance in prices 
does not exceed 0.50 tael per picul. The uniform standard 
followed by all retailers is to increase the retail price 0.20 
tael per picul for every increase of 0.10 tael per picul in the 
wholesale price.
 “The present estimated production of Japanese oil mills 
is 90,600 long tons of vegetable oils annually, and is made 
up as follows: Soya-bean oil, 37,509 tons; cocoanut oil, 
27,542 tons; rapeseed oil, 17,848 tons; cottonseed oil, 6,433 
tons; and Peanut oil, 1,268 tons.
 “Seventy-fi ve per cent of this crush is made in the Kobe 
district and is handled by 25 oil mills, modernly equipped. 
Steamship lines centering in Japan bring copra for the 
cocoanut oil from Singapore, Java and the South Seas; 
soya beans from Dairen, Newchwang and Vladivostock; 
peanuts from Tsingtao and Tientsin, China; cotton seed 
from Gensan, Chosen (Korea), and Tsingtao and Shanghai, 
China; and rapeseed from Hankow and India. The oil and 
cake are shipped by the same steamship lines to all parts 
of the world.–Bureau of Foreign and Domestic Commerce, 
Circular of the Far Eastern Division.” [U.S. Department of 
Commerce, Far Eastern Div. 1919. Feb. 8].

555. Churchill, F.G. 1919. The soybean, an annual legume. 
Iowa Agricultural College, Extension Bulletin No. 68. 8 p. 
March.
• Summary: Contents: Introduction. The soy bean plant. 
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Varieties. Climatic adaptations. Soil. The seed bed. 
Inoculation: Soil transfer, soil and glue. Date and depth 
of planting. Soy beans with corn: For pasture, for silage. 
Soy beans for hay. Soy beans for seed. Soy beans for soil 
improvement (plow down plants when in blossom for green 
manure).
 The soy bean (also called “soja bean” or “soya bean”) 
was introduced into the United States as early as 1804, but 
it is only during the past ten years that it has become an 
important crop. Its chief use in the United States is as a feed 
for livestock.
 “Many favorable reports were received from the 800 
members of the Iowa Agricultural Experiment Association 
who raised soy beans in 1918 in cooperation with the Iowa 
Agricultural Experiment Station. Most of the members were 
well pleased with the results obtained where the soy beans 
were planted with corn for hogging down or silage purposes 
and stated that they intended to raise a larger acreage in the 
future.”
 “The purpose for which the crop is to be used will 
often be the deciding factor in choosing a variety. Table 
1 gives some of the characteristics of ten varieties of soy 
beans which have given very satisfactory results at the Iowa 
Agricultural Experiment Station. The ten varieties are: 
Black Eyebrow, Chestnut, Ebony, Ito San, Manchu, Mongol, 
Medium Yellow or Medium Early Yellow, Medium Green, 
Roosevelt, Wilson. For each variety is given: Shape & size of 
plant, shape, size & color of seed, maturity of plant in days, 
general remarks (best uses, e.g. Wilson: hay & silage; Ito 
San: Grain, hay, hogs).
 Table 2 shows yield of seed and hay of four soybean 
varieties (Ebony, Ito San, Medium Yellow, Medium Green) 
in four states (Iowa, Illinois, Indiana, Ohio). Table 3 shows 
“Average digestible nutrients in soy-bean hay compared 
with other important hay crops (cowpea, alfalfa, red 
clover, timothy), air-dry basis.” Table 4 shows “Average 
digestible nutrients in soy bean seed and other concentrates” 
(cottonseed meal, linseed meal {new process}, wheat 
middlings, wheat bran).
 Photos show: (1) A man wearing a hat standing in a fi eld 
of waist-high soy beans, which produced 3 tons of hay per 
acre. (2) A typical soy bean plant, uprooted.

556. Dickey, J.B.R. 1919. Soybeans, cowpeas and Canadian 
fi eld peas. New Jersey State College of Agriculture, 
Extension Bulletin No. 23. 23 p. March.
• Summary: The section titled “Soybeans” has the following 
contents: Introduction. Purposes for which soybeans may be 
grown: Hay, silage, soiling, pasture, grain, soil improvement, 
place in the rotation, catch crop. Growing the crop: Soil, 
fertilization, inoculation, time of sowing, manner of sowing, 
planting with corn, cultivation. Harvesting: For hay, for 
grain, threshing, care of seed. Varieties: Wilson, Virginia, 
Lexington, Peking, Sable, Ebony, Cloud, Black Beauty, 

Edna, Haberlandt, Mammoth Yellow, Tar Heel [Tarheel], 
Hollybrook (Hollybrook Early, Hollybrook Late), Tokio, 
Roosevelt, Mongol, Medium Yellow, Ohio 9035, Mikado, 
Austin, Morse, Swan, Guelph or Medium Green, Ito San, 
Chestnut, Early Brown, Manchu, Elton, Manhattan. Practical 
experiences of New Jersey farmers with soybeans.
 This Bulletin begins: “The most important problems of 
New Jersey farmers are the maintenance or increase of the 
organic content and nitrogen supply of the soil and, in the 
case of stock farming, the growing of more protein stock 
feeds. The rising prices of manure, nitrogenous fertilizers 
and protein feeds are bringing more acute realization of these 
problems and a pressing need for their solution. This solution 
lies essentially in the growing of a greater proportion of 
legume crops, which make feeds rich in protein and leave the 
land richer rather than poorer.”
 Photos show: (1) A large fi eld of soybeans, planted in 
rows, in Hunterdon County, 30 days after planting (p. 1). 
(2) “A good crop of soybeans drilled in rows, in Morris 
County, about 9 weeks after planting” (p. 5). (3) “Soybeans 
30 days old showing the root nodules (Courtesy of Delaware 
Agricultural Experiment Station)” (p. 11). (4) “Soybeans 
drilled in the row with silage corn–Salem County” (p. 
13). Address: Extension Specialist in Soil Fertility and 
Agronomy, New Brunswick, New Jersey.

557. Fellers, C.R. 1919. The longevity of B. radicicola on 
legume seeds. Soil Science 7(3):217-32. March. [8 ref]
• Summary: Table 5 (p. 226) shows “Results of 
bacteriological and vegetation experiments with soybean 
and alfalfa seeds treated with air-dry infected soil.” A note 
states that the soybean soil contained 14,000,000 B. radicola 
per gram. Storage periods range from 6 hours to 6 months. 
For soybeans, moist sterile seeds dusted with infected (with 
benefi cial bacteria) soil generally contained more bacteria 
and more nodules per plant than moist inoculated seeds 
dusted with air-dry soil.
 Table 8 (p. 230) shows that the addition of inoculating 
material to the soil produced more nodules per plant than 
where inoculated seeds alone were used.
 Summary (p. 231):
 “3. Soybean or alfalfa seeds inoculated with a nodule 
infusion retain viable organisms on their seedcoats 6 to 9 
months. Plants grown from these seeds had nodules on their 
roots, showing that the bacteria had not lost the infecting 
power.
 “4. The soybean and alfalfa nodule organisms seem to 
be able to withstand nearly the same degree of desiccation.
 “5. The shortest period of time, i.e. 5 minutes, that the 
seeds were kept in contact with the inoculant gave nearly as 
good results as longer periods of contact.”
 “7. Infected dry soil, dusted upon moist seeds, gave 
better results than sterile, dry soil dusted upon moist 
inoculated seeds. The seeds inoculated with soil did not 
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retain B. radicola longer on their coats, neither did the 
plants have a greater number of nodules, than where nodule 
infusion or commercial cultures were used.
 “8. Commercial cultures, when used to inoculate 
soybeans or alfalfa, give as good results as nodule infusion.
 “9. In general the number of bacteria per seed and the 
number of nodules per plant did not correlate closely.
 “10. It appears that but an exceedingly small percentage 
of the cells present on a seed are able to produce nodules 
on the roots of the seedling. This ratio may be as narrow as 
1:1,000,000.” Address: New Jersey Agric. Exp. Station.

558. Haas, A.R.C.; Fred, E.B. 1919. The effect of soybean 
germination upon the growth of its nodule-forming bacteria. 
Soil Science 7(3):237-45. March. Two plates at end. [16 ref]
• Summary: This article begins: “The study of the infl uence 
of plants upon soils is becoming quite as important as that of 
soils upon plants (Lyon 1918).”
 The authors investigated whether or not the secretions, 
which accompany the germination of legume seeds, have 
an injurious effect upon the growth of the nodule-forming 
bacteria with which the seed have been inoculated.
 “Summary: It has been found that in studying the effect 
of soybean seed germination upon the growth of its nodule 
bacteria it is not permissible to use mercuric chloride as a 
sterilizing agent In studies upon yellow soybean germination, 
it has been shown that the germination of the seeds favors 
growth of the bacteria. When bacteria-free soybean seeds 
were obtained directly from the pods and inoculated with 
soybean bacteria, no toxic action of substances excreted from 
the germinating seed upon the growth of the nodule bacteria 
was observed.” Address: Wisconsin Agric. Exp. Station.

559. McQueen, Jacob. 1919. Alfalfa, soy beans, sweet 
clover. National Stockman and Farmer 43(1):9. April 5.
• Summary: One reader (O.F., from Tuscarawas county, 
Ohio) writes to ask: “When soy beans are wanted for hay 
is it best to drill them solid like small grain or sow in rows 
to be cultivated? How much soy-bean hay per acre would 
you expect this fi eld to produce? Aside from their value in 
enriching the soil will I fi nd soy beans a more profi table crop 
than corn?”
 Answer: “I prefer to drill soy beans solid when I wish to 
harvest for hay; it makes more than when planted in rows... 
Sow 1¼-2 bushels good seed and harvest 2-4 tons of hay that 
is equal to bran. I fi nd soy beans more profi table on our farm 
than corn, although I want enough corn to fi ll the silo... You 
should inoculate all your seed and use plenty of 16 per cent 
acid goods.” That means use plenty of phosphate.
 Another reader (C.D. from Pennsylvania) asks: “How 
deep should soy beans be covered when drilling for hay?” 
Answer: “Soy beans should never be covered over one-half 
inch deep.”
 Note: A large (½-page) ad on this page (but unrelated to 

this article) shows the Moline Universal Tractor, plowing, 
discing [disking], cultivating, and with a new 10 foot grain 
binder. Contact Moline Plow Co., Moline, Illinois. Soybeans 
are not mentioned in the ad. Address: Tuscawaras County, 
Ohio.

560. Mathews, I.J. 1919. Planting facts about the corn-soy 
bean combination. Hoard’s Dairyman 57(13):663. April 18.
• Summary: This letter to the editor states: “The soy bean 
and corn combination has fi rmly established itself in this 
section of the country and the state... the corn and soy bean 
silage is excellent for beef cattle and makes the best kind 
of combination for hogging down purposes, not to mention 
the soil building value of the beans. Over twelve hundred 
acres of the corn and soy bean mixtures were planted in this 
county last year and it will this year undoubtedly reach the 
six thousand-acre mark.”
 Last year, fi ve different methods of planting were tested; 
each is described briefl y, with its pros and cons. “5. The 
only really satisfactory method of planting soy beans with 
corn is to get an attachment for the planter so that one can 
sow the corn and soy beans and fertilizer all at the same 
time across the fi eld.” “Soy beans must be planted shallow–
preferably not over an inch deep. When planted two or three 
inches deep, there will be much vitality of the bean spent in 
trying to get up through the ground and should there come a 
dashing rain, the plant will be unable to rear its cotyledons 
through the hardened soil.”
 “Concerning inoculation, scattering dirt over the fi eld 
is too irksome... and often scatters weed seeds...” A better 
way is to “dissolve two ounces of powdered furniture glue 
in a quart of water. Now put this solution into a quart hand 
sprayer. Sweep the granary fl oor and put the beans down on 
the fl oor. Sift on a quart of inoculated earth for each bushel 
of beans... While one man sprays on the glue solution, 
another shovels over the mass of beans and earth until every 
bean is dirty. A quart of the solution will treat about 3 bushels 
of beans...”
 “In planting, do not plant too thick with corn. From two 
to three beans in a hill is plenty and will provide as much 
growth as fi ve or six.”
 “There is no question but that soy bean silage is superior 
to straight corn, just how much no one is yet able to say 
accurately. Wherever corn will grow, there soy beans should 
grow also. In this section, the Holly Brook is preferred for 
planting with corn intended for the silo. If the corn is to be 
hogged down, the Ito San or Early Brown are a little better 
as they ripen a few days earlier.” Address: Pulaski County, 
Indiana.

561. Kenyon, E.T. 1919. Soybeans for soil improvement 
(Letter to the editor). Ohio Farmer 143(16):631. April 19.
• Summary: For the past 8 years the writer has grown 
soybeans and compared them with other legumes such 
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as cowpeas, etc., but has he found nothing as good as the 
soybean for building up land, ease of handling, and for use as 
a feed. Gives details of his various methods of inoculating, 
planting, and harvesting soybeans. Wheat grown after 
properly inoculated soybeans (whose roots are covered with 
nodules) was sometimes 4 inches taller than usual.
 “More cowpeas than soybeans are grown here but I will 
venture to say that after growing one crop of soybeans it 
will be hard to get any man to try cowpeas again. One great 
advantage is the ease with which soybeans can be handled. 
They do not vine and can be handled easily with fork or hay 
loader, or even can be cut with the wheat binder and shocked 
as wheat in which way they can be cured fi ne.
 “In handling, if cut with a mowing machine, they should 
be raked into windrows while damp from morning dew and 
let cure and dry. In this way there is no loss of leaves which 
would occur if handles and raked while too dry. The curing 
may be extended to the mow where beans are stored by 
placing in a rail or pole now and then to let air to the center 
of the mow. I have fed soybean hay and corn fodder to my 
cattle and while on that feed they need nothing more to keep 
them growing and in fi ne condition.
 “For land upbuilding, ease of handling and as feed I 
have found nothing as good as the soybean. I have always 
used the Mammoth Yellow here, but in other sections other 
varieties may do better. That would be determined somewhat 
by the growing season.” Address: Adams County, Ohio.

562. Kloser, Frank J. 1919. Soy beans with corn for silage. 
Wallaces’ Farmer 44(17):946. April 25.
• Summary: Discusses the advantages of growing soybeans 
with corn for silage and the best varieties for the purpose. 
“The growing of soy beans with corn for silage purposes 
is becoming more popular each year. Results indicate that 
under normal conditions the beans do not reduce the yield of 
corn, while some farmers secured the best corn where beans 
were planted in the same hills, especially so if the beans 
were inoculated.” A photo shows a man standing in a fi eld 
of cowpeas and tall corn. Soy beans have a less rank growth. 
Address: Iowa Agricultural College.

563. Mathews, I.J. 1919. The corn-soybean combination: 
What Corn-Belt farmers think of the home balanced ration. 
Ohio Farmer 143(17):669-70. April 26.
• Summary: Contents: Introduction. Rate of seeding. 
Relation of inoculation to soil type. Inoculation. How to 
plant (use a corn planted with a soybean attachment). What 
variety? How much is the corn injured? Pigs balance corn 
with soybeans. The silage very palatable. Stray thoughts.
 The article begins: “Perhaps no crop has become so 
popular in such a short space of time as the soybean. A few 
years ago it was unheard of and today it bids fair to establish 
itself upon every farm in the Corn Belt.” It is popular as 
silage, for hogging down with corn, and as a soil improver. 

“In 1917, three men in this county grew soybeans with their 
corn–a total of 45 acres. Last year, 60 men that I knew tried 
the combination in their corn and they had out an area of 
more than 1,200 acres. This year the area will be increased to 
6,000 and many farmers are going so far as to say that they 
will never again plant corn without soybeans, even tho they 
get only the soy building value from the soys.”
 Gives the results of a questionnaire sent out to 44 
farmers (36 came back answered) on the corn-soybean 
combination. The 11 questions are directly related to the 
contents, shown above. All but two of those replying planted 
the Hollybrook variety; one planted Ito San and another 
Early Brown. For planting with corn, Hollybrooks is clearly 
the best.
 Photos show: (1) Two horses pulling a piece of farm 
equipment, with a man seated on top. (2) Three teams of 
mules, with four mules in each team, each pulling a farmer 
seated on disking equipment. Address: Pulaski County, 
Indiana.

564. Cauthen, E.F. 1919. Grow more soy beans: A great crop 
that is destined to grow in popularity–How to succeed with 
them. Progressive Farmer (The) (Raleigh, North Carolina) 
34(18):787. May 3.
• Summary: Contents: Climate and soil requirements. 
Fertilizers for soy beans. Inoculation. Preparation of land. 
Planting soy beans. Cultivation. Harvesting. Threshing and 
storing seed.
 Concerning harvesting: “If the pods are left on the plants 
to get completely ripe, the seed shatter badly when harvested 
with binder or mower; but if the seed is to be harvested with 
a special soy bean harvester, the plants should stand until the 
pods become thoroughly ripe.”
 “The special bean harvester, of which there are several 
now in use, has revolving arms working in a large box, 
which is mounted on wheels and drawn by two horses; while 
the machine is passing over a row, the revolving arms strikes 
the plants and knock out the ripe beans, which are caught in 
the box. A team and two men harvest about fi ve or six acres a 
day. The harvester is not started in the morning until the dew 
dries off. When such a machine is used, probably 20 per cent 
of the crop is shattered on the ground, or is left on the plants. 
When such is the case, hogs should be permitted to run in the 
fi elds and gather them.”

565. Cauthen, E.F. 1919. The soy bean as a soil improving 
crop: In addition to its great feed value, the soy bean ranks 
among our best soil improvers. Progressive Farmer (The) 
(Raleigh, North Carolina) 34(19):808. May 10. [1 ref]
• Summary: Contents: Introduction. Effect of a crop of [soy] 
beans and corn on cotton. Fertilizing effect on a following 
hay crop. “The importance of the soy bean as a nitrogen-
gatherer and a soil improvement crop is scarcely less than 
that of the cowpea. It not only adds nitrogen to the soil, but 
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it greatly improves the physical condition of the land and 
increases the chances for the next following crop.”

566. Smith, William C. 1919. Soy beans with corn: Why 
farmers should grow them for the soil’s sake. Country 
Gentleman 84(20):48, 50. May 17.
• Summary: “So much has been written about the soy bean 
that every farmer ought to be familiar with it. And every 
farm ought to grow it, for the soil’s sake if for nothing else. 
Soy beans, properly inoculated, ought to be sown with 
every acre of corn grown anywhere in our country, for the 
one reason alone that they will put back into the soil more 
nitrogen than the corn crop consumes in its growth, and then 
the grower has the additional advantage of producing two 
crops where he grew but one before.”
 Soy bean seed, planted 12 pounds to the acre, costs only 
about $1.20/acre at the present price. On July 27 last year, 
Smith fi nished planting Early Brown and Ito San varieties. 
Both thoroughly matured their seed before the fi rst frost. 
But he made the mistake of not disking the fi eld in opposite 
directions, so he had too many weeds with the crop. Yet not 
one per cent of the beans shattered out of their pods. North 
of the Ohio River, Hollybrook can also be grown for seed. 
Mammoth Yellow should be grown in the South.
 “In harvesting for seed those I planted with the corn 
planter I mowed them in a mowing machine and did not 
fi nish until late in November, yet but few of the pods 
shattered their seed. At the time of mowing they were dry 
enough to rake into windrows and thresh. The threshing was 
done with a pea viner; threshing can be done with a threshing 
machine or a fl ail. When the threshing machine is used some 
of the concaves must be removed and the machine run as 
slowly as possible, or the beans with be broken. It is better 
that the threshing be done in rather damp weather, provided 
that care is taken thoroughly to dry the beans before sacking 
them or putting them in a tight bin.
 “Harvesting with a self-binder used to be practiced with 
us, but it was found that if the beans were not thoroughly 
dry or ripe at the time of harvesting they would spoil in 
bundle and shock and make inferior seed. The method now 
generally followed is to cut the beans with a mower or self-
rake mower, when fully matured–that is, when the plant has 
shed all its leaves and the pods are brown–and then to let 
them lie on the ground until threshing can be done. By this 
method some beans will shatter out; but they need not be a 
loss, for hogs can be turned into the fi eld after the main crop 
has been removed.” Photos show: (1) “The cheapest hired 
man on the farm [hogs] harvesting the corn and soy bean 
crop.” (2) Heavy crop of soy beans growing with corn.
 Note: This is the earliest document seen (Jan. 2003) 
that mentions the word “viner” or the term “pea viner” in 
connection with soybean production or harvesting.

567. Mathews, I.J. 1919. More soybean questions. Ohio 

Farmer 143(22):851. May 31.
• Summary: “From the number of questions concerning 
soybeans, there must be more than a passing interest in this 
crop.” The author answers the following questions: 1. “Is it 
better to use acclimated seed grown in one’s locality?” Yes. 
2. “Would you advise planting soybeans intended for hay by 
broadcasting them?” No. 3. When should soybeans intended 
for hay be sown? 4. “Are soybeans quite free from insect 
troubles?” Yes. 5. “In using commercial inoculation, will 
soaking the beans in the solution for 15 minutes cause their 
skins to come off?” Yes.
 6. “Do you think a patch of soybeans for seed would 
be profi table this year?” Yes. 7. When everybody grows his 
own seed, as they no doubt will in two or three years, do you 
think there will be any more market for soybeans?” Yes. 8. 
“Is it advisable to use soybeans as a green manure crop and if 
so, when ought they to be turned under?”–Ans: “Soys make 
an excellent green manure crop, but it is scarcely advisable 
to use them in this way. They are worth more for other uses 
and their fertilizing value can be placed in the soil at less 
expense with commercial fertilizers and manure. If they are 
turned under, by all means do it early–not later than August 
1,...”
 9. “Do you think soybean growing is a fad, soon to die 
out?”–A soon die out?”–Ans: “The soybean has suffi cient 
merit to put it out of the fad class.” Address: Pulaski County, 
Indiana.

568. Bulletin Mensuel des Renseignements Agricoles et des 
Maladies des Plantes (Rome). 1919. Effets de l’inoculation 
et de la fumure sur le rendement en graines, leur composition 
et la formation des nodosités, chez le soya [Effects of 
inoculation and of fertilizer treatment on the yield of seeds, 
their composition, and nodule formation of soybeans 
(Abstract)]. 10(5):580. No. 575. May. [1 ref. Fre]
• Summary: A French-language summary of the following 
English-language article: Fellers, C.R. 1918. “The effect of 
inoculation, fertilizer treatment, and certain minerals on the 
yield, composition, and nodule formation of soybeans.” Soil 
Science 6(2):81-119. Aug.

569. Fred, E.B.; Graul, E.J. 1919. Effect of inoculation and 
lime on the yield and on the amount of nitrogen in soybeans 
on acid soil. Soil Science 7(6):455-67. June. [2 ref]
• Summary: “In many parts of this state [Wisconsin] the soil 
is so low in calcium carbonate that the growth of alfalfa, or 
even clover, is almost a total failure (Fred & Graul 1916). If 
the organic matter and nitrogen supply of these acid soils is 
to be maintained or increased, it is essential that leguminous 
crops be grown. Fortunately, there are certain legumes which 
are more tolerant of soil acidity than alfalfa and clover. Chief 
among these plants which may be of value in Wisconsin are 
soybeans, vetch, serradella and lupines.
 “As a soil builder the soybean has few equals. If grown 
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in company with the nitrogen-fi xing bacteria of the roots, 
this plant will absorb large amounts of nitrogen from the air. 
In other words; soybeans through the efforts of the bacteria, 
feed heavily upon the air nitrogen instead of upon the soil 
nitrogen (Fellers 1918). For the farmer on the light soils 
this property of the soybean is of great value. In the state of 
Wisconsin it is particularly important that soybeans be given 
a fair trial since it has been shown repeatedly that this plant 
will thrive in a soil which is moderately acid.
 “Several tests have been carried out with these crops 
on soils of varying reaction. The results of the work with 
soybeans are reported in this paper. In order to avoid 
confusion the technical information is given in simplifi ed 
form.
 “The experiments reported in this paper were planned 
to study the infl uence that additions of limestone with and 
without inoculation with nodule bacteria exert upon the yield 
and composition of soybeans. In connection with this work 
the changes in the nitrogen supply of the soil were studied 
carefully.
 “Tests were carried out with soybeans on two important 
soil types–Plainfi eld sand and Colby silt loam. The results 
of both pot and fi eld tests are included in this paper. In one 
pot test it was possible to make a complete nitrogen balance, 
i.e., to determine the amount of nitrogen in the soil at the 
beginning, and at the end, the amount in the crops, in the 
planted seed, and in the added water.”
 “Summary: It is noteworthy that in every test the 
percentage of protein in the tops was higher in the case of the 
nodule-bearing plants than with the plants free of nodules. 
Although the absence of the nodule bacteria renders it 
impossible for the soybean plant to utilize the nitrogen of the 
air, the effect is not always apparent. In parts of Wisconsin, 
soybeans will produce large crops in the absence of the 
nodule bacteria, but in such cases, the entire nitrogen supply 
of the plant is taken from the soil. Inoculation of soybeans 
grown on Sparta sand increased the yield of dry matter: 
The yield was further increased when inoculation was 
supplemented by an application of lime. Suffi cient lime to 
neutralize one-half of the active soil acidity was suffi cient to 
produce maximum yields. The percentage of nitrogen in the 
crop and the total amount was increased by inoculation.
 “The crops grown on the sand from Hancock yielded 
better when inoculated than when uninoculated. In fact, 
inoculation was more effective in increasing the yield than 
was lime. Lime in small amounts and inoculation together 
produced the best yields.
 “The nitrogen content of those crops which were 
inoculated was considerably higher than that of the 
uninoculated crops. When the crops are not inoculated all 
of the nitrogen is drawn from the soil, but when the proper 
bacteria are present a large proportion of the protein nitrogen 
is drawn from the air.
 “When the entire crop is removed from the soil, leaving 

only the roots and stubble, there will be less nitrogen in the 
soil than there was before the crop was grown, but if the crop 
is turned under as a green manure, if properly inoculated, it 
will add large quantities of nitrogen to the soil.
 “Inoculation was not as effective on the Colby silt loam 
as on the sandy soils in increasing yields, but infl uenced the 
percentage of nitrogen, and consequently the total amount in 
the crop.
 “Soybeans if properly inoculated will utilize nitrogen 
from the air and thus enrich the soil, provided the crop 
residue is returned to the soil. It is not necessary to plow 
the crop under if the crop is fed on the farm. The manure 
can be returned to the soil, and in this way be utilized in the 
improvement of the land. Small additions of limestone to 
acid soils render the inoculated soybean plant more active 
in absorbing air nitrogen.” Address: Depts. of Agricultural 
Bacteriology and of Soils, Univ. of Wisconsin.

570. Cates, J. Sidney. 1919. Victory for the soys: The 
experimental crop of a few years ago has become a staple. 
Country Gentleman 84(33):10, 40-41. Aug. 16.
• Summary: Contents: Introduction. A good poor-land crop 
(“The forage is valuable for hay, for green manure and for 
silage”). The inoculation test. A substitute for sky-high 
[expensive] manure. New varieties do not shatter (In a 
variety resembling Medium Green “the shattering trait has 
been entirely eliminated).”
 Photos show: (1) A man standing in a fi eld where 
splendid growth of soybeans has occurred between rows of 
corn. (2) Soy bean root tubercles.

571. Stemple, F.W. 1919. Soybean experiments. West 
Virginia Agricultural Experiment Station, Bulletin No. 172. 
19 p. Aug.
• Summary: Contents: Summary. Introduction. Varieties. 
Soybeans vs. cowpeas for hay. Soybeans and other plants 
grown in combination for hay. Seeding. Time to cut soybean 
hay. Immediate effect of lime on soybean yield.
 “Experiments in the production of this important crop 
were started at the West Virginia Experiment Station in 
1912... The work on soybeans from 1912 to 1916 was done 
under the direction of I.S. Cook and W.B. Kemp... Soybeans 
are rapidly becoming a very important crop in West Virginia 
agriculture. In fact the statement that the soybean is ‘the West 
Virginia legume’ is quite true. The clover acreage in this state 
is declining very rapidly because of the inability on the part 
of our farmers to grow clover. Soybeans are not affected by 
many conditions unfavorable to clover and consequently 
they are being grown instead. From reports made by county 
agricultural agents the following very conservative estimate 
of soybean acreage in this state is given, from which some 
idea of the growth in popularity of the crop can be gained.
 “1916–3,500 to 4,000 acres.
 “1917–6,000 to 10,000 acres.
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 “1918–12,000 to 18,000 acres.
 “1919–15,000 to 22,000 acres.”
 There are several methods used for inoculation of 
soybeans: The pure culture method and the soil method. “The 
pure culture method is rapidly growing in popularity and this 
method can be highly recommended. The Government, to a 
limited amount, will furnish free inoculation. Write the U.S. 
Department of Agriculture, Bureau of Plant Industry, Soil 
Bacteriology Investigations, Washington, DC, for particulars. 
All good seedsmen sell this material in any quantity desired.”
 Photos show: (1) A fi eld soybeans ready to cut for 
hay, with the pods well fi lled (front cover). (2) Soybean 
varieties on the West Virginia Experiment Station Farm. 
(3) Soybean root nodules. Many tables include descriptive 
data on soybean varieties, and soybean hay. Address: M.S., 
Agronomist, Agronomy Dep., Morgantown.

572. Atlanta Constitution (Georgia). 1919. Farm department: 
Inoculation of alfalfa, lime. Sept. 28. p. A15.
• Summary: A.E.K. of Tennessee writes: Soils “that have 
grown cowpeas seem to be fully inoculated for the soybean 
or for the velvet bean.”

573. Lacey, James. 1919. Soil and soy beans. Hoard’s 
Dairyman 58(16):700. Nov. 7.
• Summary: Mammoth Yellow and Ito San are the two 
principal varieties on which information was secured. Very 
few of the smaller and earlier maturing varieties, such as 
Wisconsin Early Black, were sown.
 “The Mammoth Yellow, when planted with corn, gave 
good results only on the lighter or sandy soils. On these types 
of soil good stands were reported in nearly all cases...”
 “In every known instance, inoculation of the seed gave 
good results. The prepared culture, which is manufactured 
by the Bacteriology Department of University of Wisconsin, 
was used. The nodules produced were large and numerous...”
 “Numerous farmers have attributed the failure of the 
Mammoth Yellow on heavy soil to inherent lack of vitality 
in this particular variety. Others have voiced the opinion 
that this year’s seed was seed which had been stored for 
some time, and had lost its viability. The results which were 
secured would lead one to believe that the former reason 
is the more plausible. In the lighter soils which warm up 
much earlier in the season and which produce much more 
favorable growing conditions, the beans did very well, 
while they failed to give a high percentage of germination 
in the colder and heavier clays. In some cases, even after 
germination, the Mammoths failed to push their way to 
the surface. Apparently they lacked the reserve plant food 
necessary to keep the young plants alive until they had 
become independent in growth. Whatever the reason for the 
low percentage of growth may be, this large variety of bean 
will not become widely popular until a more dependable 
quality of seed has been secured.”

 Photos show: (1) A man standing in a fi eld to show 
height that some Mammoth Yellow soy beans attained 
on sandy soil–over 5 feet. (2) Men standing in a fi eld of 
Mammoth Yellows in corn on the farm of Walter Frost, 
Wisconsin. Address: Wisconsin.

574. Le Goff, Jean. 1919. Le soja: Un aliment précieux pour 
diabétiques [The soybean: A valuable food for diabetics]. 
Gazette des Hopitaux 92:1120-21. Nov. 18-20. [3 ref. Fre]
• Summary: “In two preceding articles in this journal (22 
May 1910 and 7 March 1911) I have called attention to the 
use of soya in diabetic diets, I have demonstrated that it is 
to cultivate this plant in France, and I am hopeful that some 
day there will be interest in cultivating the soybean as a 
garden vegetable.” In the United States the soybean is being 
introduced to many states under the direction of Mr. W.J. 
Morse, who has also written various bulletins dedicated to 
the study of the soybean, its cultivation and usage.
 From the viewpoint of food, the soybean has been 
neglected up until the present. However I noticed in the New 
York Herald (May 1916) the name of this seed among the 
substances that the Germans have fed to our poor prisoners 
of war. And these soybeans came from France!
 “Here, in effect, is what one reads in the Journal de 
Genève on Thursday, 10 August 1916, page 6, 1st edition. 
“Export of soybeans.” Berne (Switzerland): “The Nouvelle 
Gazette de Zurich, in its issue no. 1238, has published the 
following note: ‘We have said that Mr. G. Liechti, in Zurich, 
is the importer from France of 2,000 railway cars (wagons) 
of soybeans. At a later date, these soybeans were re-exported 
to Germany. He submitted to us the fi le of this case in which 
the press took such great interest.’” Note: These soybeans 
were probably not grown in France (or even Europe), but 
rather imported to France from East Asia.
 “We would like to know what the role of our Minister of 
Blockade (Ministère du Blocus) has been in this affair, which 
I brought to their attention.
 “Food uses of the soybean.–The soybean can be used in 
either the dry or fresh state. To date, it has been used only in 
the dry state in Europe: (1) As a fl our, with which one can 
make biscuits, pastries, and bread. (2) As an edible oil. (3) As 
a vegetable milk with which one can make a cheese [tofu], 
that can be consumed fresh, dry, smoked, or fermented. (4) A 
coffee substitute, after roasting.
 “In the fresh state, the soybean is rarely used because 
agriculture does not take enough interest in this plant, 
which not only fertilizes the soil by fi xation of atmospheric 
nitrogen, but also furnishes forage and an edible seed of 
the fi rst order. This is the vegetable of choice for those with 
diabetes mellitus.” Soybeans harvested fresh in France are 
very easy to cook–quite unlike dry soybeans. A table shows 
the chemical composition of 3 samples of dry soybeans.
 Two photos by Dr. Le Goff show: (1) A mature soybean 
plant with pods, harvested in the suburbs of Paris; it bears 38 
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pods containing 90 soybean seeds. (2) A portion of the roots 
of a soybean plant with nodules. Address: Dr.

575. Justice, J.L. 1919. The moisture problem (Letter to the 
editor). Ohio Farmer 144:691. Dec. 6. [1 ref]
• Summary: The writer comments on an article by Prof. Bear 
in the last issue of Ohio Farmer on the subject of inoculation 
and moisture requirements when soybeans are grown with 
corn. “We have grown the corn-soybean combination for a 
number of years, for hogging down, siloing and just to have 
the soybeans in the corn for the benefi t of the nitrogen fi xed 
in the soil...”
 “We have grown the corn-soybean combination for a 
number of years, for hogging down, siloing and just to have 
the soybeans in the corn for the benefi t of the nitrogen fi xed 
in the end, and I have had an opportunity of watching them 
under various conditions. In one small fi eld the combination 
was grown for three years in succession. It was on soil that 
had never been abused by such steady cropping before. The 
beans were planted about four in a hill of corn. The yield and 
quality of the corn all three years was as good (and better 
in the third year) as corn grown alone on the rest of the 
farm. The inference here is that the results secured from the 
bacteria working on the soybean roots are more noticeable 
the year after the soybeans are grown, but at no time did 
the corn in the three seasons seem to suffer from a lack of 
moisture due to the soybeans growing with them. It would 
certainly have been evident, for corn was grown adjoining 
the fi eld, on one side at least, every year.
 “Out of the 115 acres of corn we had this year (1914) 40 
acres were planted to the corn-soybean combination; more 
would have been planted but for the refusal of the attachment 
on one planter to work. Because of the extremely dry 
summer, I expected the soybeans to rob the corn of moisture, 
but there was no sign of it indicated anywhere.
 “What surprised me most was that the tables were just 
turned; the corn was robbing the soys. The soys, adapted to 
such conditions and showing fi ne inoculation, were short, did 
not carry such heavy foliage and were not so sturdy. Perhaps, 
I should not have noticed this so much had there not been 
growing on one end of a 30-acre fi eld of the combination 
crop about 20 rows of soybeans, planted by themselves. The 
latter were fi ne, big vines and full of heavy foliage, with a 
good crop of beans. Both were planted and tended the same 
way, but it was evident the corn was retarding the growth of 
the soybeans and yet the corn did not seem to be suffering 
from a lack of moisture any more than corn planted nearby 
alone. It is making now, at shucking, between 70 and 80 
bushels per acre.
 “This year we have a 25-acre fi eld of corn that followed 
soybeans. The soybeans, threshed last year, made a luxuriant 
growth, were harvested in the early fall and the vines and 
leaves were put back on the fi eld in January of this year. 
Certainly there was no greater prospect for corn than this 

season’s crop offers. The ears are large and round, and one 
man brings in a 40-bushel load twice a day, shucking at the 
rate of about an acre a day. It must be remembered that none 
of this land is run down tho some of it has been tilled nearly 
a hundred years. It is black and clay mixed, and special 
care is taken to preserve the moisture thru proper tilling. 
It takes a good deal of moisture to grow the corn-soybean 
combination, and it is up to the farmer to help provide it, so 
far as within his means, by proper preparation. It is a thing 
worth our time to study out in practice, for the soybean has 
found a place on our farms.” Address: Cass County, Indiana.

576. Park, J.B. 1919-1920. The soybean. Ohio State 
University, Agricultural Extension Service, Bulletin 15(11):1-
4.
• Summary: Contents: Uses, soil and climatic requirements, 
inoculation, time of seeding, manner and depth of seeding, 
need for moist seedbed, planting with corn for silage and 
hogging, effect of soybeans on corn yields when the two 
are planted together, harvesting for hay and seed, threshing 
methods, and varieties (for seed, hay, silage and hogging). 
Photos show: A fi eld of soybeans on the Ohio State 
University Farm. Soybean plant, showing an abundance of 
seed pods. Address: Dep. of Farm Crops, Ohio.

577. Calvino, Mario. 1919. La soya [The soybean]. Informe 
de la Estacion Experimental Agronomica (Santiago de las 
Vegas, Cuba). p. 98-103. For the years 1917-1918. [1 ref. 
Spa]
• Summary: This report, which describes the fi rst soybean 
experiments in Cuba, begins by discussing the composition 
of the seed, and its various uses in China, Japan, and Europe 
(including for manufacture of soaps and as a drying oil 
in paints, and as foods such as whole dry soybeans, soy 
coffee, roasted soybeans [soynuts] {“Se comen también 
tostados...”}). In China they are sprouted in darkness and 
the white sprouts, up to 3 cm long, make an excellent green 
vegetable.”
 Note. This is the earliest Spanish-language document 
seen (Jan. 2013) that mentions soy sprouts, which it calls sus 
gérmenes blancos. From soybeans the Chinese also make a 
special soy cheese (un queso especial), a type of milk (una 
especie de leche), and other drinks. The author then states: 
“We thought it would be useful to test varieties of soya 
suited for hot/tropical countries, and we were able to obtain 
two types of Japanese soybeans, those that gave satisfactory 
results without having been inoculated.
 “Since these soybean types did not fi nd suitable 
bacteria for the purpose of being inoculated naturally in 
our terrain, I asked the Mulford house (casa de Mulford) 
for a special bacterial strain for soy (Soya) and proceeded 
with the artifi cial inoculation of the seed. The result has 
been magnifi cent, as one can see in the accompanying 
photographs.
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 “Now we have inoculated land, with which we have 
been able to ensure the most success for our crop. The 
harvest [yield] during this fi rst year in Cuba was 2,000 kg/
ha of seed. We have also found that it is best to cultivate soya 
in rows 60 cm apart, with the seeds planted 10 cm apart in 
each row. This is very dense planting, but it is better to thin 
the plants than to transplant in others to get the desired plant 
density. Transplanting is often unsuccessful, and if a crop is 
not planted evenly the fi rst time, it is diffi cult to make it even 
later by transplanting.
 “I have had a chemical analysis done of the soybean 
seeds from our crop. The report prepared by the Department 
of Chemistry shows that they contain 10.4% water, 41.95% 
protein, 17.5% oil, 2.45% carbohydrates, 2.5% fi ber, and 
5.2% ash. The analyst was F. Dominguez.” An analysis 
is also given of assimilable or digestive elements in the 
soybean from a book by R. Gouin titled Alimentation 
rationelle des animaux domestique [Rational feeding of 
domestic animals]. Three full-page photos show soybean 
plants: (1) Root nodules on a soybean plant grown in Cuba 
without the use of inoculant (p. 99). (2) Two soybean plants 
grown at the agronomic station that contain many pods 
(p. 101). (3) Four soybean plants with roots; two were 
inoculated and bear nodules (p. 103).
 Note 1. This is the earliest Spanish-language document 
seen that refers to soynuts. Note 2. This experiment station 
is under the Secretary of Agriculture, Commerce and Labor 
(Secretaria de Agricultura, Comercio y Trabajo). This 515-
page report is published in Havana by Alvarez López y Cie. 
Address: Director, Estacion Experimental Agronomica, 
Doctor en Ciencias Agricolas de la Universidad de Pisa 
[Italy].

578. Hoffman (A.H.), Inc. 1919. Hoffman’s Farm Seeds 
(Mail-order catalog). Landisville, Pennsylvania. 32 p. 25 cm.
• Summary: A photo on the front cover shows three men 
piling hay onto a wagon pulled by two white horses. The 
section titled “Soy beans” (p. 22-24) discusses: Introduction 
(alternative to expensive protein feeds). Our stocks of soy 
beans (excepting Mammoth Yellows). Facts about soy 
beans. How to grow soy beans (nine points). Varieties: 
Wilson Blacks (“This is deservedly the most popular Soy 
Bean.” Yields 20-30 bushels/acre), Ito San (This new, early 
yellow-seed variety has been improved by “years of seed 
selection on the Johnson Brothers’ Farms.” Note: Probably 
E.F. “Soybean” Johnson and Elmer Solomon Johnson of 
Stryker, Williams County, Ohio), Medium Green (“Our 
‘Medium Greens’ have been greatly improved by the 
Johnson Brothers, who grow them successfully in Northern 
Ohio.” Shattering problems have been largely overcome.), 
Early Brown, Mammoth Yellow (will not mature beans 
in Pennsylvania or Ohio), mixed soy beans (a mixture of 
different varieties). An illustration shows the leaves and pods 
on a soy bean plant. Photos show: (1) Soy beans growing in 

corn for use as silage. (2) A fi eld of Wilson Black soy beans. 
(3) Close-up of Wilson Black soy bean seeds. (4) Harvesting 
soy beans for hay.
 Page 32 is about “Farmogerm–The standard 
inoculation,” and rates of seeding: Soy beans (Broadcast) 
60-90 lb/acre. Soy beans in drills 20-30 lb/acre. There are 
60 pounds per bushel. An ad on the inside back cover, titled 
“If you grow your own seed you need a ‘Clipper’ cleaner,” 
shows photos of two models of this seed cleaner (Nos. 1-B 
and 2-B) and a cross sectional diagram of how the cleaner 
(made by A.T. Ferrell & Co., Saginaw, Michigan) works. 
The parts are: Shoe, straw-spout, screening spout, vertical air 
shaft, dust hood, and fan. It contains screens for many types 
of seeds, including soy beans.
 Location: Bailey Hortorium, Mann Library, Cornell 
University, Ithaca, New York. Address: Landisville, 
Lancaster Co., Pennsylvania.

579. Lipman, Jacob G.; Blair, Augustine W. 1919. Report 
of the Department of Soil Chemistry and Bacteriology. New 
Jersey State Agricultural Experiment Station, Annual Report 
39:179-92. For the year ending June 30, 1918. See p. 189-93. 
[3 ref]
• Summary: The section titled “The infl uence of lime upon 
the yield of dry matter and nitrogen from different varieties 
of soybeans” (p. 189-93) examines the infl uence of lime 
on the number of nodules and the percentage of nitrogen 
when soybeans are harvested for hay, found in New Jersey 
that the average yield of dry matter from 12 plants from the 
limed plots was 84.4 gm and from the unlimed plots was 
46.5 gm. The percentage of nitrogen in the dry matter was 
0.25% higher for the limed than for the unlimed plots. On the 
limed plots an average of 85 nodules per plant was found, 
compared with only 37 nodules on the unlimed plots. Of 
six varieties grown to maturity on both series of plots, all 
gave higher yields of soybeans and straw on the limed plots, 
the average increase being 5.5 bushels of beans and 800 
lb of straw. Plants harvested for forage showed an average 
nitrogen content in the tops of 3.08% on limed plots and 
2.67% on unlimed plots, and in the roots 1.47% and 1.24% 
respectively. Address: 1. Ph.D., Director of the Station and 
Prof. of Agriculture at the State Agricultural College, Soil 
Chemist and Bacteriologist; 2. A.M., Assoc. Soil Chemist 
[New Brunswick, New Jersey].

580. Mattei, G.E. 1919. La soja ed i suoi prodotti [The 
soybean and its products]. Bollettino di Studi ed Informazioni 
del Regio Giardino Coloniale di Palermo 5(1/2):1-34. [40 
ref. Ita]
• Summary: This article contains one of the best histories 
seen to date of the soybean in Italy, from 1760 to 1813.
 Contents: Brief history of the soybean. History of its 
taxonomic classifi cation. Botanical description of the wild 
and domestic soybean. Varieties. Introduction of the soybean 
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to Europe (especially France and Italy). The question of the 
root nodule bacteria. Cultural requirements. Importance / 
value of the production. Utilization of the seeds. Soy fl our 
(Farina di soja). Soymilk (latte di soja). Soy cheese [tofu] 
(formaggio di soja). Soy oil (olio di soja). Soy cakes (panelli 
di soja). Other Japanese preparations: Miso, shoyu, koji. 
Opportunities for soybean cultivation in Italy. Results of 
cultural trials at the Colonial Garden (Giardino Coloniale) in 
Italy.
 “Introduction of the soybean into Europe: The soybean 
(La Soja) was long confi ned to East Asia, and it is only 
towards the 17th century that it appears in the Indian 
Archipelago; in fact, if it had existed in the Pacifi c islands 
at the time of Cook’s voyage, Forster surely would have 
reported it. Its introduction to the East Indies is even more 
recent. Roxburgh mentions its cultivation in the Botanical 
Gardens of Calcutta from seeds acquired from the Moluccas, 
in 1798. On the other hand, as Alphonse de Candolle 
observes, if its cultivation were ages-old, it would have 
spread long ago toward the West to Syria and Egypt, which 
did not occur.
 “Its introduction to France is said to date back to 
1739, when certain missionaries sent soybean seeds, from 
China, to the Jardin des Plantes in Paris: the uncertainty 
however arises as to whether, even before this time, it was 
cultivated in Europe, since, as Saccardo points out, it appears 
that essays (saggi) on the plant exist in the Herbarium of 
Bartolomeo Martini of Verona, Italy, written (composto) in 
1701.
 “In any event, concerning France, the soybean is 
reported as being grown extensively in about 1821 at 
Champ-Rond near Etampes; it seems, however, that 
subsequently its cultivation was nearly lost; in fact, 
Lachaume, in the Revue Horticole of 1857 [pages 568-70. 
Nov. 16], reports it as a new introduction, thanks to the 
French Consul in Shanghai, and he describes and illustrates 
it.
 “As for Italy, Pinolini [1905] dates the soybean to 1848 
[sic, 1840]. It is possible that its cultivation as an agricultural 
plant began to spread from that date, but the existence of 
the soybean in Italy antedates this date by at least a century. 
Saccardo says in fact: ‘cultivated since the mid-18th century, 
and at times extensively, as in the Treviso region.’
 “With the existence, as I have stated, of essays on 
the soybean in the Herbarium of Bartolomeo Martini of 
Verona, an herbarium written in 1701, one might suspect 
that from that time the soybean was being cultivated in the 
Verona region; but who could have brought the seeds? And 
if this were the case, why do we not fi nd any reports of it 
in somewhat later authors? Or was the above-mentioned 
essay brought directly from the Orient. It should be noted 
that Kaempfer’s voyage to Japan dates to 1690, and we 
have the fi rst accurate reports on the soybean in 1712 with 
Kaempfer’s own publication. Should we perhaps believe 

that some study, brought back by Kaempfer, was given to 
Martini? He might have obtained it from Zannichelli who, as 
Targioni-Tozzetti relates, in the life of Micheli, carried on a 
correspondence with Martini himself? Assuredly Kaempfer 
had to regard a plant which is used for so many purposes in 
Japan as important and it is possible he brought back essays 
about it, and perhaps even seeds.
 “In any event, the Jardin des Plantes in Paris, after 
1739, must have distributed seeds to various botanical 
institutions, including Italian. In fact, from the old Catalogs 
(Cataloghi) of the fi rst Italian botanical gardens and from 
the pertinent Index seminum, we see that in the second half 
of the 18th century, the soybean is being cultivated almost 
everywhere: in 1760 Allioni mentions its cultivation in the 
Botanical Gardens of Turin; in 1780 Abbot (l’Abate) Farsetti 
introduced it to his Santa Maria di Sala garden near Venice; 
in 1785 Scopoli mentions it in Pavia; in 1787 Guatteri 
records it in Parma; in 1790, with the Botanical Gardens 
barely established, Tineo was cultivating it in Palermo, as 
results [show] from the Catalogue published in precisely 
that year; in 1793 Zuccagni refers to it in Florence; in 1798 
Durazzo had introduced it into his garden Dello Zerbino near 
Genoa; in 1801 Tilli mentions it in Pisa; in 1805 Graefer 
refers to it in Caserta; in 1807 Arduino introduced it to the 
Agricultural Gardens (Orto Agrario) of Padua; in 1811 
Fabriani refers to it in Modena; in 1813 Tenora points it out 
in Naples, and the same may be said for other more recent 
reports. From this we see that, at the end of the 18th century, 
the soybean was already cultivated throughout Italy, not for 
agricultural but for scientifi c purposes, that is, in Botanical 
Gardens.
 “Perhaps this information escaped those, like Pinolini, 
who did research on the soybean as an agricultural plant 
because, in all works dealing with plants cultivated at that 
time, the soybean is found under the name of Dolichos soja, 
the generic name Soja, of Moench or Savi, not yet having 
been adopted.”
 In 1918 a soybean cultural trial was conducted at the 
Colonial Garden, Palermo, on a plot of 350 square meters; 
smaller experiments had been conducted in previous years. A 
variety was chosen which had almost spherical seed and was 
greenish yellow in color. The seeds were planted on March 
29, in furrows at a spacing of 30 x 40 cm.; they germinated 
regularly about 10 days later. The plants were hoed twice to 
reduce weeds and irrigated eight times from the end of May 
until the end of August. Flowering began in early July and 
the seed was harvested on Nov. 15. The entire vegetative 
period was, therefore, 7½ months. The plants reached an 
average height of 90 cm. Their growth was luxuriant and 
there was a normal development of nodules on the roots. 
From this plot of 350 square meters, 51 kg of clean seed was 
harvested; this corresponds to a yield of about 1,450 kg/ha, 
which is considered quite satisfactory and could be increased 
by manuring. The beans, when cooked in different ways, 
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were found to have an agreeable taste.
 Talk with Ted Hymowitz, soybean 
geneticist, Univ. of Illinois. 2003. Aug. 18. 
Caution! It is not clear whether the early dates 
for soybean in Italy in this article are based on 
herbarium specimens or living plants. With 
herbarium specimens, it is easy to make errors.
 Note 1. This document contains the earliest 
solid dates and the second earliest overall dates 
seen for soybeans in Italy, or the cultivation of 
soybeans in Italy (1760). The source of these 
soybeans is unknown. Yet note that the earliest 
possible date that the soybean was cultivated in 
France was about 1740. Perhaps there was some 
connection between the earliest possible soybean 
cultivation in France and in Italy.
 Note 2. This is the earliest Italian-language 
document seen (April 2013) that uses the term 
formaggio di soja to refer to tofu.
 Note 3. This is the earliest Italian-language 
document seen (Nov. 2013) that uses the term 
Farinha di soja (regardless of capitalization) to 
refer to soy fl our.
 Note 4. This article was reprinted in the 
Nov. 1991 issue of Il Giornale della Soia (p. 11-
16). Address: Prof., Royal Botanical Garden (R. 
[Regio] Orto Botanico), Palermo, Italy.

581. Michels (Henry) Golden Glow Farm. 1919. 
Soy beans. Fond du Lac, Wisconsin. 1 p. 28 cm.
• Summary: Printed with dark brown ink on 
beige paper. The top half of this 1-page catalog is 
titled: “Soy beans: Soy beans will soon be grown 
in every fi eld of silage corn. They are highly 
recommended by the Agricultural College, Farm 
papers, and the most progressive farmers.
 “The crop is leguminous and therefore 
corn planted with soy beans will make a bigger 
growth than where it is grown alone, and besides 
the beans furnish several tons of green forage per 
acre and make silage 50% richer in protein.
 “Soy beans have a high fertilizing value, the 
roots and nodules leaving 75 to 100 pounds of nitrogen an 
acre in the soil which at ordinary fertilizer prices is worth at 
least $20.00 per acre. Big crops always follow soy beans.
 “Mammoth Yellow Soy Beans make the tallest growth, 
biggest yield and stay green the longest. They are the variety 
to plant for silage. Mix 1/8 beans and two thirds corn in your 
planter this year and get some real silage. One bushel beans 
is enough for ten acres.
 “We have had such a big demand for this variety that 
we have now purchased a carload which is expected to 
arrive about May 1st. We bought them right in the producing 
country in Virginia at a low price and can therefore offer 

them at a bargain.
 “Price Per Bushel of 60 Pounds: $4.00
 “Two bushel orders shipped in new burlap sacks free. 
Less than two bushel orders in new seamless cotton sacks at 
60¢ each
 “There is a tremendous demand for soy beans this year 
and we advise you to place your order at once.”
 The bottom half of the page is titled “Golden Glow Seed 
Corn.”
 Note: This catalog is owned by Special Collections, 
USDA National Agricultural Library, Beltsville, 
Maryland. It has been digitized and is available on the 
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Internet Archive website: https://archive.org/details/usda-
nurseryandseedcatalog Address: [Seedsmen], Fond du Lac, 
Wisconsin.

582. Moore, Ransom A.; Halligan, Charles P. 1919. Plant 
production. New York, Cincinnati, Chicago, Boston, Atlanta: 
American Book Co. 428 p. Illust. Index. 19 cm.
• Summary: This book is divided into two main parts: Part I, 
“Agronomy” (p. 11-200) and Part II, “Horticulture” (p. 201-
411).
 Soybeans are mentioned on pages, 120, 132-140, 203, 
257, 258, and 416.
 Chapter 10, “Leguminous crops,” begins (p. 120): 
“Leguminous plants increase the fertility of the soil by 
adding nitrogen to it. If the roots of a legume are removed 
from the ground and closely examined, small swellings, or 
nodules, may be seen on them. In these nodules are bacteria 
that have the power of taking nitrogen from the air and of 
supplying it to the nodule-bearing plants. When the roots and 
nodules fi nally decay, the nitrogen that has been taken from 
the air is available for other crops that follow a leguminous 
crop. The most common legumes are the clovers, alfalfa, 
peas, fi eld beans, soy beans, cowpeas, and vetches.
 The section on “Soy beans” begins: The soy bean is a 
native of southeastern Asia where it grows wild and forms 
an essential part of the food for the inhabitants. It was 
introduced early into Japan and is used there and in China 

principally as human food. Soy beans were introduced into 
the Southern States by the United States Department of 
Agriculture. Until recently no extended effort has been made 
to grow soy beans in the North. They are classifi ed as early, 
medium, and late, and each division has many varieties, 
based on color.” This chapter has the following contents: 
Habits of growth. Uses. Soy beans as a protein food. Soy 
beans for hay. Planting. Cultivation. Harvesting. Threshing 

and storing. Soil inoculation. Exercises 
[e.g., “What are the principal 
characteristics of legumes?”]. Home 
projects [e.g., “3. Sow hairy vetch in 
the fall with and without rye as a nurse 
crop, and note the development for hay 
the following summer”].
 Photos show: (73) A man standing 
in a fi eld of soybeans with a large 
barn in the background. (74) Early soy 
beans. (75) A soy bean harvester. (76) 
Nodules on the roots of soy beans.
 Tables show: (1) Growing period 
and yield per acre of soy beans from 
tests made at the Wisconsin station; 
For each variety is given the growing 
period in days, yield per acre in 
bushels, and weight per measured 
bushel. The varieties are Ito San, Early 
Brown, Medium Early Black, Medium 
Early Green, Medium Early Yellow, 
Michigan Green, Wisconsin Black, 
Early Black.
 (2) Nutritional composition of 
dry soy beans. (3) Average digestible 
nutrients (crude protein, carbohydrates, 
fat) in soy beans and other 
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concentrates–including cottonseed meal (choice), linseed 
meal (old process [not solvent extracted]), wheat bran, oats, 
barley, dent corn. (4) Average digestible nutrients in soy bean 
hay and other roughage–including alfalfa hay, red clover hay, 
oat hay, timothy hay, corn fodder with ears.
 Part II. A table (p. 203) titled “Longevity of seeds (from 
Vilmorin’s tables)” shows that the soy bean has an average 
longevity of 2 years and an extreme longevity of 6 years. The 
greatest longevity for any of the 23 seeds shown is 10 years.
 In the chapter on “Fruit growing,” the section on “Cover 
crops” in orchards states (p. 257): “When the trees are 
producing a weak growth, some legume as winter vetch, 
crimson clover, mammoth clover, peas, or soy beans should 
be sown.”
 A table (p. 258) titled “Quantities of cover crop seed to 
sow per acre” specifi es 90 lb for soy beans.
 A table (p. 416) titled “Legal weight per measured 
bushel in most states for the common fi eld seeds, and rate 
of seeding per acre” states: “Soy beans, broadcast” 60 lb 
per bushel, 90 lb. per acre. “Soy beans, in drills” 60 lb per 
bushel, 20 to 60 lb. per acre.
 Note: Ransom Asa Moore was born in 1861. Address: 1. 
Prof. of Agronomy, the Univ. of Wisconsin, Madison.

583. Guard, Samuel R. 1920. Soybeans in a cornbelt rotation. 
Breeder’s Gazette 77(2):67-68. Jan. 8.
• Summary: Describes methods used by William E. Riegel 

(“a soybean enthusiast”) on the 800-acre C.L. Meharry farm 
in Champaign, Illinois. Discusses: Harvesting for hay and 
seed. Place in the rotation (soybeans follow corn and soys 
planted together). Preparing the seed. Inoculation using the 
solution method, not the glue method. Planting time and 
methods. Germination, a hard rain produces a hard crust, and 
use of spike-toothed harrows, weeders, and rotary hoes to 
break that crust. Killing weeds and grasses when soybeans 
are 2 inches high by cultivation with a rotary hoe. Harvesting 
for hay or (later) for seed. Threshing. Yields and favorite 
varieties (Mongol and A-K). Effect of soybeans on corn yield 
when they are planted in combination. Methods of harvesting 
corn and soybeans depend on the hog market outlook (when 
the demand for pork is strong, the crop of corn and soybeans 
would be hogged-down. The same thing applies to “cattling-
down”). Use of western ewes and sheep, or Percheron colts 
(horses) for harvesting. Great importance of keeping down 
costs (Mr. Riegel’s subtle management is everywhere in 
evidence).
 Large photos show: (1) Two horses pulling a machine 
for mowing soybeans for hay in central Illinois. A farmer is 
standing waist-deep in soybeans to one side. (2) Two sets 
of horses pulling two machines on the Meharry farm. The 
machine in front is binding soybeans for seed, while the one 
behind it is drilling (planting) wheat. (3) “Cattling-down 
corn and soybeans to produce war beef.” Address: [Illinois].

584. Bliss, G.R. 1920. Producing pork, beef and milk with 
soy beans. Wallaces’ Farmer 45(3):162. Jan. 16.
• Summary: The increase in soybean growing in Iowa, 
varieties suited to various uses, soybeans for hogging down 
and silage, methods of inoculation, are discussed in part. 
“The soy bean is gradually taking its place as an important 
crop in Iowa... farmers of the corn belt have just recently 
learned its value.” It is said that the soybean is “going to 
prove a cheap source of beef, pork and mutton production, 
as well as one of the most potent factors in enriching the 
soil.” The following varieties are discussed: Ito San, Medium 
Yellow, Medium Green, Black Eyebrow, Chestnut, Ebony, 
Sable, Perley Mongol, Wilson, and Roosevelt. A photo shows 
a person in a fi eld of soybeans grown in corn. Address: Iowa.

585. I.J.M. 1920. The hog grower’s delight. Successful 
Farming 19:88-89. Jan.
• Summary: J.M. Ballard, a Grant County, Indiana, hog 
grower, explains that he plants soybeans (through a separate 
attachment) with corn, small pumpkins, and rape seed. As 
a winter forage for his hogs he likes to use a combination 
of equal amounts of soybeans and Sudan grass. “The man 
who grows hogs will fi nd it hard to do without soys after he 
has once used them. They decrease the amount of tankage 
necessary, supply a valuable leguminous forage or hay, are 
ideal for hogging down with corn and build up the nitrogen 
content of the soil instead of continually tearing it down.” 
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Address: Indiana.

586. Mathews, I.J. 1920. Soybean facts for winter: 
A crop that is rapidly gaining a place. Successful 
Farming 19(1):26, 47. Jan.
• Summary: “My fi rst experience with soybeans 
dates back fi ve years... I bought some Black Ebony 
beans supposed to be inoculated by the grower 
and planted them in rows three feet apart. When 
they came up, I soon found that a soybean was 
considerably different than a fi eld bean, it rooted 
deeper and could not be cultivated out so easily and 
was not subject to anthracnose or blight.” Curing 
the beans for hay at the end of September was a 
“rather irksome job.” When they fi nally became 
dry enough to haul in, they were absolutely black 
and the leaves were covered with sand. He fed 
this soybean hay to cows. “Much to my surprise, 
I found that the cattle ate this stuff with relish and there was 
no diminution in the milk fl ow, all the sand withstanding. 
Soybeans immediately grew in my favor.”
 Under a bold heading proclaiming soybeans to be “A 
wonder crop,” the author continues: “And today my faith in 
the soybean is greater than it ever was before. I have seen 
thousands of acres of them growing, grown and harvested. 
They are a wonder crop and to my mind, rank next to alfalfa 
in the crops that have been brought forward during the last 
few years.”
 Also discusses “handling inoculation soil,” feeding 
soybean hay to chickens, using soybean hay or forage 
to balance the hog’s ration, the diffi culties of storing the 
soybean grain (If the beans are even slightly damp, they will 
heat in the bin and get musty; this greatly decreases their 
germination rate. Storage in sacks is an alternative).
 Photos show: Two varieties grown side by side in a test 
plot; one is thriving and one is not. Medium green soybeans 
grown in corn for silage.
 Note: This is the earliest document seen (Aug. 1996) 
that uses the word “wonder” or “wonder crop” to refer to 
soybeans. Address: Pulaski County, Indiana.

587. Fred, E.B. 1920. They do the work: How nodule 
bacteria increase the yield of soy beans and raise the per cent 
as well as the total protein content of the forage. Hoard’s 
Dairyman 59(4):171, 232. Feb. 13.
• Summary: Discusses the results of experiments on soybean 
inoculation in Michigan. The effect of inoculation is not 
confi ned to the yield of forage. Inoculation has different 
effects on soy beans grown on different types of soils. “Soy 
beans with nodules produced more than three times as much 
dry forage as those without nodules.” And this forage has a 
much higher nitrogen content.
 Photos show: (1) Root from inoculated soy bean. 
(2) Inoculated and uninoculated soy bean plants. (3) Part 

of the inoculated and uninoculated plots of soy beans at 
Princeton, Wisconsin. (4) Ito San soy beans from equal areas 
of uninoculated and inoculated plots. Address: Wisconsin 
College of Agriculture.

588. Morse, W.J. 1920. Re: Report by Mr. F.R. Jones and Mr. 
W.B. Tisdale entitled “The Effect of Soil Temperature upon 
the Formation and Development of Nodules on Legumes.” 
Letter (memorandum) to Prof. C.V. Piper, Bureau of Plant 
Industry, USDA, Washington, DC, March 13. 2 p. Typed, 
without signature (carbon copy).
• Summary: “Dear Prof. Piper: I have read over the report by 
Mr. F.R. Jones and Mr. W.B. Tisdale entitled ‘The Effect of 
Soil Temperature upon the Formation and Development of 
Nodules on Legumes’, paying special attention to the parts 
relating to the soy bean. Although it is stated by the authors 
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that the report is only a preliminary report on the work done 
in 1919 to 1920, I do not think the data obtained suffi cient 
for a publication at this time.
 “In the fi rst place, there is a lack of suffi cient replication 
of different legumes, resulting in too few plants being used 
in the test. For instance, results are obtained for only six soy 
bean plants.
 “Secondly, the check or control pots should have 
included the different legumes without the inoculation. The 
check or control pots used by the authors did not contain any 
legumes.
 “Thirdly, I think it would be well to use another summer 
legume such as the cowpea for checking up with the soy 
bean.
 “Finally, would it not be well to make some fi eld 
observations on the different legumes, planting under 
different conditions such as shading, depth of plant, etc.? An 
observation made during my visit to some soy bean variety 
plots near Roanoke, Virginia, may be of interest.
 “Eight varieties of one-fourth acre each were planted out 
on a farm, the varieties representing sorts from early to late 
maturity. I had occasion to examine these plots about the fi rst 
of September. The Tokyo and Mammoth varieties had made 
a very heavy growth, averaging about 4 feet high, completely 
shading the ground, while the earlier varieties such as Black 
Eyebrow and Manchu made a growth of about 2 feet but did 
not shade the ground entirely. An examination of the plots 
showed the roots of the Tokyo and Mammoth varieties to 
be very abundantly supplied with nodules. The soil of these 
plots was very moist and the roots in a large number of cases 
were at the top of the ground, showing a very large number 
of nodules exposed. The plots of the early varieties had no 
roots exposed and the soil was much drier than that of the 
Tokyo and Mammoth plots. Although the day of my visit 
was very warm and there had been no rain for a number of 
days, the soil of the Mammoth and Tokyo plots was moist 
and cool.
 “Very truly yours, Assistant Agrostologist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Assistant Agrostologist [Forage 
Crop Investigations, Bureau of Plant Industry], USDA, 
Washington, DC.

589. Pelton, W.C. 1920. Hahto soy bean as lima substitute. 
Rural New-Yorker 79(4579):625. March 27.
• Summary: “Few years have been more disappointing to 
Lima bean growers in Connecticut than 1919.” Largely 
because of heavy rain during early blossoming and attacks 
of the green clover worm, the crop proved to be a money 

loser on many farms in the state. So farmers “disgusted with 
the behavior of the Lima beans” may be “interested to know 
a few things about the Hahto Soy bean, which has recently 
been mentioned as a Lima substitute. The Connecticut 
station made a small test of these beans during 1919, and 
collected facts that are interesting and suggestive.” The seed 
used in the test was received from the USDA Bureau of Plant 
Industry.
 The Hahto compares favorably with small Limas in size 
and has somewhat the same shape. The Hahto beans were 
hardly effected by the rains and clover worms that damaged 
the Lima beans.
 “Use as food–As a green shell bean, for use in the half 
mature state, the Hahto has been a disappointment. Being 
smaller than the Lima at maturity, its size when half ripe is 
too small for economical use. The labor of gathering pods 
enough to furnish a meal is considerable and the shelling of 
the beans in the fresh state is diffi cult. In the partially cooked 
or scalded state of the pods the shelling is disagreeable. 
Present evidence indicates that not before maturity are these 
beans likely to prove popular. At the partially dry state, 
particularly after frost, the shells open readily, although the 
sharp terminal prickle on every pod, which is a characteristic 
of Soy beans. proved annoying. At this time the beans were 
of full size, and they remained so, without drying up, for at 
least several weeks. The fl avor of the Hahto bean reminded 
the writer at times of boiled chestnuts and at others of 
chicken soup.” Six good qualities of the Hahto soy bean, 
plus the diverse types, are discussed. Photos show: (1) Two 
Hahto soy bean pods and four beans, natural size. (2) Two 
Hahto pods of variable size with sharp points. (3) Roots of 
the Hahto bean, with nodules.

590. Briggs, George M. 1920. Grow soybeans. Wisconsin 
College of Agriculture, Extension Service, Special Circular 6 
panels. Grow More Feed series, No. 2. Undated. 22 x 10 cm.
• Summary: Contents: Why plant soybeans? When to plant 
soybeans. How to plant soybeans. How to care for crops 
(seed, hay, or silage). Precautions.
 “Here are ten good reasons why farmers in many 
sections of Wisconsin should try a limited acreage of 
soybeans: 1. A majority of farmers in Wisconsin are having 
good success with them. 2. Soybeans are just a common 
crop for common people. It is not necessary to have a soil 
free from acid for good yields. 3. The best annual legume 
for medium to light soil is the soybean. It yields best on 
fertile soils, yet yields on light soils where other legumes 
fail to catch. 4. It is an annual plant–sureness of crop is a 
certainty. 5. The soybean is the dual purpose member of the 
legumes–an annual used as a green manure, silage, hay, seed 
and pasture crop. 6. In feeding trials, soybean hay is equal 
to alfalfa. 7. Soybeans take no more moisture when planted 
with corn than do weeds and the leaves make rich silage. The 
labor of caring for soys with corn is no greater than for corn 
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alone. 8. Properly cured the crop is relished by all stock. 9. 
Soybeans are easy to grow, as they are not attacked by any 
serious diseases. 10. Being a legume, the soybean builds up 
soil by adding nitrogen.”
 In the section “3. Where soybeans are used for silage” 
we read: “6. Don’t plant the wrong variety. For seed where 
Wisconsin No. 8 or Wisconsin No. 25 corn will mature, plant 
Early Black. In localities where Silver King or Golden Glow 
corn matures, plant Ito San or Manchu. Other varieties that 
will mature are Early Black, Black Eyebrow, Medium Early 
Green, Early Brown, Medium Early Yellow. For hay or silage 
tall-growing varieties such as Ito San, Manchu, Medium 
Early Green and Early Brown are proving very satisfactory. 
Mammoth Yellows and Black Beauties [synonym of Ebony] 
have proved successful in some localities.”
 Note: This is the earliest document seen (Sept. 2000) 
by or about George M. Briggs in connection with soybeans. 
“Soybean” Briggs was Wisconsin’s fi rst and foremost 
soybean pioneer. Address: Madison, Wisconsin.

591. Etheridge, W.C. 1920. The way to grow soybeans. 
Missouri Agricultural College, Extension Circular No. 75. 4 
p. March.
• Summary: Contents: Soil requirements. Soil preparation. 
Fertilizer. Inoculation. The way to plant. Don’t plant too 
early. Don’t plant too deep. Quantity of seed to plant. 
Cultivation. Harvesting. Good varieties. Address: Columbia, 
MO.

592. Hughes, H.D.; Wilkins, F.S. 1920. Soy beans in Iowa. 
Iowa Agricultural Experiment Station, Circular No. 65. 4 p. 
March.
• Summary: Contents: Introduction. Importance: In corn–for 
hogging down, in corn for silage or sheeping down, alone 
for hay, for seed. Climate, soil and inoculation: Method of 
inoculation (soil inoculation, glue or sugar solution, culture). 
Varieties: Seed production, hogging down, hay, for silage and 
sheeping down, maturity. Seeding: Seedbed preparation, time 
of seeding. Method of seeding: With corn, for seed or hay. 
Rate of seeding: In corn, in rows, drilled like small grain, 
depth of seeding. Cultivation: In rows, drilled like small 
grain. Harvesting: For seed, for hay. Threshing. Cow peas.
 The introduction begins: “The Iowa Agricultural 
Experiment Station has grown a number of different varieties 
of soy beans each year since 1910. It fi nds the crop very 
dependable, the better varieties producing yields of from 15 
to 25 bushels of seed, or 2½ to 3½ tons of hay per acre in 
most seasons.”
 The following varieties are listed (here alphabetically): 
Black Eyebrow, Chestnut, Early Yellow, Ebony, Elton, 
Habaro, Ito San, Manchu, Medium Green, Medium Yellow, 
Minnesota 166, Minnesota 167, Mongol, Ohio 7496, Peking, 
Roosevelt, Stone’s Ensilage, Wilson.
 Note: This is the earliest document seen (Aug. 2013) 

that mentions the soybean varieties Minnesota 166, or 
Minnesota 167, or Stone’s Ensilage. Address: Agronomy 
Section, Ames, Iowa.

593. Megee, C.R. 1920. Soy beans. Michigan Agricultural 
Experiment Station, Special Bulletin No. 100. 11 p. March.
• Summary: Contents: Introduction (soy beans in Michigan). 
Varieties. Adaptation. Preparation of seed bed. Time of 
planting. Depth of planting. Inoculation. Method of planting: 
For hay and green manure, for ensilage and hogging-off, for 
seed, amount of seed required. Lime. Phosphate. Harvesting. 
Summary.
 The introduction begins: “Interest in soy beans has 
increased greatly in Michigan during the past two years due 
to the following reasons: First, frequent failure of clover 
has made it necessary to secure an emergency hay crop 
which will furnish hay the same season as planted; second, 
increase in favor of the practice of sowing soy beans with 
corn for ensilage and hogging-off; third, increased demand 
for northern grown soy bean seed throughout Michigan and 
bordering states; fourth, greater use of soy beans as a green 
manuring crop.”
 “Varieties: The selection of varieties is of great 
importance as shown by tests conducted during the past 
six years, some varieties yielding from three to four times 
as much forage as others. The following varieties are 
considered among the best for Michigan conditions: Manchu, 
Ito San, Early Brown, Black Eyebrow... In northern counties, 
the Early Black is apparently the best adapted variety.”
 The section titled “Time of planting” (p. 550-51) notes: 
“Mr. E.E. Evans, legume specialist of West Branch, Ogemaw 
Co., Michigan, states that the greatest error of soy bean 
growers in northern Michigan is too late planting, and that 
he has never seen the crop seriously injured by frost between 
May 10th and October 1st. The past season (1919) Ito San 
soy beans planted at the Experiment Station on May 21st 
yielded 624 pounds per acre more hay than did the same 
variety planted June 7th.”
 Tables show: (1) Soy bean variety test–1919. Planted 
June 8, harvested Sept. 4. Varieties: Manchu, Ito San Early 
Brown, Black Eyebrow, Medium Green, Mongol, Virginia, 
Wilson 5 [Wilson-Five], Hollybrook, Wilson Black, Wilson, 
Ogemaw, Mammoth Yellow. For each variety is given: 
Pounds per acre of air dry hay adjusted to a 12% moisture 
basis. Condition at maturity/harvest (e.g. seeds well formed, 
seeds just forming, pods just forming). (2) The yields in tons 
per acre of air dry hay produced by each of nine varieties 
in fi ve variety tests in four counties: Allegan, Bay, Monroe 
(2), and Wayne. “The results of these tests correspond very 
closely with the results of the Station.”
 Photos show: (1) A soy bean variety test plot on the 
College Station Field, Michigan (front cover). (2) Several 
Ito San soybean plants, harvested, bundled up, and showing 
pods. (3) “Soy beans are a valuable green manuring crop. 
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The above view shows soybeans drilled on an impoverished 
sandy loam soil.” (4) Soybean root system, showing nodules. 
(5) A fi eld of soybeans. Address: Farm Crops Section, East 
Lansing.

594. Wiancko, A.T.; Cromer, C.O. 1920. Soybeans in 
Indiana. Indiana (Purdue) Agricultural Experiment Station, 
Bulletin No. 238. 15 p. March.
• Summary: Contents: Summary. Introduction. Place in the 
rotation. Soil preparation. Soil fertilization. Inoculation. 
Time, method, and rate of planting. Cultivation. Harvesting. 
Threshing. Varieties. Table IV (p. 14-15) gives a “Summary 
of results of tests of varieties of soybeans for seed and hay 
production, 1903-1919.” For each year and variety is given: 
Days required to mature, color of seed, and average yields 
per acre for grain (bushels), hay (pounds) or both. 1903-07: 
Ito San, Early Black, Early Brown, Ogemaw, Olive Medium, 
Medium Early Black, Mammoth Yellow, Medium Green, 
Very Dwarf Brown. 1905-09: Ito San, Dwarf Early Yellow, 
Hankow, Hollybrook. 1909-13: Ito San, Austin, Flat King, 
Hollybrook, Mikado, Sherwood. 1910-14: Ito San, Black 
Beauty, Hollybrook, Tashing. 1914-18: Ito San, Auburn, 
Sable, Hollybrook, Mongol, Peking. 1915-19: Ito San, Black 
Eyebrow, Manchu, Ohio 9035, Ohio 7490, Ohio 7476, Ohio 
7406. 1916-19: Ito San, Elton, Hoosier, Mandarin, No. 
28050, No. 30600, No. 30601, No. 30747, No. 36846, No. 
36847, No. 36918. 1917-19: Ito San, Haberlandt, Lexington.
 Photos show: (1) Corn and soybeans growing together 
in a fi eld, to be used “either for silage or for pasturing 
down with hogs or sheep.” (2) “Pasturing corn and soybean 
mixture with sheep. This is an economical way to harvest 
the crop.” (3) “Hogs in soybean pasture. Many Indiana 
farmers are using soybeans for hog-pasture, supplementing 
it with corn.” (4) “Roots of soybean plants, showing nodules 
of bacteria.” (5) “Cultivating soybeans with regular corn 
cultivators [each pulled by 2 horses, with a man riding on 
the back]. The rows are 36 inches apart and were drilled at 
the rate of half a bushel of seed per acre.” (6) “Harvesting 
soybeans with mower [pulled by two horses] with side-
delivery attachment, cutting two rows at a swath. In 
harvesting for seed, the time of cutting is important, because 
if the pods are too dry, much of the seed will be lost from 
shattering.”

595. Graber, L.F. 1920. Soy beans, a self fertilized seed crop 
on sandy soils. Hoard’s Dairyman 59(11):679, 691-92. April 
2.
• Summary: “To the sand farmers soy beans are proving a 
godsend. They grow wherever clover is a failure. They are 
not sensitive to soil acidity.” If “you could listen to some 
of the stories our jovial ‘Soy Bean Briggs’ has gathered up, 
around, in various parts of Wisconsin, you would put him 
down as a get-rich-quick promoter sure enough. But here 
are some farm fetched facts: Soy beans have produced in 

Northern Wisconsin as much as one hundred cold, grey, 
jingling dollars an acre and a cash income of from $40 to 
$60 acre has not been, during the past year, by any means 
unusual and often these profi ts have accrued on land worth 
less than the crop itself...”
 Soys are soil builders, but they must be inoculated. They 
grow best, yield best, and pay best on fertile sands. The most 
practical way to harvest soy beans for seed is to cut them 
with a mower. Early varieties for the far north of the state are 
Early Black, Ito San, and Manchu. The Medium Early Green, 
Medium Yellow, Elton, Haberlandt, Mongol, and Ohio 9035 
ripened 7 to 20 days later than the early varieties. Such 
extremely late varieties as Hollybrook and Mammoth Yellow 
will only ripen in the southern states.
 “Paint companies are fi nding soy bean oil a good 
substitute for linseed in paint. It is also used in varnishes, 
linoleums, and soaps. The by-product, soy bean cake, is a 
valuable concentrated feed with 40 to 45% protein.”
 Photos show: (1) A six weeks’ growth of soy beans 
in rows for seed on a light drift sand. (2-4) Effect of 
inoculation on root and top growth of soy beans on a poor 
sandy soil, with close-ups of inoculated roots, top growth, 
and uninoculated roots. Address: Wisconsin College of 
Agriculture.

596. Hoard’s Dairyman. 1920. Variety of soy beans (Letter to 
the editor). 59(11):701. April 2.
• Summary: H.A.L. of Zumbrota, Minnesota, writes: “What 
kind of soy beans do you recommend for black loam soil 
from 6 to 10 inches deep with clay sub-soil? I want to put 
10 acres with my corn for silage. Do you recommend hill 
planting or drilling?”
 The reply: “The problem of growing soy beans with 
corn for ensilage purposes is more or less in the experimental 
stage. There are those who have been doing this for the 
past few years and who report very good results.” On 
the other hand, some have discontinued their tests. “In 
selecting a variety of soy beans to grow with corn it should 
be remembered that it is not necessary to choose one that 
will mature its seed. What is wanted is a variety that will 
give as large a plant growth as possible. For Wisconsin and 
Minnesota conditions varieties like the Medium Early Green 
and Ito San have given very good results, especially the 
former.”
 “Drilling in the corn and beans is by far the preferable 
method to follow. This has been the experience of those who 
have grown them successfully.”
 “The soy beans should be inoculated before planting to 
insure the most vigorous growth possible. The inoculation 
[inoculum] can be obtained from the experiment station at 
Madison, Wisconsin, or perhaps from the Minnesota station, 
together with complete directions for carrying out the 
process.” Address: Iowa.
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597. Cobb, C.W. 1920. Soy beans not hard to raise. National 
Stockman and Farmer 44(1):7-8. April 3.
• Summary: The author has raised soy beans for 18 years 
and never used inoculation. “When planted on a piece of 
ground that never raised them they won’t produce nodules 
that year, but will grow just as large a crop of forage and 
beans as when inoculated. Then if planted on this same 
ground the next year the roots will be loaded with nodules, 
which to may way of reasoning goes to prove they did gather 
nitrogen and lots of it without inoculation.” “Is it any wonder 
I became a soy-bean fanatic (for that is what I am called up 
here in Erie County)?” The author gives tips on choosing 
the best varieties and best soils. Address: Erie County, 
Pennsylvania.

598. Freehoff, W.A. 1920. Putting protein into silage: Soy 
beans make it better. Orange Judd Farmer 68(15):6, 33. 
April 10.
• Summary: “A few years ago the farmers of the northern 
states thought of soy beans very much as they did of alfalfa 
earlier in their career. They viewed this wonderful legume 
with suspicion, and for the most part refused to grow it. But 
the same painstaking pioneer work that has placed alfalfa 
upon a fi rm footing in the agriculture of his country is 
establishing soy beans on an equally secure basis.
 “Last year C.S. Ristow, of Wisconsin, tried 9 acres of 
Ito [Ito San] soy beans as an experiment in soy bean seed 
growing. He planted them on some poor, sandy land, and 
to his surprise they yielded 15 bushels to the acre. He sold 
them for seed at $6 a bushel.” The Ito San and Medium Early 
Green varieties were found best for adding protein to corn 
silage.
 Also discusses the importance of inoculation for starting, 
how to plant and cultivate soy beans, and growing soybeans 
for hay. A photo shows two horses pulling a piece of farm 
equipment in a fi eld of soy beans.

599. Mathews, I.J. 1920. Start right with soy beans: A 
good start is more than half of this crop. Ohio Farmer 
145(17):734. April 24.
• Summary: The keys to a good start are: (1) Test the seed 
to be sure it will sprout. (2) Plant the right variety for your 
location. “As early varieties, the Early Brown and Ito San 
are good. Medium varieties are the Hollybrook, Sable and 
Medium Olive [Olive Medium] while late varieties are 
Mammoth Yellow, Black Ebony and others. The Mammoth 
Yellow is essentially a variety for the South and has not 
yet proven valuable for northern states. It does not grow 
well with corn and can not be recommended for planting in 
combination with corn.”
 (3) Manage the crop carefully. “If soybeans are planted 
with corn, the same variety will ripen about two weeks later 
than when planted alone. The soybean will stand a little more 
frost than corn...” (4) Liming stimulates soybean growth. 

(5) Inoculation is essential, unless soybeans have previously 
been grown in the fi eld. Address: Pulaski County, Indiana.

600. Purdue Agriculturist (Indiana). 1920. Soy beans. 
14(7):396, 398. April.
• Summary: “The Soy Bean, Glycine Hispida, is a native 
legume of South Eastern Asia, and is one of the most 
important agricultural products of Northern China and 
Japan.”
 “Soy beans yield a larger amount of seed than any other 
legume suited to the temperate climate. Their main use in 
this country at the present time is for forage. They will grow 
on any good corn land and require practically the same 
climate as corn. Due to their draught resistance they are well 
suited to light sandy soil. They will grow on slightly acid 
soil...
 “...The chief value for soy beans in the north is for sandy 
soil or as a catch crop when clover or other crops fail.”
 “If soy beans are to be grown on land which has not 
previously been used for soy beans they must be inocculated 
[sic, inoculated] with nitrifying bacteria. This may be done 
by using soil from fi elds previously used for soy beans or by 
the use of pure cultures.
 “Ito San, Early Brown and Holly Brook are good 
varieties for Indiana; Holly Brook is a good variety to plant 
in corn.
 Photos show: (1) A fi eld of soy beans. Caption: “An 
excellent catch crop to take the place of clover that has 
failed.” (2) Many hogs feeding in a fi eld of dried soybeans. 
Caption: “Excellent forage for hogs in a corn rotation.”

601. Justice, J.L. 1920. Soys improve the following corn 
crop (Letter to the editor). Ohio Farmer 145(19):798. May 8.
• Summary: “One advantage of a corn-soybean rotation is 
that better results are obtained with corn after soybeans than 
corn after a clover crop.”
 “In the past few years the fi nest crops of corn we have 
grown have come after a crop of soybeans.” Much nitrogen 
is stored in the soybean’s “root tubercles,” which grow to a 
large size and cover the roots when the inoculation has been 
done properly. The Hollybrook soybean variety is one of the 
tallest and most tree-like that the writer has grown. Address: 
Cass Co., Indiana.

602. J.W.M. 1920. The value of soy beans. Rural New-Yorker
79(4585):901. May 8.
• Summary: “Advantages of the crop.–The growing of 
Soy beans possesses a peculiar value to any farm running 
a rotation, and to one which employs help the year ‘round. 
Its seeding time follows the busy time of planting corn. Its 
early harvest time, end of August or early September, fi ts 
well with sowing of wheat, for the latter is drilled in right on 
the heels of the Soy bean binder. If there is not enough help 
to sandwich the crops as above, as on this farm in Central 
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Illinois, an earlier maturing variety may be used, viz., the 
Early Brown, Ito San or Medium Yellow. The favorite here 
has been the Mongol, and the only objection to it is its late 
maturing. A.K. is becoming a close second in estimation, as 
it matures a little earlier. Hollybrook is similar to Mongol.”
 In addition: The soybean leaves the ground ready 
for wheat; it has done the heavy Fall plowing, so that no 
additional plowing for winter wheat is necessary. “It is 
more resistant to moisture extremes than other legumes; it 
is a good substitute for clover when clover fails. It ranks 
with fl ax and cottonseed meal as concentrates [for feeding 
livestock]; it gathers nitrogen for soil improvement; it may 
be grown upon a soil too acid for clover; it fi ts well into 
rotation as carried on here, viz., corn, Soy beans, wheat and 
clover. Its hay is equal to or superior to Alfalfa... Our stock 
all like the hay–horses, cattle, sheep, and hogs... So the 
acreage of Soy beans has increased from 70 acres four or fi ve 
years ago to 170 in 1919.”
 “A valuable crop.–For a number of years Soy beans as 
seed have had a ready sale from this farm. In 1918 we sold 
1,600 bushels and put about 200 tons of hay in the barn. 
Our acreage was 125 that year. In 1919, from 150 acres, we 
sold 2,100 bushels on that, minus 200 saved from our own 
planting... As human food the Soy bean is rich and palatable, 
but long-time preparation is necessary, except in steam 
pressure cooking.”
 “This farm regards the Soy bean at its greatest value 
when grown in conjunction with corn for hogging down. For 
several years... the four-footed huskers have cleaned up the 
corn and bean fi elds. While on this feed the hogs need 75 to 
80 per cent less tankage... By having cattle in with the hogs 
the fodder is eaten up closer than with hogs alone. In 1915, 
80 acres of corn and Soy beans were hogged down. The 
next year the manager, W.E. Riegel, estimated the corn at 45 
bushels per acre, and the beans seven. In 1917 the acreage 
advanced to 140. The crop was divided between the silos 
and hogging down... The corn was used where it grew, the 
manure scattered with no labor; in short the crop went direct 
to consumer. In 1918 we had 235 acres of corn and Soy 
beans...” Address: Tolono, Illinois.

603. Williams, C.G. 1920. Field crop notes: Soybean culture. 
Ohio Farmer 145(19):798. May 8.
• Summary: C.T.M. of Preble County, Ohio, writes, saying 
that he plans to grow 14 acres of soybeans, part for hay and 
part for seed. He asks for advice on planting and caring for 
the crop.
 Williams gives details on drilling in rows, depth of 
planting, inoculation, cutting and raking for hay or cutting 
for seed with a mower having a side-delivery attached to 
cutter-bar, followed by threshing using a regular bean huller. 
The common grain separator is widely employed by using 
blank concaves and running the cylinder at half speed with 
special pulleys. Yet there will be many cracked beans, even 

with these adjustments. This injures them for use as seed, but 
they can still be fed. Small lots can be threshed easily with 
a fl ail or by tramping them out. Address: Ohio Agric. Exp. 
Station.

604. Wells, H.N. 1920. Soy beans prove profi table (Letter to 
the editor). Rural New-Yorker 79:1001. May 29.
• Summary: “G.D. Smith & Son of North Charlestown, 
New York, have evidently proven that it is profi table to grow 
Soy beans for mixing in the silage at silo-fi lling time, for 
now, when they are feeding this mixture, their fed bull is 
reduced at least $1 a day.” They ran a test on their 13 cows 
(mostly Holsteins) under the direction of the Farm Bureau 
and determined that Soy beans improved the quality of their 
silage and enabled them to reduce the concentrate feeds. The 
soy beans produced over $100 worth of feed on one acre, and 
they also enriched the soil with nitrogen. Address: New York.

605. Albrecht, William Albert. 1920. Symbiotic nitrogen 
fi xation as infl uenced by the nitrogen of the soil. Soil Science 
9(5):275-327. May. [51 ref]
• Summary: Introduction: “Of the important elements 
necessary for growing plants, nitrogen is the one that 
presents our most serious problems and is most apt to be 
defi cient. Early studies on the different forms in which 
nitrogen may serve for plant growth seemed to have it 
defi nitely settled that only combined nitrogen could be 
used by plants (Boussingault 1837; Liebig 1876). Atwater 
(1885), however, showed that legumes, quite contrary to 
earlier beliefs, were able indirectly to utilize the elementary 
nitrogen. This prompted many researches and opened many 
discussions, which soon established the fact that certain 
plants, belonging to the Leguminosae, were able to obtain 
the gaseous nitrogen of the air through the action of bacteria 
living in the nodules on their roots.
 “When the fact became known that legumes are able 
to use the nitrogen of the air through a mutually benefi cial 
relationship with bacteria, numerous studies of these plants 
were undertaken to determine the manner in which they take 
nitrogen from the air and incorporate or fi x it in their tissues.
 “This process of ‘symbiotic nitrogen fi xation,’ as it has 
been named, has taken on considerable signifi cance in the 
attempt to maintain the nitrogen supply for plant growth. The 
fact that it offers a means of utilizing the unlimited supply 
of nitrogen of the air in place of the costly nitrogenous 
fertilizers, has served as an incentive to study this process 
and the factors which infl uence its highest development.
 “Any information giving a clearer understanding of the 
process of symbiotic nitrogen fi xation may be justifi ed as 
contributing to the large agricultural problem of maintaining 
the supply of nitrogen in the soil in suffi cient amounts to 
insure maximum crop production.”
 Table 11 (p. 294) shows “Nitrogen balance–Soybeans.” 
“From the data of this series, one cannot say with any great 
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certainty that the soybeans so grown used atmospheric 
nitrogen.”
 The complex relationship between nitrogen applied to 
the soil and nitrogen from the air fi xed by soybean plants is 
also discussed on pages 301 and 304.
 “Conclusions: 1. The results of this study indicate that 
nitrogen fi xation will take place in a soil containing large 
amounts of nitrogen in the form of either nitrates or organic 
matter.
 “2. No injurious effects on nitrogen fi xation were caused 
by nitrates in this experiment, and if such ever occur under 
conditions similar to those which obtained in this study, the 
application of nitrates must be many times larger than is ever 
applied in agricultural practice.
 “3. Nodules are produced when large amounts of organic 
nitrogen are present in the soil, and good legume growth 
results even when suffi cient organic matter is present to give 
large losses of volatile nitrogen from the soils.” Address: 
Formerly Fellow in Agronomy, Univ. of Illinois. Presently 
Assoc. Prof. of Soils, Univ. of Missouri.

606. Bachtell, Myron A. 1920. Corn and soybeans. Timely 
Soil Topics (Dep. of Soils, The Ohio State Univ.) No. 24. 4 p. 
May.
• Summary: “Constantly increasing interest is being 
manifested by farmers in the possibilities of the corn and 
soybean combination. Mr. J.L. Justice of Indiana in a recent 
article published in The Ohio Farmer concluded with the 
statement, ‘The soybean is only on the threshold of the 
popularity that it will enjoy as a suitable teammate for Indian 
corn.’” Contents: Partially self supporting. Some competition 
expected. Extra fertilization desirable. Inoculation essential. 
A chance to increase fertility.

607. Calvino, Mario. 1920. Estudio sobre el cultivo de la 
soya en Cuba [Studies on soybean culture in Cuba]. Revista 
de Agricultura, Comercio y Trabajo (Cuba) 3(4):124-31. 
May. [Spa]
• Summary: Calvino conducted extensive tests with 
varieties from the United States relative to their adaptation, 
culture, yields and nutritive value. “We have continued our 
experimentation with Soya, having obtained from the offi ce 
for the introduction of new plants of the Department of 
Agriculture in Washington, DC, a magnifi cent collection of 
varieties: S.P.I. 40125, Wilson Five, Barket [Barchet], Early 
Brown, Pekin, Arlington, Biloxi, Black Eyebrow, Virginia.
 “The varieties that we already had are the following: 
Soya amarilla [yellow] Nakasawa (obtained via Mr. 
Nakasawa of Japan), Soya Gigante [Giant Soy] imported 
from the USA. Soya Negra [black]: This seed arrived mixed 
in with some others, and having observed some plants in our 
fi elds, we propagated its seeds. Hahto, an excellent variety 
obtained from the USDA in Washington.” Most seeds were 
fi rst planted on 14 March or 11 Aug. 1919. They germinated 

about 6 days later, and were harvested on 9 June or 28 Oct. 
1920. The yields (in bushels/acre, in descending order by 
yield) are follows: Peking, 21.3; Early Brown, 17.1; Black 
Eyebrow, 16.4; Biloxi, 14.5; Hahto, 14.4; Virginia, 13.7; 
Wilson-Five, 13.6; Amarilla Nakasawa, 13.3; Arlington, 
12.1; Mammoth 8.1; Barchet, 7.6. The percentages of oil 
ranged from 15.6 (Arlington) to 19.2 (Biloxi) while the 
percentages of protein ranged from 28.1 (Virginia) to 39.1 
(Hahto).
 Photos show: (1) Comparison of inoculated and 
uninoculated soy bean plants with roots exposed. (2) A 
man standing in an experimental fi eld of soy beans in 1919. 
(3) A man in a fi eld of tall Biloxi variety of soy beans. (4) 
A ruler showing the size of soy-bean pods and beans. (5) 
Eleven different varieties of soy beans lined up next to 
rulers to show the relative size of each. (6) Biloxi variety 
of soy bean plant with roots. (7) Giant variety of soy bean 
plant with roots. (8) Soy bean plants with pods, grown at 
the Agronomic Station. (9) Close-up of inoculated soy bean 
plant roots, with small nodules. Also contains many tables.
 Note: From 1910 to 1914 Prof. Calvino was at the 
National School of Agriculture in Mexico giving a course 
on the multiplication of plants. He may have learned 
of soybeans in Mexico at that time. Address: Doctor en 
Ciencias Agricolas de la Universidad de Pisa, Cuba.

608. Pynaert, L. 1920. Le soja [Soya]. Bulletin Agricole du 
Congo Belge et du Ruanda-Urundi 11(1/2):151-86. March/
June. [Fre]
• Summary: Contents: Introduction. Botanical description 
and habitat. Varieties: yellow, greenish, black, brown, 
green, white. Cultivation/culture of soybeans: Necessary 
conditions, cultural practices used in the USA, quantities 
of seeds planted per acre, inoculation, harvesting soybeans: 
Harvesting for the seeds, threshing, yield of soybeans/
seeds, harvesting as forage. Chemical composition of 
the plant and seeds in various forms (forage, hay, seeds, 
silage, etc.), digestibility. Value and use of the harvest: 
Seeds, hay, preparation of hay, pole curing frames for the 
preparation of hay. Reconstitution of the soil (by adding 
nitrogen). Fertilizing value: Green forage, forage for 
silage. Value of the seeds for feeding (a tables shows the 
chemical composition; they are rich in protein). Soya for 
pasture (in mixed culture with other crops). Necessary 
fertilizers. The feed value of soya: For sheep, for dairy 
cows, for pigs, comparison of soybean seeds and cottonseed 
fl our, comparison of soya with other oilseeds (tables show 
chemical composition). Soy oil. Comparison between 
the soybean and the cowpea. Storage of soybean seeds. 
Conclusions (13 points). Culture of soya in West Africa.
 “Following many satisfactory experiments, the culture 
of soya has been introduced in West Africa... Soya can 
be grown as the principal crop, intercropped, or used in 
rotations with cotton an corn. The harvest of the last two 
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will be greatly improved by the introduction of soya in the 
rotation.
 “Dr. E.S. Edie, M.A., B.Sc. of the University of 
Liverpool, Institute of Commercial Research in the Tropics, 
has published the following report. ‘I am sending you 
some analyses of soya cultivated in West Africa; they can 
be compared with those from the Orient. The composition 
of oil is as follows: Southern Nigeria 19.62 p.c. (%), Gold 
Coast 21.29%, Sierra Leone 23.20%. The Bathurst Trading 
Company (Gambia) [Note 1. Bathurst, later renamed Banjul, 
is the capital of Gambia] likewise submitted the following 
report: The seeds were shipped from Liverpool [England] 
at the end of Sept. 1909 and samples of the harvest were 
sent from Bathurst on 20 Jan. 1910. Analyses showed they 
contained 17½% oil and we believe that this level would be 
higher if the culture had been undertaken in the surrounding 
countryside and not in the city which is nothing but a 
sandbank.
 The late Sir Alfred Jones had distributed numerous 
works concerning soya in West Africa.
 A footnote states that this work had been drafted 
primarily with the aid of a brochure edited by Lever Brothers 
Ltd., titled Soya Beans, Cultivation and Uses.
 Illustrations (non-original) show: (1) The soybean plant, 
with close-ups of fl ower and pods (p. 151). (2) Soybean 
plant with leaves, pods, and roots with nodules (p. 153). 
(3) Yellow variety of soybean plant (p. 157). (4) A young 
soybean plant (p. 160). (5) Soybean plant with pods. Inset 
of pods included (p. 167). (6) Pole curing frame (p. 171). (7) 
Stack of soybeans with horse nearby (p. 172). (8) Soybean 
roots with nodules (p. 174). Photos show pods and beans 
of: Seven varieties of soybeans (p. 156). Six varieties of 
soybeans (p. 163).
 Note 2. This is the earliest document seen (Aug. 2009) 
concerning soybeans in connection with (but not yet in) 
Ruanda-Urundi (divided into Rwanda and Burundi in 1962).
 Note 3. This document contains the earliest date seen 
for soybeans in Gambia, or the cultivation of soybeans in 
Gambia (about Oct. 1909; one of three documents).

609. Taylor, William A. 1920. Soy bean. USDA Department 
Circular No. 120. 4 p. June. Contribution from the Bureau of 
Plant Industry.
• Summary: Contents: Description. Adaptation. Inoculation. 
Culture. Harvesting. Thrashing. Storing. Varieties. 
Publications.
 “The soy bean (Soja max) is also called the soja bean, 
Manchurian bean, and stock pea (eastern North Carolina).” 
“At the present time about 15 varieties of soy beans are 
handled commercially by seedsmen. More than 500 distinct 
varieties are known and have been grown by the Department 
of Agriculture on its testing grounds. Several of these have 
proved very promising in different sections of the country 
and are now on the market.”

 The more important varieties, with notes about each, 
are (p. 3-4): Mammoth (seeds straw yellow), Haberlandt 
(seeds straw yellow), Manchu (seeds straw yellow), Tokio 
(seeds olive yellow), Virginia (seeds brown), Biloxi (seeds 
brown), Barchet (seeds brown), Wilson (seeds black), Peking 
(seeds black), Black Eyebrow (seeds black and yellow), 
Hahto (seeds olive yellow), Easy Cook [Easycook] (seeds 
straw yellow), Laredo (seeds black), Mandarin (seeds straw 
yellow). Address: Chief, New and Rare Seed Distribution, 
Bureau of Plant Industry.

610. Roberts, George; Ewan, A.E. 1920. II. The maintenance 
of fertility. Kentucky Agricultural Experiment Station, 
Bulletin No. 228. p. 121-30. July 1.
• Summary: There are four requirements for a fertile soil: “1. 
Good drainage. 2. Good physical condition (good tilth). 3. 
A suffi cient supply of mineral plant food, including lime. 4. 
A suffi cient supply of organic matter and nitrogen.” Each of 
these four requirements is discussed in detail.
 Table 16, titled “Approximate amounts of nitrogen, 
phosphorus and potassium in farm products and fertilizing 
materials” (p. 126-27) gives values for 42 materials including 
soybean seeds (80, 13, and 24 lb in 25 bu), soybean straw 
(80, 8, and 50 lb in 2¼ tons), total soybean crop (160, 21, 
and 74 lb), and soybean hay (50, 6, and 38 lb in 1 ton). 
According to Hopkins, legumes obtain, on average, about 
one-third of their nitrogen from the soil and two-thirds from 
the air.
 “Actual feeding tests at the Ohio Experiment Station 
have shown that as much as 1.3 tons of manure may be made 
for each ton of feed and bedding used, when a rotation of 
corn, soybeans, wheat, and clover furnished the feed, only 
wheat grain being sold.” The soybeans yield about 2 tons 
(4,000 lb) of soybean hay per acre. The four-crop rotation 
yields 17,000 lb of feed. So 1.3 x 17,000 “would give a 
production of 11 tons of manure per acre for one of the fi elds 
in the rotation each year.” This manure greatly increases crop 
yields. Used alone, manure was found to be worth $6.04/ton 
in increased yields. Used with acid phosphate, the increase 
in yields was worth $10.42 per ton. Address: 1. Head, 
Agronomy; 2. Asst. Agronomy [Lexington, Kentucky].

611. Orange Judd Farmer. 1920. Fields of “soys” in 
Champaign: Club members make tour of crop inspection. 
68(2):1062. July 3.
• Summary: “The soy bean club of Champaign county is the 
fi rst organization of its kind in the state. It was organized to 
grow soy beans, to study the various varieties, to discover the 
best ones for their purposes, and to sell these beans directly 
to the people who wish them. They expect to build up, 
through their organization a reputation for certifi ed, pure soy 
bean seed. There are about 700 acres of soy beans reported 
that will be harvested for seed this fall.
 Last Thursday, a group of farmers who are members 
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of this club, inspected about 300 acres of soy beans that are 
being grown in connection with their club. They visited the 
farms of Albert Carl, William Blue, B.F. Harris (manager 
J.M. Dowell), T.P. Chester, “the Mebany farm” (sic, the 
farm of Charles L. Meharry, managed by W.E. Riegel). At 
each farm they learned the details of how the soy beans 
were grown, including date of planting, preparation of the 
soil, inoculation, weed control, and harvesting. Varieties 
mentioned: A.K. and Mongol.
 A fi eld of corn and soy beans was inspected on the 
farm of William Blue. “In reply to the yield question, J.C. 
Hackleman of the University said, ‘We have tried four 
different varieties in corn where there is about one bean to 
each stalk of corn. The heavier, later maturing beans affect 
the corn yield four to six bushels, but the yield of beans is 
about three bushels. Most livestock men say that a bushel of 
beans is worth three to four bushels of corn in hogging down. 
The medium yellow makes the least cut in yield. This is the 
result of two years’ experiments.”
 W.E. Riegel, manager of the Meharry farm and 
“president of the Soy Bean club,” was in charge of growing 
150 acres of soy beans on this farm. He explained that a four 
year rotation of corn, soy beans, wheat and a pasture mixture 
composed largely of clover was being used on the farm. Last 
year out of 150 acres of beans, 50 acres were made into soy 
bean hay, the only kind used on the farm, and the other 100 
harvested for seed.
 Note: This is the earliest document seen (May 1998) that 
mentions soybean pioneer J.C. Hackleman at the University 
of Illinois. Address: Illinois.

612. Rindl, M. 1920. Vegetable fats and oils. IV-V. Semi-
drying oils. Soy bean. South African J. of Industry 3(6):518-
31. June; 3(8):742-49. Aug. [29 ref]
• Summary: These are 2 installments of a series of articles 
on vegetable fats and oils, forming a Report to the Advisory 
Board of Industry and Science on Vegetable Oils, Fats, and 
Waxes. Soybeans are considered among the semi-drying 
oils. Contents of Part I: Introduction. Early [soybean] 
experiments in South Africa. Botanical characters. Varieties. 
Germination. Inoculation. Technique of inoculation. Soy 
beans as a rotation crop for maize. Comparison of soy beans 
and cowpeas. Storage of seed. The soy bean as human food. 
Vitamines. Soy-bean [food] preparations: Soy-bean milk, 
soy-bean curd [tofu], the soy bean as a vegetable (baked, 
boiled, roasted, green beans [green vegetable soybeans], 
soy-bean pulp (kara)). Soy-bean meal [soy fl our and its 
uses]. Fermented soy-bean products: Fermented boiled beans 
(natto), ripened vegetable cheese (miso), the Chinese paste 
chiang, soy-bean sauce (shoyu).
 Contents of Part II: Oil content of seed produced in 
South Africa. Quality of oil from South African beans. 
Extraction of oils. Nature and composition of soy-bean oil, 
and methods of treatment. Uses of the oil. Soy beans as 

forage. Enemies of the soy bean. Method of shipment from 
the East.
 “The fi rst systematic trials [with soy beans] were 
initiated about 1903 at Skinner’s Court, on the Springbok 
Flats, and at the Natal Experiment Farms, Cedara, Weenen, 
and Winkle Spruit. These latter were continued until the 
season 1910-1911 when the fi eld trials referred to above [by 
the Transvaal and Natal Departments of Agriculture] were 
carried out by the Department of Agriculture in conjunction 
with Messrs. Lever Bros. and a large number of farmers” (p. 
519).
 The best yields during the 1910-11 season at the three 
Natal Experiment Farms were: At Cedara: Haberlandt 2,000 
lb/acre. Winkle Spruit: Mammoth Yellow 1,191 lb/acre. 
Weenen: Mammoth Yellow 1,400 lb/acre.
 “Method of shipment from the East. The beans are 
shipped in bags, vessels are well dunnaged, and a large 
number of wooden pipe ventilators are placed in the ships’ 
holds to keep the cargo from getting heated. The beans, on 
a long voyage from Eastern Asia to Europe, being liable to 
sweat, are sometimes dried before shipment.”
 Tables show experimental yields and chemical 
compositions of soy beans from different countries and soy-
related products. A diagram (outline-form) shows the various 
ways in which plants and seeds of soy beans are utilized.
 Note: This is the earliest English-language document 
seen (April 2013) that uses the term “soy-bean curd” to refer 
to tofu. Address: Ing. D., Prof. of Chemistry, Grey University 
College, Bloemfontein [Orange Free State, South Africa].

613. Lafayette Journal Courier (Indiana). 1920. Soybean 
raising advocated at large meeting: Growers from fi ve 
middle western states convene at farm of Fouts Brothers. 
Sept. 4. p. 4, cols. 4-5. Saturday evening.
• Summary: “(Special to the Journal Courier) Delphi, 
Indiana, Sept. 3–Soybean growers from middle western 
states, Indiana, Illinois, Wisconsin, Michigan and Ohio, 
attended the fi rst annual corn-belt meeting of soybean 
growers held today at the Fouts Brothers farms in the east 
part of Carroll county. Nearly 1,000 persons attended the 
meeting, some driving machines as far as 150 miles in order 
to be here. All sections of Indiana were represented.
 “The meeting was called for the purpose of discussing 
methods of seeding, cultivating, and harvesting soy beans 
and also for the purpose of standardizing varieties as much 
as possible. It fi nally was agreed that Ito San should be the 
standard variety for planting with corn, especially where an 
early variety was needed, and that Hollybrook or Mongol, 
commonly known as Early Yellow, was best adapted to this 
state for a late variety. Efforts will be made by the soybean 
growers to have most of the crop in this state planted from 
one of these two varieties, depending on what the beans are 
to be used for.
 Morning inspection: The morning program was given 
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over to an inspection of the soybean fi elds on the Fouts 
farms, where 100 acres are being grown for seed purposes 
and 150 acres more are being grown with corn for hogging 
or lambing down. The visitors also were given a trip through 
the community to see the large number of soybeans being 
grown.
 “Following a big dinner, at which baked and parched 
soybeans were served free by the Fouts brothers, pioneer 
soybean growers in this state, the afternoon program 
opened with an address by Prof. C.L. Christie, director of 
the agricultural extension and experimental departments at 
Purdue university.”
 Note: This is the earliest English-language document 
seen (Dec. 2012) that contains the term “parched soybeans.” 
It probably refers to dry roasted soybeans.
 “’There are about 200,000 acres of soybeans in Indiana, 
less than one acre to every farm in the state,’ he said. ‘When 
we consider that an acre of soybeans puts back from 40, 60, 
80, and sometimes 100 pounds of nitrogen into the soil, we 
sometimes wonder that they are not being grown much more 
widely than they now are. Thus, they are doing something 
for the soil. They also help solve the labor problems by 
letting hogs and lambs and sometimes cattle harvest the 
crop.’
 “’One of the biggest problems which the next 
administration will have to face will be the agricultural 
problem,’ he said.
 “’Sometimes, folks are going to wake up to the fact that 
they cannot pay a man in a factory four or fi ve times as much 
as a farm hand gets and still keep these men on the farm. If 
the big proposition now going on of building up industrial 
centers at the expense of the country is halted somewhere 
within a reasonable time, the problem will solve itself by 
forcing many of the men in the city back to the country in 
order for them to live at all.’
 “Modern homes: He urged construction of more modern 
homes or the modernising of farm homes as one of the best 
means to maintain a permanent set of people on the land.
 “Wallace E. Hanger, of Ohio State Agricultural college, 
discussed the outlook for the soybean business in Ohio. He 
estimated only 10,000 to 15,000 acres in the state.
 “Dr. W.L. Burlison, of the University of Illinois, told of 
the effects of soybeans on the yield of corn in experimental 
work in his state. Results obtained over the last fi ve years, 
he said, showed that the loss on the corn yield averaged 
6.7 bushels per acre, but that the yield of beans, with 
considerably more per bushel, as 5.4 bushels per acre, which 
more than offset the corn loss. He also urged standardization 
of varieties.
 “George Briggs, of the University of Wisconsin, told 
of methods used in handling soybeans in his state, declaring 
that farmers there were interested in it as a means of 
lowering the cost of milk production. He discussed various 
phases of the business. E.C. McGee [sic, Megee], of the 

Michigan Agricultural college, told of the soybean industry 
in Michigan.
 “’Soybean Bill’: William Riegel of Tolono, Illinois, 
known as ‘Soybean Bill’ in Champaign county, where he 
manages 800 acres for A.J. [sic, A.P.] Meharry, of Attica, 
Indiana, discussed methods of growing the beans in his 
state. C.B. Newton, a grower at Bowling Green, Ohio; Guy 
McKinnis, of near Indianapolis, discussed growing and 
harvesting problems, and I.J. Matthews, Winamac, county 
agricultural agent in Pulaski county, gave cost of production 
fi gures for the crop, showing that it took at least $43.79 per 
acre to produce them. Taylor Fouts, one of the brothers, 
discussed methods employed by himself and two brothers in 
seeding, cultivating and harvesting their crop.
 “All three men were former students at Purdue 
university, Taylor having been graduated in 1902. One 
brother, Noah, was a student there in 1885-86 and another 
brother, F.E., in 1888.
 “Plans were made for a similar gathering in 1921, which 
may be sent to another state, as the fi rst one was held in 
Indiana. The meeting today was arranged by W.A. Ostrander, 
of the soils and crops department at Purdue, and County 
Agent A.L. Hodgson, in co-operation with Fouts Brothers.”
 Note 2. This is the 2nd earliest document seen (Oct. 
2012) describing this historic conference.
 Note 3. This is also the earliest document seen (Oct. 
2012) that mentions W.A. Ostrander in connection with 
soybeans.

614. Goodrich, C.L. 1920. Factors that make for success in 
farming in the South. Farmers’ Bulletin (USDA) No. 1121. 
31 p. Sept. See p. 9, 11.
• Summary: The section titled “Practices that help to 
maintain and increase crop yields” discusses growing 
cowpeas, velvet beans, and other legumes (including soy 
beans, peanuts, vetch, bur clover, lespedeza, red, alsike, and 
sweet clovers).
 The section on “Organization of farm enterprises” 
compares two “one to six mule farms” in Sumter County and 
Brooks County, Georgia. They grow mostly cotton and corn. 
One has 8% of the crop area in peanuts, the other has 2%. 
One produces cowpea hay. The advent of the boll weevil and 
the high price of hogs has already started to cause changes in 
these farms. 
 Photos show: (1) “The soy bean [four plants + roots], 
a wonderful fertility maker, showing nodules on the roots. 
Similar nodules of varying size occur on the roots of all 
legumes. It is through these nodules that the legumes, 
working in cooperation with nitrogen-gathering germs that 
live in the nodules, are able to accumulate free nitrogen from 
the air. This makes it possible for the farmer who makes 
a practice of growing legumes to increase with economy 
the quantity of his crop and live-stock production, and 
by so doing add to the farm income” (p. 11). (2) Peanuts 
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grown between the corn rows to provide hog feed and 
increase fertility (p. 10). (3) Many sheep in a fi eld of corn 
and soy beans. They “have cleaned up the soy beans which 
were planted in this corn at the last working and are now 
beginning on the corn” (p. 26). Address: Agriculturist.

615. Rusk, E.W. 1920. Soy beans. Transactions of the 
Horticultural Society of Central Illinois 54:298-309. Nov. 
19. For the year 1920.
• Summary: Contents: Introduction. History. Soil 
adaptations. Inoculation. Seed bed, time of seeding and 
manner of seeding. Rate of seeding. Harvesting and 
threshing. Yield. Uses for which soybeans are grown: Seed 
(“at usual prices seed production pays well”), hay, forage. 
Protein supplement. Silage. Soil improvement. Soiling crop. 
Oil and soybean meal production. Human food. Varieties: 
For seed production, hay varieties, early maturing varieties.

 Concerning oil and meal: “The extraction 
of oil from soybeans is becoming a rather 
important industry. The oil is used in the 
manufacture of paints, varnishes, linoleums and 
soap. The meal resulting from this extraction... 
makes a valuable fertilizer of high nitrogen 
content.”
 There follows a question and answer 
session with Mr. Rusk, Mr. Funk [probably 
Eugene D. Funk of Funk Bros. Seed Co.], and 
Mr. Mann participating. Mr. Rusk generally 
answers questions. Mr. Mann, in a long 
statement, says: “I had 57 acres of soys. They 
threshed out 54 bushels.” Address: Farm Advisor, 
Adams County, Illinois.

616. Strowd, W.H. 1920. The relation of nitrates 
to nodule production. Soil Science 10(5):343-56. 
Nov. [20 ref]
• Summary: This is a summary of Part II of his 
PhD thesis submitted to the Graduate School 
of the University of Wisconsin. Discusses the 
effect of nitrate nitrogen on different parts of the 
soybean.
 “Introduction: When inoculated soybeans 
are grown in pure quartz sand, to which has 
been added an abundance of the essential plant-
food elements except nitrogen, the bacteria will 
assimilate suffi cient nitrogen to meet the normal 
demands of the plant. On the other hand, the 
soybeans will thrive equally as well without 
bacteria, provided suffi cient combined nitrogen 
is supplied in available form; for example, 
nitrates. For the farmer it is important to know 
what proportion of the nitrogen of the legumes is 
obtained from soil and what portion is obtained 
from the air by means of the bacteria.”
 “Effect of nitrates on legume bacteria: 

Hiltner (1900) found that nitrates inhibited nodule formation 
and that the inhibiting effect of a given concentration of 
nitrates was much greater in solution than in soil.”
 Strowd showed that combined nitrogen did decrease 
the soluble sugars in the sap of the soybean, but the 
concentrations of nitrate used were fairly high. Address: 
Depts. of Agricultural Chemistry and Agricultural 
Bacteriology, Univ. of Wisconsin, Madison, Wisconsin.

617. Hartford Courant (Connecticut). 1920. Undue alarm. 
Dec. 18. p. 12.
• Summary: “A professor in the course of an address given in 
this city on Thursday urged farmers to increase the quantity 
of nitrogen in the soil through the cultivation of certain 
legumes, notably soy beans, alfalfa and clover. Agriculture 
cannot fl ourish without nitrogen;” but nitrogen will escape 
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at the fi rst opportunity. But “the leguminous plants have a 
knack of grabbing their supply from the atmosphere;” they 
“even store up an excess in their roots.”
 He then came to an alarming conclusion: “The United 
States can exist only until 1957.” Then the people will starve 
due to the “utter exhaustion of all the nitrogen in the soil.”

618. Russell, H.L.; Morrison, F.B. eds. 1920. New farm 
facts. Wisconsin Agricultural Experiment Station, Bulletin 
No. 323. 100 p. Dec. See p. 55.
• Summary: The section titled “Acidity infl uences 
inoculation and growth” (p. 55) states: “Cowpeas and 
soybeans dropped off markedly in both growth and nodule 
formation, according to O.C. Bryan (Soils) and E.B. Fred 
(Agricultural Bacteriology), as soon as an excess of either 
acid or alkali appeared. Corn, on the other hand, made a 
reasonably satisfactory growth even under acid conditions 
which were suffi cient to stunt and to prevent the inoculation 
of the roots of both soybeans and cowpeas.”

619. Wing Seed Co. 1920. Price list for 1921 (Mail order 
catalog). Mechanicsburg, Ohio. 48 p. 25 cm. [33 ref]
• Summary: This price list appears to show that the company 
has suffered a major decline since 1920–despite the 
statement on the cover that the company doubled its entire 
business last year. Large, bold letters at the top of the cover 
state: “Important–This price list cancels all prices in 1920 
catalog.” The fi rst page, titled “A catalog every other year,” 
begins: “Owing to the extreme cost of paper and printing, 
we have defi nitely decided from now on, to issue a catalog 
only every other year... We have a moderate number of 1920 
catalogues left over from last year. We will send these where 
they are most needed as long as they last, but we are printing 
no new catalog this winter. In 1921 we will print a new one 
and will try to make it so attractive in every way that you 
will want to keep it for two years.” Many seeds listed in the 
1921 catalog are no longer available.
 Only one soy bean variety is now offered, Wing’s 
Mikado (p. 13). “One of our own originations.” No price is 
given in the catalog.
 On page 33 are listed Standard Inoculating Bacteria 
(“The guaranteed legume inoculator”–for soy beans and 
other legumes), 15 books on agriculture (incl. 4 by Joseph 
E. Wing), 14 books on vegetables, and 4 books on growing 
fl owers.
 In “Introduction to the fl ower department” (p. 15), 
Charles B. Wing notes that his mother was a lover of fl owers 
and 25 years ago grew them everywhere. But “there is 
simply no comparison between any of these varieties and the 
perfect specimens that the hybridists have given us today.” 
Hybrids are miracles. Address: Mechanicsburg, Ohio.

620. [Archival fi le on soybeans in Cuba: Docket (Legajo) 
2, fi les 1-10]. 1920-1946. Santiago de las Vegas, Cuba: 

Department of Agriculture (Departamento de Agricultura). 
Unpublished documents. [Spa]*
• Summary: This is a 3½-inch thick stack of ten bound, 
unpublished reports and collections of papers. File 1. 
Information concerning the soybean (frijol soya), with 
analysis of the seed and soybean products during the years 
1920, 1933, 1934, 1936, 1939, 1942. The fi rst page is an 
analysis (conducted in 1920) of the oil and water content 
the following soybean varieties listed in ascending order of 
oil content: Blanca (17.5% oil, 10.40% water), Amarilla, 
Negra, Wilson Five, Pekin [Peking], Early Brown, Gigante, 
Virginia, Arlington, Black Eyebrow, Hahto, Biloxi (19.40% 
oil), S.P.I. 40125 (19.60% oil, the highest). Many analyses 
from later years are also given.
 File 2. Correspondence concerning soybeans from 1934 
to 1946.
 File 3. Donations of soybean seeds from 1928 to 1936, 
sent from the Cuban Department of Agriculture (Agricultural 
Experiment Station at Santiago de las Vegas) to farmers 
in Cuba. By March 1933 two-pound packets of unnamed 
soybean varieties were being sent to quite a few farmers. By 
1934 ½-pound packets of each of 5 named varieties were 
being sent to farmers.
 File 4. Donations sent out in 1937. File 5. Donations in 
1938-1940. File 6. Donations in 1941-1946.
 File 7. Information on the industrialization of soya in 
Cuba during the years 1936-1941. Includes various letters to 
and from companies, including the Ford Motor Co. and the 
Compania Nacional de Aceites (both in Havana, each letter 
is cited separately). On 30 Jan. 1940 some 40 pounds of 
soybean meal were sent for use as pig feed.
 File 8. Information on soil inoculated with bacteria for 
the cultivation of soybeans during the years 1933-38, 1940, 
1941, 1943, 1945.
 File 9. Soybean varieties in Cuba during the years 1930, 
1935, 1937, 1938, 1942, 1943. A document dated 15 Jan. 
1937 (cited separately) lists 18 soybean varieties that have 
germinated in Cuba owned by the Cuban Department of 
Agriculture. In the museum are six varieties that have not 
germinated in Cuba. A similar list dated 18 Nov. 1938 (cited 
separately) shows 23 soybean varieties in Cuba; twelve of 
these are not found in the list of 15 Jan. 1937. A list dated 24 
June 1942 gives 34 soybean varieties actually cultivated in 
Cuba.
 File 10. Various businesses related to soya during the 
years 1933-1946. Includes letters to Ing. Antonio Portuondo 
from E.F. Johnson of Purina Mills and from W.J. Morse of 
USDA (each dated 1938, and cited separately). Address: 
Cuba.

621. Briggs, George M. 1920. Who says soy beans? 
Wisconsin Agric. Exp. Association, Annual Report 18:23-24.
• Summary: “It seems as though we all do. Wherever you 
go, someone is talking soy beans. The more the talk, the 
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more pep they seem to possess, which is quite comparable to 
the soil, in that the more soys it produces the more and better 
the following crops are. In these strenuous times when farm 
labor is becoming such a problem, we are all interested in 
increasing yields per acre and in raising more home grown 
feeds. Farmers who have tried soy beans are convinced 
that the soil is benefi ted beyond expectations and that as a 
soil builder this crop has an important place on all farms, 
especially where other legumes fail to grow. By the use of 
soy beans as a hay crop, the farmers of this state, who but a 
few years ago saw nothing but poverty, are now building up 
their herds and getting fi ne cream checks, which in turn will 
build up the homes, help educate the children and make life 
worth living.
 “Soy beans as a silage crop have met with great success 
here in Wisconsin. In many places the soys are planted by 
themselves, then mixed with corn at silo fi lling time. On 
hundreds of farms, however, the corn and soy beans are 
planted together and are being raised successfully... It’s 
not luck that spells success with soy beans, but pluck. Get 
acquainted with the dual purpose member of the legume 
family.”
 A full-page photo (p. 23) titled “Weeding soy beans–
Farm of C.S. Ristow, Black River Falls” shows two horses 
pulling a rig on which a man is sitting. Address: Madison, 
Wisconsin.

622. Lipman, Jacob G.; Blair, Augustine W. 1920. Report 
of the Department of Soil Chemistry and Bacteriology. New 
Jersey State Agricultural Experiment Station, Annual Report 
40:331-51. For the year ending June 30, 1919. See p. 346-48.
• Summary: The section titled “The continuous growing of 
wheat and rye with and without a legume as green manure, 
1918” (p. 346-48) states: “On July 17, 1917, plots 70 and 
71 were disked and seeded to Ito San Soybeans at the rate 
of 2 bushels per acre. A fair stand was secured, but much 
crabgrass came up among them and somewhat interfered 
with the growth.” Table 4 (p. 348) shows that the yields of 
grain and straw for both rye and wheat were greatest when 
they were followed by soybeans used as a green manure 
crop–45% greater than for wheat alone and 38% greater than 
for rye alone. Address: 1. Soil Chemist and Bacteriologist; 2. 
Assoc. Soil Chemist. Both: New Brunswick, New Jersey.

623. Scott (O.M.) & Sons Co. 1920. Scott’s soy bean 
catechism. Marysville, Ohio. 1 p. 26 cm.
• Summary:  See next page. This 1-page seed catalog is 
printed with dark brown ink on beige paper.
 “The growing of soy beans has long since passed the 
experimental stage. Their adaptation to all parts of the 
country and their value and place in agriculture, apparently 
surpassing all other legumes, has been determined. Their 
high feeding value and their usefulness as soil improvers 
make them valuable additions to our list of fi eld crops and 

they merit a hearty welcome from every farmer. They furnish 
the richest feed and improve your land while producing it. 
We believe that we are the largest distributors of northern 
grown soys in the country. We can at all times furnish most 
varieties. However as there is an extraordinary demand this 
season, please give fi rst and second choice when ordering. 
Many varieties are much alike. We not have several kinds not 
named here. The Early Brown is exactly the same as the Ito 
San, except that it seems to be hardier and is more plentiful. 
We advise ordering Early Brown. Owing to the great 
difference in price the Mammoth Yellow is an especially 
goof bargain this year.
 “1. What is this soy, or soja bean? The soy bean is an 
erect, rather hairy, leguminous plant, somewhat resembling 
the ordinary fi eld bean. It has been cultivated in China for 
more than 5000 years.
 “2. What use is made of this crop? In extent and variety 
of uses, the soy bean is one of the most important legumes in 
Asiatic countries. At the present time, in the United States, it 
is most largely grown for forage, although the soy bean and 
its products are now being used in a large number of other 
ways.
 “3. Why should I grow the soy bean? It is a legume, 
therefore a nitrogen gatherer. It produces a large yield 
of seed, an excellent quality of forage that is relished by 
all farm animals, is easily grown for harvest, is drought-
resistant, and is practically free from insect enemies and 
plant diseases.
 “4. How far north can they be grown? In general, the 
climatic adaptations are about the same as those for varieties 
of corn. Varieties mature in from 100 to 145 days.
 “5. What kind of soil does the soy bean require? The soy 
bean will succeed on nearly all types of soil. The best results, 
however, are obtained on mellow, fertile sandy loams, or 
clay loams. On poor soils they make a satisfactory growth, 
provided inoculation is present.
 “6. How about an acid soil? Do I need to lime? The 
soy bean thrives on soils that are too acid for the successful 
culture of clovers. However, the application of lime has 
invariably been found to increase the yield, both of forage 
and of seed.
 “7. Should soy beans be inoculated? Like all legumes 
the soy bean can utilize the nitrogen of the air only through 
the action of bacteria which produce nodules on the roots. 
The soy bean will give good results without inoculation, but 
in such case the nitrogen is taken directly from the soil and 
the land is made poorer. Why impoverish the soil when by 
means of inoculation the plant can get nitrogen from the air–
through the agency of legume bacteria?
 “8. How inoculate? Natural inoculation does not occur 
until the bacteria have been introduced into the soil. This 
can be done by using soil from a fi eld where soy bean plants 
have previously produced nodules. The better and simpler 
way, however, is by the use of pure cultures. Ask for “Scott’s 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   314

© Copyright Soyinfo Center 2018

Bacteria–Questions and Answers.” Scott’s bacteria are 
guaranteed to produce nodules. A dollar can is enough for a 
bushel of beans.
 “9. How should the seed bed be prepared? The same as 
for corn. Like corn the soy bean readily responds to extra 
cultivation. Plow early and deep. Harrow in the spring to 
prevent growth of weeds. Disking is suffi cient if the crop is 
to follow wheat after harvest, provided the ground is fairly 
mellow.
 “10. When is the best time for planting? Soy beans may 
be planted over a period extending from early spring until 
midsummer, depending largely on the latitude and the use to 
be made of the crop. In general the best time may be said to 
be about that for corn.
 “11. How deep should the seed be planted? About one 
inch. If a crust forms before the plants are up, it is well to 
break this with a weeder or light harrow.
 “12. What is the best method of seeding soy beans? 

Under nearly all conditions soy beans should be grown in 
rows 28 to 40 inches apart, and given about three cultivations 
in order to keep down the weeds. When the crop is to be used 
for forage and the soil is quite free from weeds, the soy bean 
may be drilled solid or broadcasted. Use the oats feed of the 
drill. Allow only every fourth spout to run when planting in 
rows.
 “13. How far apart in the row should the plants stand? 
Plants from 2 to 4 inches apart in the row give the best 
results.
 “14. How much moisture does this crop demand? One 
of the best qualities of the soy is that it is drought-resistant. 
However, they are not sensitive to excess of moisture. 
Drainage is not required.
 “15. What variety of soy beans do you recommend? 
The choice of varieties depends largely on the purpose for 
which the crop is to be grown. For early hay and for hogging 
off, or for following oats or wheat or for planting at the last 
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cultivation of corn to be used for fodder or for hogging off, 
Early Brown, Ito San, Elton, Manchu and Black Eyebrow. 
For a later (and larger) hay crop and for silage, Hollybrook, 
Ohio No. 9035, Mongol, Haberlandt, Wilson, Sable, A.K., 
Morse, Mikado, Virginia, and Medium Green. For seed, in 
the northern sections, Early Brown, Ito San, Manchu, and 
Black Eyebrow. The Mammoth Yellows are very plentiful, 
and cheaper than others. They can be used for hay, for silage, 
or for soil improvement, but not for seed production except 
in the south. In the lists above we try to indicate by the order 
in which they are mentioned the ones we are surest of having 
abundantly in stock. For instance, Hollybrooks, Ohio 9035’s, 
Mongols, Early Browns, Ito Sans, etc., are more plentiful 
than Virginias, Medium Greens, Black Eyebrows, etc.
 “16. Can soys be used in rotations? Yes, they are the 
most satisfactory legume, especially in short rotations. They 
may be used as a whole season crop as in Corn, Soys, Wheat 
and Clover or Grass rotation; or they may be used as a part 
season crop following small grain as, for instance, wheat.
 “17. How can I have a legume in the ground all the 
time? Plant soy beans with your corn. Soys alone the next 
year for hay, pasture, or seed. Follow with wheat in which 
you sow clover.
 “18. Does wheat or rye follow soys well in a rotation? 
Yes, and the ground needs no more preparation than when 
wheat follows corn. The yield is greatly increased because of 
the additional nitrogen stored in the soil by the soys and the 
better physical condition in which they leave the ground.
 “19. How much seed is required? Twenty to 30 pounds 
to the acre if in rows. Sixty to 70 pounds broadcast or drilled 
solid.
 “20. When should soy beans be sown for hay? Any time 
after the soil warms up in the spring. From the fi rst of May to 
the fi rst of August.
 “21. At what stage in the development of the plant 
should the hay be made? Any time after the pods form up to 
the time just before the leaves begin to drop off. At this stage 
the largest yield and best quality of hay is obtained.
 “22. What is the feeding value of this hay? Cut at the 
proper time soy bean hay contains more digestible nutrients, 
more carbohydrates than any other hay. Fed to dairy cows 
the Tennessee Exp. Station found that it produced 12% more 
milk and 18% more butter fat than alfalfa hay.” (Continued). 
Address: [Seedsmen], Marysville, Ohio.

624. Strowd, Wallace Headen. 1920. Part I. The 
determination of nitrites and nitrates in plant tissue. Part II. 
The relation of nitrates to nodule production. Part III. The 
forms of nitrogen in soybean nodule. PhD thesis, University 
of Wisconsin–Madison. 32 p. In: Library of Congress. 
Catalog Div. A List of American Doctoral Dissertations 
Printed in 1912-1932. 1921. *
Address: Univ. of Wisconsin.

625. Wing Seed Co. 1920. Catalog (Mail order catalog). 
Mechanicsburg, Ohio. 160 p. Illust. Index. 25 cm.
• Summary: This large (160 page), attractive seed catalog 
shows a company fl ush with success. On the front cover 
is a round color photo (see next page) of an elegant fl ower 
garden. The back cover contains a color photo of a boy 
playing with huge pumpkins and squashes. The Introduction 
inside the front cover states: “The season just past was the 
seventh since the opening of our vegetable seed department, 
and each year since we went into that business, we have at 
least doubled the previous year’s results” in terms of dollar 
sales. And the bulb business is growing even faster than the 
vegetable seeds. Yet each year the company has spent only 
25% more on advertising its products. After the world war, 
the worldwide demand for food is greater than the supply; 
so the price of food, land, seeds, fertilizer, and labor are all 
high.
 The section titled “Soy beans” (p. 51-53) begins: “The 
introduction of Soy Beans into American Agriculture marks a 
decided advance and we are proud of the fact that just as we 
were the fi rst to push Alfalfa in the Corn Belt, we were also 
the fi rst to push the Soy Beans in that territory. We are also 
proud of the fact that after having tested all of the important 
varieties sent out by the Government as well as secured 
from other sources, there are, we believe, no other varieties 
of beans sold in any larger quantities throughout the Corn 
Belt, excepting those which we ourselves have been pushing. 
Beginning fi fteen years ago to grow these beans on a small 
scale on our farm, we gradually acquired experience with 
this plant,...”
 “The Soy Bean is simply a wonderful plant and one that 
is unique in American agriculture, combining good qualities 
found in no other plant grown.”
 After discussing planting and cultivation, and harvesting 
for grain, it lists the varieties it sells: Wing’s Mongol (very 
similar to Wing’s Mikado [which is not listed], but matures 
about a week earlier), Ito San, Mammoth, Wing’s Extra 
Select Sable [good for forage or grain], Jet, and Wilson (for 
forage). Note that the company now offers only one of its 
own named varieties, Wing’s Mongol.
 Photos show: A customer standing waist-deep his fi eld 
of “Soys.” Ito San. Wing’s Pedigreed Sable (both plants with 
many pods and leaves).
 Wing was also a pioneer in promoting melilotus (also 
called sweet clover; p. 54). The index on the inside back 
cover list the products in fi ve categories: Vegetable seeds 
(48 types), fi eld seeds (30 types, including soy beans, 
legumes, grasses, corn and wheat), fl ower seeds (132 types), 
plants and bulbs (16 types), and miscellaneous (books on 
agriculture {incl. 3 books by Joseph E. Wing}, fertilizers, 
inoculation {incl. Nitragin and Mulford Cultures}, etc.). 
Address: Mechanicsburg, Ohio.

626. W.J. 1921. A soy-bean enthusiast. National Stockman 
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and Farmer 44(40):1191. Jan. 1.
• Summary: On July 10, the writer planted Ito San and 
Early Brown soy bean varieties. The beans were cut with 
a mower after the fi rst frost, about Oct. 9, and they will so 
well matured that they will make fi rst-class seed. Owing to 
the pressure of labor, this remote fi eld of beans “received no 
attention. Although they were drilled in rows, they were not 
cultivated. The ground was comparatively free from weeds, 
however. The purpose of planting the beans was to enrich 
the soil, and we planned to plow this fi eld and plant rye and 
hairy vetch. The beans did so well they were harvested.” 
The soy bean seems to stand the considerably acid soils of 
Ashtabula county. It is important to inoculate them, which is 
easily done with dirt taken from any soy bean fi eld.
 “Our soy beans are stacked near the barn. The pigs are 
working around the bottom of the stack, and every animal, 
horse or cow that gets near samples it as eagerly as a boy a 
hidden frosted cake. Even the hens pick away at the pods for 
a few beans. Beyond question the soy bean will go hand in 
hand with another valuable legume, hairy vetch, which not 
only withstands a degree of acidity but a wet, heavy soil as 
well.” Address: Ashtabula county, Ohio.

627. Loehnis, F.; Hansen, Roy. 1921. Nodule bacteria of 
leguminous plants. J. of Agricultural Research 20(7):543-56. 
Jan. 3. Plus 3 unnumbered pages of plates at end. [19 ref]
• Summary: This article begins: “Despite the fact that the 
nodule bacteria of the leguminous plants have been made 
the subject of numerous publications, it is not to be disputed 
that their true morphological and physiological character, 
as well as their correct systematic position, are by no means 
suffi ciently known. This is especially clearly demonstrated 
by the fact that they are still proclaimed by several writers to 
be the representatives of a special genus Rhizobium...” Note: 
This is the earliest English-language document seen (March 
2003) that uses the word “Rhizobium” in connection with the 
root nodule bacteria.
 Nodule bacteria from 11 different leguminous plant 
species were studied. It was concluded that these can all 
be “divided into two groups, differing morphologically as 
well as physiologically. The fi rst group shows all features 
characteristic of Bacillus radicicola Beijerinck.” It produces 
nodules on the roots of many legumes, not including 
soybeans or cowpeas.
 “The second group is characterized by monotrichic 
fl agellation, comparatively very slow growth on agar plates, 
and inability to cause a marked change in milk. It has been 
isolated from cowpea, soybean, peanut, beggarweed, Acacia, 
Genista, and Cassia.
 “According to the customary manner of classifying 
bacteria, this second group of nodule bacteria would have 
to be considered to be a new species, and according to the 
rules of priority, it would have to be named Pseudomonas 
japonica or Bacterium japonicum (Kirchner). But we do not 

advocate such a procedure, because only a complete study of 
the life history of these two groups of organisms would make 
it possible to say defi nitely whether they are, indeed, two 
distinct species or merely different types of growth of the 
same organism.”

“Bacillus radiobacter seems to be regularly present 
in the root nodules of leguminous plants, stimulating 
development and activity of the nodule bacteria. On account 
of its similarity to B. radicicola, it has been repeatedly 
mistaken for the nodule-producing organism in the cowpea-
soybean group, whose bacteria it outranks very considerably 
in the development on the plates made from the nodules. 
By its brown growth on potato, B. radiobacter can be easily 
differentiated from B. radicicola.” Address: 1. Soil Biologist, 
Bureau of Plant Industry, USDA; 2. Prof. of Soils, Univ. of 
Saskatchewan, Sasaktoon, Sask., Canada.

628. Stasser, G.C. 1921. Re: Inoculation of legumes. Letter 
to Mr. Roland Mckee, Washington, DC, Jan. 17. 1 p. Typed, 
with signature on letterhead.
• Summary: “Dear Sir: We have not made a practice in 
Alabama to inoculate for the garden beans. Some of our 
farmers have bought commercial inoculation for soy beans, 
cowpeas, alfalfa, and probably one or two other legume 
plants. I think it is generally understood that soy beans will 
not do well on most of our lands until after the fi rst season, 
or unless the seed is inoculated at the time of planting.
 “We have a concern in Montgomery, Alabama, which is 
now sending out inoculation for various crops commercially. 
The fi rm is the Southern Soil Bacteria Company, 226-28 Bell 
Building, Montgomery, Alabama.
 “Very sincerely, Horticulturist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence with State 
Agricultural Experiment Stations, 1899-1928. Alabama. Box 
no. 1.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Horticulturist, Cooperative 
Extension Work in Agriculture and Home Economics, 
Alabama Polytechnic Inst., Auburn, Alabama.

629. Bulletin de la Societe d’Acclimatation. 1921. Extraits 
des procès-verbaux des séances de la Societe: Botanique 
[Extracts from verbal proceedings of meetings of the 
Society: Botanical (Mr. Rouest)]. 68:138-39. Meeting of Feb. 
7. [Fre]
• Summary: “Mr. L. Rouest, director of the experimental 
farms for new crops named Lacygrazailles à Carcassonne 
(Aude) [in south central France] requests that the Society 
obtain for him varieties of soya and of wheat native to 
Manchuria for their acclimatization and study in France.
 Note 1. Hervé Berbille of France, an expert on the life 
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of Léon Rouest, says (e-mail of 14 Nov. 2011) “La ferme 
des Néocultures des Barthes,” is located in Villardonnel 
(a village), closed to Carcassonne (the main city of the 
département de l’Aude); and “Lucie-Grazaille,” which seems 
to be a neighborhood of Carcassonne (a kind of hillside 
to be precise). I guess L. Rouest worked at the farm of 
Néocultures and lived in Carcassonne, at Lucie-Grazailles. 
Note that “L’Aude” is the eponymous river of the department 
of l’Aude. According to Le Génie rural. Pyc-Édition, 1914, 
it seems that L. Rouest started to work at La ferme des 
Néocultures des Barthes, Villardonnel, in 1914. (exact month 
unknown to date).
 “For some years, Mr. Rouest has cultivated American 
varieties of soya which have acclimatized themselves well in 
France’s wine and corn region(s)... With these varieties, he 
has created numerous hybrids which are even better adapted 
than their ancestors.
 “He has obtained very early varieties, which can be 
cultivated like the haricot bean. The goal is not to replace 
the haricot, but to furnish agriculture with a plant with both 
forage and industrial uses. The soymilk industry would be 
very useful in the feeding of veal calves and piglets, says Mr. 
Rouest. Using soybeans cultivated in France, one could also 
make casein and numerous food products with a high protein 
content.” Note 2. This is the earliest document seen (Aug. 
2013) concerning the use of soymilk as a calf milk replacer. 
It is only an idea or proposal, however.
 “Mr. Rouest recalls that the Society for Acclimatization 
was the fi rst to propagate soybeans in France.
 “The president adds that soybean cake is remarkable 
for the feeding of carp. Very interesting experiments have 
been made in America and Hungary on use of soya as forage. 
Formerly, our colleagues Messrs. Paillieux and Bois have 
published very complete studies on this legume.
 “Mr. Chevalier gives very curious details on the soybean 
plantations cultivated in the French Congo [les plantations 
de Soja faites au Congo]. They only succeeded on land 
where soil from the country of origin of the plants had 
been spread. In this soil there are bacteria which favor the 
development of the soybean.” Note 2. This is the earliest 
document seen (Aug. 2009) concerning soybeans in the 
French Congo (Congo Republic), or the cultivation of 
soybeans in the French Congo. This document contains the 
earliest date seen for soybeans in the French Congo (Congo 
Republic), or the cultivation of soybeans in the French 
Congo (1921). The source of these soybeans is unknown. 
However, we have been unable to fi nd the document by Mr. 
Chevalier to which Mr. Rouest is referring.
 Mr. Charles Rivière presented a fruit of Lodoicea 
Seychellarum. Mr. Chevalier had traveled in Buitenzorg 
(Bogor), in Peradeniya (Ceylon), and in Malaysia.

630. Strowd, W.H. 1921. The forms of nitrogen in soybean 
nodules. Soil Science 11(2):123-30. Feb. [17 ref]

• Summary: Discusses the composition of soybeans as 
compared with that of nodules. An examination of 100 gm 
of soybean nodules failed to show the cyanide radical by a 
method sensitive to 0.01 mg of hydrocyanic acid. Of the total 
nitrogen in soybean nodules, 30-40% is soluble in water and 
40-55% is soluble in 10% salt solutions or dilute alkali. The 
soluble protein in nodules apparently contain no globulin 
and only a small amount of albumin. About 3% of the water-
soluble nitrogen was in the form of protein and proteose.
 Primary amino nitrogen formed 16% of the protein-free 
water-soluble nitrogen, and amide nitrogen 19.3%. Over 
60% of the total water-soluble nitrogen was precipitated by 
phosphotungstic acid.
 This is a summary of Part III of his PhD thesis submitted 
to the Graduate School of the University of Wisconsin. 
Address: Depts. of Agricultural Chemistry and Agricultural 
Bacteriology, Univ. of Wisconsin.

631. Agricultural News (Barbados). 1921. The soya-bean 
problem. 20(492):73. March 5. [4 ref]
• Summary: Begins by summarizing articles from three other 
publications on the importance of having root nodule bacteria 
in the soil if the soybean plants are to bear root nodules and 
give a good yield of soybeans. Concludes by summarizing 
the many uses of the soybean, especially in Japan and China, 
including vegetable milk, oil, meal, and non-food industrial 
uses, as in the manufacture of linoleum, explosives, water-
proof goods, rubber substitutes, and printing inks. “If 
vegetable milk is kept for several days, it turns sour, and can 
be used as butter milk. One fi rm in England is engaged in the 
production of a vegetable condensed milk, which is prepared 
from soya beans.” Address: Barbados, West Indies.

632. Briggs, Geo. M. 1921. How, when, and what of soy 
beans. Hoard’s Dairyman 61(9):359, 391. March 18. USA-
AgEx
• Summary: The best-known soy bean in Wisconsin is 
the little Wisconsin Early Black, which is used mostly to 
produce seed. The Early Brown variety is very similar to 
the common Wisconsin Black. Three varieties being quite 
extensively grown and maturing seed in Wisconsin are Ito 
San, Manchu, and Black Eyebrow, all of which come in the 
middle maturing class requiring 100-115 days for ripening. 
The Early Green and Early Brown are also grown in small 
quantities. Discusses: Inoculation. How and when to plant 
and grow soy beans for seed, silage, and hay.
 “In variety tests for silage, the Mammoth Yellow showed 
up about the poorest of any of our varieties, the Mongol, 
Ohio 9035, Greens, and the Haberlandt all being much better, 
while the Wilson, Ebony, Virginia, and many others had large 
tonnage, but had poor standing qualities and lodged quite 
badly.”
 “Wisconsin farmers are fi nding that on light soils soy 
beans are winners every time. They fi nd that on heavy soils 
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nothing can be lost by planting them in with their corn or in 
some of the timothy meadows so as to have some real hay. 
Soy beans are a new crop though and it is only by actual 
experience that the needs of the crop can be learned.”
 Photos show: (1) D.K. Barret of Wisconsin cutting soy 
beans in the fall of 1920 with a mower. (2) A man standing 
in front of a small bunch of soy beans to be cured for hay or 
seed. Address: Wisconsin College of Agriculture, Madison.

633. Morrison, Charles B. 1921. Meet Fouts brothers–
Soy bean pioneers: They grew 100 acres of seed and 150 
acres with corn in northern Indiana–Corn and soys are 
fed to live stock for profi t. Farm and Home (Springfi eld, 
Massachusetts; and Chicago, Illinois). March 21. p. 4, 17. 
Western edition.
• Summary: “In no state in our union is the story of the 
introduction and spread of the soy bean as extraordinary 
as that of Indiana. Interwoven in the tale of the leading soy 
bean producing state, with her annual crop covering over 
200,000 acres, is a minor story of co-operation, correlation 
and community enterprise which is outstanding in the annals 
of corn belt agriculture.
 “It involves the farming history of the three Fouts 
brothers of Carroll county, Indiana, who have worked 
together–shoulder to shoulder–under a system of family co-
operation and unifi ed effort, which is unique and unusual. 
The three brothers, as well as the son of one of them and the 
son-in-law of another, have all attended Purdue agricultural 
college. Today the quintet are pulling together in one of the 
leading soy bean businesses of the corn belt.
 “Taylor Fouts is the father of the soy bean business in 
Indiana. A graduate of the state agricultural college [Purdue], 
in 1902 he began raising soy beans as soon as he started 
farming.”
 The three Fouts brothers–Noah, Finis, and Taylor–
operate their three farms as individual units, but they work as 
one in marketing their crops. “Taylor Fouts, who has learned 
the soy bean business from personal experience assisted 
by the facts and fi gures furnished by the Purdue college of 
agriculture, initially raised the beans for several seasons 
and used sheep and hogs to harvest the crops and convert 
them into more concentrated and valuable form, before his 
two brothers essayed the work.” Their early work showed 
the effi ciency of “soys” in increasing crop productivity and 
lowering production costs in making mutton, pork, and wool, 
plus the chances to raise seed crops of considerable value. 
Local farmers took notice. “The results are really amazing. 
From practical oblivion and obscurity, the soy bean has come 
to be one of the leading cash crops in eastern and central 
Indiana. More than 20,000 acres of soybeans for seed and 
hay and corn and beans were raised within a 10-mile radius 
of the Fouts’ farms during the 1920 season... Recently the 
fi rst corn-belt soy beans conference, attended by more than 
1000 farmers, was held at Soyland, the farm of Taylor Fouts. 

“A cafeteria style luncheon was served, which featured the 
use of soy beans as palatable and nutritive articles in the 
human dietary. Then various specialists made short addresses 
concerning the culture, harvesting, and marketing of soy 
beans. The meeting was so successful that another similar 
soy bean day will probably be held next year.
 “The three farms aggregated 545 acres. The old 
homestead owned by Taylor Fouts covers 160 acres; that 
owned by F.E. Fouts [Finis Fouts, in southern Cass County, 
just east of Deer Creek] is also a quarter section [160 acres], 
while the farm of Noah Fouts aggregates 225 acres. The 
brothers pool their crops each season. They raise 100 acres 
of cultivated beans in rows annually which are harvested 
and sold for seed purposes as well as an additional 150 
acres of corn and beans which are largely harvested by hogs 
and sheep after reservations are made for fi lling the three 
silos. From a soil improvement standpoint, the fact that 
250 acres are planted to soy beans each year is outstanding. 
This system means that at the end of every second season, 
practically all the land on the three farms has been cropped 
to beans.
 “Develop seed business: The Fouts brothers were 
virtually forced into the seed business by the demands 
of their neighbors and corn-belt farmers. When the local 
farmers got the hunch that soy beans were prime assets for 
them to annex to their coterie of farm crops, they–one by 
one–applied to the Fouts boys for seed. Glad to aid in the 
expansion of the bean business, the Fouts brothers supplied 
these needs. The trade grew. Soon, farmers were coming 
from a 50 to 100 mile radius. Then the mail and express and 
freight ends of the business began to grow like quack grass 
in an infested meadow. Noah Fouts, the oldest brother–or 
by the way, all rattling good business men–saw that they 
must specialize in seed production and feed live stock as a 
subsidiary activity to furnish a home market for the surplus 
roughage and to assist in maintaining soil fertility.
 “At present, the Fouts’ seed package of 100 acres 
produces about 2000 to 2600 bushels of high quality seed 
each season. Early Hollybrook soys are grown, as they have 
proved to be best adapted to local conditions. The boys grow 
Hollybrooks in their corn, as this variety produces a wealth 
of fodder and forage. They also grow a limited seed acreage 
of Ito San for their northern Indiana seed trade, as beans of 
this sort better weather the season farther north and yield 
dependably and bountifully. The Fouts brothers sell their 
select seed at fair prices. Last year, they received between 
$6 and $8 a bushel for seed, their total sales amounting 
to approximately $14,000. They sell directly to farmers 
and thus eliminate the services of middlemen and seed 
purveyors.”
 There follows a detailed description of the methods 
and equipment used by the Fouts brothers in growing soy 
beans. “The four year rotation followed by the Fouts family 
consists of corn, soy beans, clover and some small grain such 
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as wheat, oats or barley. The corn and soy beans are both 
profi table feeding crops and invaluable soil enrichers.”
 Photos show: (1) The three Fouts brothers (oval 
portrait). (2) Many farmers at the fi rst Corn Belt Soy Bean 
Conference in 1920 standing in front of a barn on which 
is written “Soyland–Taylor Fouts.” (3) Two teams of two 
horses each pulling old fashioned self-rake reapers for 
harvesting soy beans. The brothers have found these work 
better than mowing machines equipped with a special 
bunching attachment. (4) Two people standing in a large fi eld 
of soy beans. “On the three Fouts farms aggregating 545 
acres at the end of the second season practically all of the 
land has been cropped to [soy] beans.”

634. Barber, W.A. 1921. He plants soybeans with corn. 
Breeder’s Gazette 79(13):599. March 31.
• Summary: “Our best practice has been to use a soybean 
attachment, and drill the beans in rows with corn at the time 
of planting, Many men object to drilled corn, on account of 
weeds, but we fi nd that a good stand of beans will take care 
of the weeds in the corn rows. Another advantage is that in 
cutting the soys for silage the beans have a tendency to fall 
across the rows, so that the corn binder will do a good job of 
picking them up.
 “We have been growing the Early Yellow variety, which 
seems to be a few days earlier than the Hollybrook, but 
otherwise the two are almost identical. Last year was our fi rst 
in growing them.” Address: Auglaize County, Ohio.

635. Evans, Arthur T.; Fowlds, Matthew. 1921. Soybeans 
in South Dakota. South Dakota Agricultural Experiment 
Station, Bulletin No. 193. p. 317-24. March.
• Summary: Contents: Introduction. The plant. Adaptations. 
Varieties: Manchuria, Manchu, White Eyebrow, Ito San, 
Black Eyebrow, Bopp, Saskatoon, Ogemaw, Mandarin, 
Chestnut, Early Brown. Additional varieties tested for hay 
in 1919 (Table 4): Mammoth Yellow, Swan, Haberlandt, 
Hollybrook, Mongol, Mikado, Morse, Medium Green, Sable, 
and Ebony. Note: All of these varieties failed to mature seed. 
Commercial varieties from O.M. Scott & Sons, Marysville, 
Ohio.
 Culture: Seed bed, time of seeding, method of seeding, 
inoculation, rate of seeding, cultivation, harvesting. Annual 
rainfall at the Brookings, Cottonwood, Eureka, Highmore, 
and Vivian stations.
 Tables show yields of soybean varieties for seed, 1914-
1920, and yields of soybeans for hay, 1915-1920. “Within 
recent years the soybean has become increasingly popular in 
South Dakota. This is probably in part due to a demand for 
a plant high in protein to be used as a hogging-off crop in 
corn. Rape may supply this but it lacks one feature which the 
soybean supplies, namely that of fi xing nitrogen.”
 “The soybean is a relatively new crop in South 
Dakota... About 30 varieties have been tested at the station 

at Brookings for one or more years. Those which failed to 
mature were discarded after the fi rst year.” The variety with 
the highest average yield was Manchuria, introduced from 
northern Manchuria. Its 7-year average yield was 22.5 bu/
acre. Mandarin had 2-year average yield (1919-20) of 28.0 
bu/acre, but Manchuria had an average yield of 36 bu/acre 
for these 2 years.
 Note: This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety Saskatoon–apparently 
named after the capital of Saskatchewan province in Canada. 
Address: Brookings, SD.

636. Kinney, E.J. 1921. Soybean project for junior 
agricultural clubs. University of Kentucky, College of 
Agriculture, Extension Division, Circular No. 94. 12 p. 
March. Later revisions in 1925, 1930, & 1936. [4 ref]
• Summary: Contents: Introduction. Selecting the plot 
for soybeans. Manure and fertilizers. Seed [varieties]. 
Preparing the seed bed. Time of seeding. The importance of 
inoculation. How to inoculate. Sowing the seed. Cultivation. 
Harvesting soybean for seed. Harvesting soybean hay. 
Threshing. Storing the seed. Selection of exhibits. Club score 
card–soy beans. Records. The story of the project.
 Describes for young farmers (ages 10-18 inclusive) 
how to grow and use soybeans. “The objects of the soybean 
project are (1) to familiarize the boys and girls with the 
culture of soybeans and their value to the agriculture of 
Kentucky and (2) to increase the interest of farm boys and 
girls in farm life.”
 “Requirements (p. 2):
 “1. Age–Club members must be 10-18 years (inclusive) 
of age.
 “2. The club member must agree to do the following 
things:
 “a. Enroll not later than June 1st.
 “b. Plant one acre of soybeans.
 “c. Use the best seed that he can get.
 “d. Follow the cultural methods given in this bulletin.
 “e. Cooperate in every way with his county agent and 
other club members.
 “f. Keep a record of the cost of growing the soybeans.
 “g. Write a short story of the project.
 “h. Make an exhibit of one peck [2 gallons or 8 dry 
quarts] of soybeans at some club show or other fair.
 “i. Attend club meetings.
 “j. Send record book with record complete to county 
agent not later than December 1st.
 “3. Prices for horse labor, man labor, etc., found in the 
record book, must be used in calculating the profi t on the 
project.
 “4. In awarding prizes club members will be graded 
upon the following basis:
 “Best yield (seed or forage)–30 points
 “Lowest cost of production–30 points
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 “Best exhibit–20 points
 “Best story ‘How I Grew My Crop of Soy beans’–20 
points.”
 “The Importance of Inoculation (p. 5): Nitrogen is one 
of the necessary plant foods. It is required in large quantities 
by growing crops, but the cost of commercial fertilizers 
supplying it is too great to permit using commercial forms 
very freely on most farm crops. Four-fi fths of the air is 
free nitrogen, but plants cannot use nitrogen in this form. 
First it must be combined chemically with oxygen and 
other elements to form certain compounds which are taken 
thru the roots of the plants. The members of one family of 
plants, known as legumes, however, are able to get most of 
their required nitrogen from the air. This family includes 
the clovers, beans, peas, peanuts and many others. The 
advantage they enjoy over other plants is due to the work of 
certain bacteria which live on the roots of legumes. These 
bacteria are able to combine the free nitrogen of the air 
with other elements and it is then taken up by the plants 
themselves. Thus legumes may take very little nitrogen from 
the soil and when they are plowed under or eaten by stock 
and the manure produced returned to the land, they add to 
the soil the nitrogen taken from the air. This is the method 
by which farmers must obtain most of the nitrogen required 
to keep their soils fertile; so legumes are of great importance 
to agriculture. When legume bacteria are present, knob-like 
enlargements called nodules are formed on the roots of the 
legume and in these nodules the bacteria live and work. 
This has led to their being called root-nodule bacteria. They 
are spoken of sometimes as symbiotic bacteria because the 
word symbiotic means living together in mutual dependence. 
Root nodules vary in size on the different legumes. Those on 
soybean and cowpea roots may be almost as large as peas, 
whereas those on clover are not larger than turnip seed.
 “There are many strains of root nodule bacteria each 
living only on certain legumes. Where any legume has been 
grown for one or more years the soil where it grew usually 
contains great numbers of the particular kind of bacteria 
associated with this legume and is said to be inoculated for 
this particular legume and for any others upon which the 
same kind of bacteria will produce nodules. The bacteria live 
in the ground for many years and if, at a future time, one of 
this group of legumes is again planted on the same land, the 
bacteria are there ready to inoculate the young plant just as 
soon as it starts growing. This is called natural inoculation. 
Clover has been grown for so many years in all parts of the 
country that most of our soils contain the clover bacteria 
and natural inoculation occurs. The same thing is true of 
cowpeas. In addition several cultivated and some wild plants 
have the same strain of bacteria as the cowpea. Soybeans 
are a relatively new crop, however, and as far as known, no 
other plant grown in this country bears the same kind of root 
nodule bacteria; hence, when soybeans are planted on land 
for the fi rst time, the proper kind of bacteria is not likely to 

be present and we must introduce it in some way in order 
that the plants may become inoculated and be able to get 
their nitrogen from the air. The process of introducing the 
right bacteria is called artifi cial inoculation.
 “How to Inoculate: If possible, get a few pounds of soil 
from a fi eld where soybeans were recently grown. Of course 
it should be known that these plants bore root nodules. 
Moisten the seeds and sprinkle the soil over them stirring 
constantly so that every bean may have a bit of the soil 
clinging to it. This bit of soil carries the bacteria which will 
inoculate the young soybean plant. It is better to dissolve a 
handful of carpenter’s glue in the water used to moisten the 
seed, but not absolutely necessary. Keep the seed away from 
sunlight because it will kill the bacteria.
 “If inoculated soil cannot be obtained, use a laboratory 
culture. Laboratory cultures contain bacteria grown on 
certain substances in laboratories. Directions for use always 
accompany the culture. County agents will furnish addresses 
of manufacturers of these cultures.”
 A photo on the cover shows a club member (a boy about 
10 years old) standing in his acre of soybeans. Address: 
Lexington, Kentucky.

637. Biggar, H. Howard. 1921. Soybeans–South Dakota’s 
new crop. Dakota Farmer 41(7):429-30. April 1.
• Summary: Discusses the history of the soybean, reasons 
for its increasing acreage in the United States, inoculation, 
and experiences of farmers growing the beans in South 
Dakota. “Thus far the growing of soybeans in South Dakota 
has been more or less of an experiment. However, during 
1920 a considerable acreage was planted in various sections 
of the state and the reports are on the whole pretty favorable. 
The leading county in South Dakota in acreage of this crop 
was Moody County, where County Agent Wilson reports that 
in 1920 115 farmers planted 4,820 acres, the acreage in 1919 
being only 500 acres.”
 “The Agronomy Department of South Dakota State 
College has made tests of many varieties of soybeans in 
the past few years. They report in part as follows: ‘The 
Mandarin, Manchuria 508, Manchuria 507 (now called 
Manchu), have all produced seed at Brookings. The 
Mandarin is the earliest and the Ito San the latest to mature 
seed... The principal enemy of soybeans is frost... The 
soybeans are valuable for planting with corn in order to make 
the silage richer in protein, thus making a material saving on 
the amount of grain required to feed with the silage.’
 “In Clark County about 210 acres of soybeans were 
planted in 1920. One of the best known growers is Chas. 
Blackman of Clark who will plant 30 acres in 1921. Mr. 
Blackman says in part: ‘I raised my fi rst soybeans in 1916 
when I ordered a few pounds from the State College at 
Brookings.’”

638. Marple, A.J. 1921. Soys–Good or bad? (Letter to the 
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editor). National Stockman and Farmer 45(1):11-12. April 2. 
[1 ref]
• Summary: “In the March 12 issue Mr. Lighty discourages 
the raising of soy beans for cow feed.” “I began raising soy 
beans for hay six years ago and it was my belief that it was 
the best cow feed I ever raised and also an excellent soil 
improver.” Several of his neighbors share the same opinion. 
He has begun encouraging farmers in his county to grow 
soy beans as hay for cows and (when properly inoculated) to 
improve their soil.
 “Is it possible that we are all wrong or, is it not probable 
that Mr. Lighty has not given soy beans a fair trial, as he 
admits that he has grown them only in an experimental 
way?” Address: Upshur county, West Virginia.

639. Indiana Farmer’s Guide. 1921. Barter and Exchange: 
Soy beans (Ads). 33(15):28-29. April 9.
• Summary: “Soy Beans.–Hollys [Hollybrook], Wilson, Ito 
San, Sable and Mikado. $4.00 f.o.b. Germination 96%–98%. 
Parsons & McKinnis, Camby, Ind.
 “Hollybrook Soy Beans.–Kile Killman, Smedley, Ind.
 “Soy Beans–Early Brown $3.50. Sable $4.00. 
Haberlandt $6.00 per bushel. Bags free. Extra quality, direct 
from farm. Burroff, Browns Valley, Ind.
 “Choice Hollybrook Soybeans.–$4.25 bushel. Sacks 
free. Cedar Creek Dairy, Milroy [?] Indiana.
 “Soy Beans–Hollybrook extra fi ne seed, $4.25 per 
bushel, bags free. Sample on request. Wm. Kinderman’s 
Sons, Boonville, Ind.
 “Soy Beans.–Choice, Ito San, $3.50 bushel F.O.B., sacks 
free. W.E. Brown, Markle, Ind.
 “Soy Beans.–Ito San and Hollybrooks. Chris O’Brien, 
Loogootee, Indiana.
 “Soy Beans.–Certifi ed Hollybrook seed direct from 
grower at reasonable prices. Walter Sturdevant, Noblesville, 
Ind.
 “Soy Beans–Early Brown $4.00 per bushel. Inoculated 
soil free, sacks free. C.M. Gushard, Laketon. Ind.
 “Soyland Seed Special–Certifi ed Hollybrook and Ito 
San soybeans. Clovers, and seed corn. Splendid seeds direct 
to you and at reasonable prices. Write us for circular. Fouts 
Bros., Camden, Ind.
 “Soy Beans–Ito San, Sweepstakes winner January State 
Corn Show. Also soy bean inoculate. Waiter & Pressel, 
Bluffton, Ind.
 “Soy Beans–Ito San. $4.50 per bushel. Sacks free. J.Q. 
Shoup, Middlebury, Ind.
 “Soy Beans–Certifi ed choice seed. Hollybrook and Ito 
San. Wm. P. Turner, Route 6, Lebanon, Ind.
 “Soy Beans–Ito San, $4.25 per bushel, sacks free. A.S. 
Thomas, Lafontaine, Ind.
 “Soy Beans–Choice Early Browns $3.00 per bushel. 
Ito Sans, $3.50 per bushel, bags extra. Sample on request. 
Studabaker Grain & Seed Co., Bluffton, Ind.

 “Soy Beans–Ito San, choice $4.25 per bushel, sacks free. 
High germination, free samples, Northview Farm, Muncie, 
Indiana.
 “Hollybrook Soy Beans–Fine quality. Bags free. $4.00 
per bushel. J.B. Edmondson. Clayton, Ind.
 “Soy Beans–Hollybrook, certifi ed by Purdue University. 
$4.00 per bushel. Ralph Loman, Cutler, Ind.
 “Soy Beans–Hollybrook and Ito San, best quality, bushel 
$4.75. Registered Seed Corn, Golden Dent, 98% germination 
$2.75. Jason Swihart, Howe, Ind.
 “Soy Beans–Hollybrooks, sample and price. Ray 
Masten, Amo, Ind.
 “Rate, ten cents per word each insertion–cash with order. 
No discounts.”

640. Ridgway, Frank. 1921. Farm and garden: Planting soy 
beans. Chicago Daily Tribune. April 18. p. 14.
• Summary: Basic advice for farmers or gardeners who are 
planting soy beans this spring for the fi rst time. It is essential 
to inoculate the seed.

641. Noll, C.F.; Lewis, R.D. 1921. Soy beans. Pennsylvania 
State College. Agricultural Experiment Station, Bulletin No. 
167. 20 p. April. [15 ref]
• Summary: Contents: Introduction and summary. Nature 
of the plant. History of the culture of soy beans. Uses of the 
soy bean crop: For stock feed, for silage, for oil, for hog and 
sheep pasture, for human food (incl. “as green shelled beans 
or as dry beans. The bean meal [or fl our] made either by 
grinding the beans or by grinding up the cake after the oil is 
expressed promises to become an important article of food”).
 Varieties of soy beans (p. 7): “The following are taken 
up [listed] in the order of frequency in which they are 
advertised: Mammoth Yellow, Ito San, Wilson, Medium 
Green, Hollybrook, Early Brown, Ohio 9035, Ebony, Elton.
 Soy beans vs. oats in a four year rotation (the common 
Pennsylvania rotation is corn, oats, wheat, and clover and 
timothy): Soy beans for seed or for hay. Soy beans grown 
with corn for silage.
 Culture of soy beans: Time and method of planting, 
inoculation, soil and fertilizers (“Soy beans prefer a well-
drained alkaline soil.”), harvesting, climatic requirements.
 Page 3: “The objects of this bulletin are to call the 
attention of Pennsylvania farmers to the possibilities of soy 
beans as a farm crop, to give the results of investigations 
with soy beans conducted at the Pennsylvania Experiment 
Station, and to give the essential points in the culture of the 
crop.
 “Soy beans are a hardy annual legume adapted to culture 
in Pennsylvania.
 “The forage is valuable for stock feed, the hay being 
equal to alfalfa or red clover. The seeds are high in protein 
and oil and when ground may be used like cottonseed meal 
or other supplementary protein feeds for stock. The oil meal 
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compares favorably with other oil meals as a stock feed.
 “Hundreds of varieties of soy beans are known. 
Varieties leading in yield of seed in tests at the Pennsylvania 
Experiment Station are Ebony, Elton, Manchuria, Merko, 
Mongol and Ohio 10,015; those leading in yield of hay are 
Ohio 7,496, Ohio, 10,015, Elton, Ohio 9,035, Ohio 9,016 and 
Merko.”
 Page 4: “History of the Culture of Soy Beans: The soy 
bean has been grown in China, India, and Japan more than 
5,000 years and in these countries it is a very important crop. 
The culture of this plant in the United States dates back to 
1804 (Morse 1918), but only during the last few years has 
it assumed commercial importance. In Pennsylvania, the 
estimated annual area for the years 1917-1919 as published 
in the U.S. Dept. of Agriculture Yearbook for 1919 was only 
2,000 acres. How small this total area is can be appreciated 
by comparing it with our 1919 area 614,536,000 acres of 
corn and 1,664,000 acres of wheat.”
 Page 29: “Inoculation: Where soy beans have not been 
grown before, inoculation is necessary. Pure cultures may 
be used or a soil transfer method. The soil and glue method 
of inoculating the seeds, devised by the Illinois Experiment 
Station (Burlison & Allyn 1917), is convenient and very 
satisfactory. Dissolve six ounces of dry glue in a gallon of 
boiling water. Sprinkle the glue solution over the seeds and 
sift inoculating soil over the wet seeds. Stir the seeds well 
and use only enough solution and soil to make the seeds 
slightly dirty. As soon as dry enough, or within two days, 
sow the seeds. A gallon of solution and two quarts of fi ne soil 
are suffi cient for over two bushels of seed.”
 Photos show: (1) Soy bean variety plots for seed 
production (cover). (2) A man standing in a fi eld of soybeans. 
“Soy beans in soy beans vs. oats rotation experiment July 30, 
1915. The soy beans were planted May 17th.”
 Contains 16 tables. Address: Centre County, 
Pennsylvania.

642. Layson, S.V. 1921. How to grow soy beans. Dairy 
Farmer 19(9):264-65. May 1.
• Summary: Although concerned chiefl y with cultural 
methods, this article discusses the unique features and 
benefi ts of soy beans, varieties, uses for soybeans on dairy 
farms (mainly hay, but also green feed or silage), yields, the 
price of seed, and enrichment of the soil with nitrogen.

643. Mathews, I.J. 1921. Practical soybean developments: 
Observations on timely topics by a dyed-in-the-wool soybean 
enthusiast. Ohio Farmer 147(20):647. May 14.
• Summary: “Let me commence by reaffi rming my faith in 
this crop. The half has not been told yet... The surface has 
not been scratched so far as using soybeans for food and as 
population increases it will be more and more necessary to 
use the legume as human food. Not many folks know how 
to cook soys so that they are good eating but when cooked 

by an expert, they surely are delicious. I am told that it takes 
about four hours to get them ‘done’ when cooked with the 
ordinary stew kettle but that the pressure cooker makes short 
work of cooking them.”
 “Some people can enthuse about the cowpea but I can 
not, except under specifi c conditions.” If grown on a fi eld 
year after year, cowpeas will quickly reduce its fertility to 
“nix” [nothing]. Soybeans would do the same thing, but not 
as quickly. “The beans gather more nitrogen for storage in 
the ground. Soybeans must be inoculated, and the inoculation 
seems to take better in sandy soil than in any other kind. 
The writer has seen soybeans “grown in rows of all widths 
of rows from 44 inches to solid, and the biggest yield came 
from rows placed 22 inches apart... and the beans from eight 
to 12 inches apart in the rows.
 Phosphate fertilizers are the best type to use with 
soys. “From the standpoint of biggest return on the money 
invested, beans fertilized with 250 to 300 pounds of acid 
phosphate were the winners.
 “The real thing for threshing soybeans is the regular 
bean thresher, but in the absence of this the grain separator 
can be rigged up to do good work.” Address: Pulaski County, 
Indiana.

644. Denier, Pierre. 1921. Les bactéries des nodules des 
légumineuses. D’apres les travaux de F. Loehnis et Roy 
Hansen [The bacteria found in the nodules of legumes. 
According to the work of F. Loehnis and Roy Hansen 
(Abstract)]. Revue de Botanique Appliquee & d’Agriculture 
Coloniale 1(1):24-29. May 15. [1 ref. Fre]
• Summary: A French-language summary of the following 
English-language article: Loehnis, F.; Hansen, Roy. 1921. 
“Nodule bacteria of leguminous plants.” J. of Agricultural 
Research 20(7):543-56. Jan. Plus 3 unnumbered pages of 
plates at end.

645. Agricultural Lime News Bulletin. 1921. Liming for 
more soy beans. 2(2):1, 3-4. May.
• Summary: Published by the National Lime Association 
in Washington, DC, this bulletin notes: “Because of its 
many merits, the soy bean is assuming a larger place as a 
general farm crop.” It adapts to a wide variety of soils but 
inoculation is essential for good yields. Nitrogen-fi xing 
bacteria do not grow well in acidic soils; liming will correct 
this acidity, thus creating a favorable environment for the 
bacteria.
 Tests on the response of soybeans to liming (average 
of tests in 4 states) show hay yields increased to 2,651 lb/
acre from 1,964 lb/acre with liming, and grain / seed yields 
increased to 12.25 bu/acre from 7.6 bu/acre with liming.
 A photo shows two men standing in a fi eld divided 
into two: (1) Limed soil with corn and soy beans, and (2) 
unlimed soil with corn only. An illustrated bar chart shows 
the response of soybeans to liming in yield of hay and grain; 
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the exact fi gures are given above.

646. Kinney, E.J.; Roberts, George. 1921. Soybeans. 
Kentucky Agricultural Experiment Station, Bulletin No. 232. 
p. 23-57. May. [1 ref]
• Summary: Contents: The utility of soybeans. Comparison 
of soybeans and cowpeas (in the place they fi ll in the 
cropping system or rotations). Varieties. Character of the 
plants. Description of varieties: Haberlandt (the variety 
grown most extensively in Kentucky), Lexington, Virginia, 
Peking, Sable and Royal (both introduced and named 
by an Ohio seedsman), Sooty, Mammoth, Ito San, Black 
Eyebrow, Early Brown, Manchu, Wilson, Guelph (also called 
Medium Green and Early Green), Medium Yellow, Mongol, 
Mikado, Tokyo, Hollybrook, Tar-heel Black, Morse. Yields 
of varieties (in trials at the Kentucky station, 1911-1920). 
Farm yields. Hay yields. Soybeans in the rotation. Culture of 
soybeans: Preparation of the seed bed, inoculation, methods 
of planting soybeans, yields of hay from rows and solid 
drilling, rate of seeding, setting the drill to sow soybeans, 
time of planting, cultivation (with a weeder or spike-tooth 
harrow), harvesting soybeans (when to harvest, methods 
of harvesting), threshing soybeans. Combined soybean 
harvesters and threshers. Soybean straw. Care of seed. 
Growing soybeans with corn. Mixtures of soybeans and 
other crops for hay production. Soybeans for silage.
 Concerning small- vs. large-seeded soybeans (p. 30): 
“Usually the very small seeded sorts do not yield quite as 
heavily of seed as the larger seeded varieties. The difference 
is not great, however. The size of the seed has no infl uence 
upon the size of the plant produced; hence small seeded sorts 
are much more economical to sow, for a bushel of a small 
seeded variety may contain twice as many seeds as a bushel 
of another having large seeds, so only half as much seed as 
the former is required per acre. The shrewd buyer should be 
willing to pay more for such seed. Furthermore, germination 
of the small seeded sorts is likely to be better in hard crusted 
ground because the cotyledons are smaller and encounter 

less resistance in breaking thru the surface. The seeds of 
some of the small black seeded sorts are very resistant 
to decay and germinate after lying on the ground all 
winter. Where the seed crop is hogged down or fed 
without threshing, there is a decided advantage in using 
a variety with yellow or green seeds, because stock can 
fi nd them more easily when shattered out on the ground. 
In threshing more cracking of the seed occurs in large 
seeded sorts than in the small seeded ones.”
 Concerning the Mammoth variety (p. 33): “The 
chief variety of the Cotton Belt and by far the most 
extensively grown of any variety in the United States. 
The introduction of this excellent variety in 1882 was 
largely responsible for the greatly increased interest in 
the soybean in this country.”
 Yields (p. 36): “In 1915, after a careful consideration 
of the yield produced and other characteristics of these 

varieties, it was concluded that Haberlandt and Lexington 
had shown the best combination of desirable qualities for 
general purpose varieties. Ito San was chosen as the best 
of the early sorts, and Peking the best of the distinctly hay 
varieties.”
 Tables show: (1) Yield of soybean in variety tests, 
1911-1920. (2) Yields of soybean hay on soil experiment 
fi elds. (3) Yields of soybeans in 28 and 35-inch rows. (4) 
Yields of soybeans drilled solid compared to 35-inch rows 
for same years. (5) Yields of soybean hay from different 
methods of seeding pounds per acre. (6) Yields from 
thick and thin seeding. (7) Yields from various methods 
of combined planting of corn and soybeans. Address: 1. 
Assoc. Agronomist; 2. Head Agronomist. Both: Lexington, 
Kentucky.

647. Smith, J.W.R. 1921. Growing soy beans. Bean-Bag 
(The) (Lansing, Michigan) 3(12):22-23. May.
• Summary: “There will be the largest acreage ever sown of 
the soy bean this coming season, if the present inquiry for 
seed is an indication of future activities.
 “They should be grown because of their high feeding 
value. In digestible nutrients they are four times as rich as 
corn or oats, being equal to cotton seed meal for balancing 
the ration. As a hay, soy beans are more palatable than alfalfa 
and twice as rich in digestible nutrients as clover.
 “Another advantage in growing soy beans is that these 
beans may be grown with ensilage corn and harvested 
without extra expense. The same method may be used when 
‘hogging down’ the crop. Most farmers grow them for 
hay; although farmers who grow them for seed are richly 
rewarded by an increasing demand, at higher prices.
 “In preparing the soil, use the same method as for oats. 
After the corn is planted, re-harrow the ground and roll or 
drag until smooth and fi rm, then drill with the grain drill 
using all the hoes [sic, holes], or closing part, making the 
rows 24 or 28 inches apart, that they may be cultivated. 
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Lime, phosphorus and bacterial inoculation are 
essential!
 “Most every farmer who grows seed will 
supply freely, or at small cost, richly inoculated 
soil to his neighbors or customers. Ten or fi fteen 
pounds of soil should be stirred into water that 
has had a little sugar or syrup added to make it a 
little sticky, until the water is very muddy. Then 
apply the water to the beans, wetting the surface 
and then excluding the light until put in the drill 
box. Keep the soil in the dark until ready to mix 
in a dark room. This method is very simple, 
inexpensive, and effective in starting a good 
development of bacteria.
 “Selecting varieties: Many inexperienced 
growers make the mistake of buying the seed 
costing the least per bushel, since it requires 
more bushels of large beans like Medium Green 
or Holly Brook [Hollybrook], or Mammoth 
Yellow than is required if Virginia, Wilson, or 
Ebony is used.
 “When planted with corn, varieties maturing 
with corn should be used, viz., Wilson or 
Virginia with Leaming corn for ensilage, or 
Holly Brook, or Austin for ‘hogging down.’ 
Large grained yellow varieties should be planted 
for the latter use. Varieties such as Medium 
Green or Early Brown should be used in the 
northern sections of the Corn Belt, while the 
larger yielders like the Wilson, Virginia, and 
Mongul [Mongol] that require a longer period 
for ripening are the most profi table for seed and 
hay in the Central and Southern Corn Belt.
 “Buy acclimated seed from your neighbor, 
or a grower in your latitude. Select the variety 
for your main crop and then test one or more in 
one or two pound packages–testing is the only 
safe guide.” Address: Adena, Ohio.

648. Fred, E.B. 1921. The fi xation of atmospheric nitrogen 
by inoculated soybeans. Soil Science 11(6):469-77. June.
• Summary: On a poor, light sandy soil which had not 
carried a leguminous crop for 20 years, inoculation increased 
the yield of Ito San soybean tops (not including roots and 
nodules) 1,787 pounds per acre, or more than threefold (to 
2,598 lb. with bacterial inoculation, from 811 lbs without 
bacteria). Inoculation increased the weight of nitrogen in the 
crop from 8.33 lb to 65.36 lb per acre, approximately 87% 
of this increase being in the tops of the plant. The increased 
nitrogen content of the roots and nodules of the inoculated 
plants greatly benefi ted the rye crop in the succeeding year.
 Inoculated soybeans took 26% of their nitrogen from the 
air.
 Photos show: (1) A fi eld divided into inoculated and 

uninoculated plots of soybeans on plainfi eld sand; a man 
is standing in the more luxuriant inoculated side. (2) Ito 
San soybeans from 137.5 square feet of the inoculated and 
uninoculated plots side by side for comparison. The plants 
from the inoculated side are taller and more massive. 
 (3) Ten soybean plants uninoculated (left bundle) 
compared with 10 soybean plants inoculated (right). Address: 
Agric. Exp. Station, Univ. of Wisconsin.

649. Pratt, J.W. 1921. Real soy success. Bean-Bag (The) 
(Lansing, Michigan) 4(1):26-28. June.
• Summary: Some Illinois farmers tried out soys for hay and 
for the silo before there was much demand for seed. They 
also discovered that soy beans left the soil in much better 
physical condition for the next crop.
 “Probably the Corn Belt farmers in Illinois and Indiana, 
two or three of whom have made notable success in soy 
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growing, have had much to do with giving this legume its 
rightful place. The C.L. Meharry farm near Champaign, 
Illinois, grows soys successfully–200 acres of ‘em. Mr. 
Riegel, manager of this 800 acre farm, has learned the game 
thoroughly through eight years’ trial, the earlier years being 
in some degree failures. With each of these failure years 
came a lesson until now W. E. Riegel is sought from far and 
near for information as to soys and also as a speaker on this 
subject at Farmer Institutes and Short Courses.
 “The 160 to 200 acre fi eld of soys which appears every 
season on this farm has become one of the show places of 
the Corn Belt and as such is used frequently by the U. of I. 
[University of Illinois] during the summer.
 “This manager, to whose untiring energy and study is 
due the success of the soy bean crop, believes success is to 
a great degree due to careful preparation of the ground. The 
soil must be worked and reworked till it is fi nely pulverized. 
Then the seed–one bushel to the acre–must be inoculated 
with dirt from a soy bean fi eld. It may seem that much time 
is consumed in preparing this ground, but note this fact: as 
the reaper cuts the soy crop in the fall, the drill follows right 
on its heels with the wheat sowing; for not even a disc need 
run over the ground for wheat, which is the proper crop to 
follow.
 “After having the pulverized seed bed, the beans are 
sowed with a grain drill using the oats openings and sowing 
the seed 1 to 1½ inches deep. Cultivation must follow closely 
on planting. Here boy labor may be used. The weeds must 
be fought early and often. A boy can drive the favorite weed 
fi ghter, a rotary hoe, across the fi eld back and forth just as 
well as a man. This cultivation comes at about the same 
time as corn cultivation, hence the boy labor proposition is 
valuable.
 “If a crust has formed over the beans from a hard rain, 
not an hour’s unnecessary delay should be allowed in getting 
on the fi eld with the rotary hoe or spiked-tooth harrow or 
weeder. Thus the bean necks will be saved which otherwise 
would break in trying to get through the crust. This use of 
unskilled labor adds to the cash value of the crop.
 “The fact that this growth leaves the ground in prime 
condition for wheat is no small one. Soys fi t into the rotation 
perfectly. As seed they produce a splendid cash crop. After 
threshing out the seed the hullings are good feed. As hay a 
soy bean crop is far superior to alfalfa in rich feed. These are 
fi ve good reasons for soys.
 “On the C. L. Meharry farm soy beans have for six years 
supplanted oats which both Mr. Riegel and the owner regard 
as an unprofi table crop and a soil robber. The rotation now is 
and has been for years, corn, soy beans, wheat and clover.
 “Soys are put into every hill of corn. This corn and soy 
combination is a money maker as well as labor saver.”
 “Soy feed is a substitute for tankage. When soys or 
soy bean hay is available in the self feeder, hogs eat less 
tankage–in fact 75 to 80 per cent will be saved. This farmer 

says that by actual observation they had 300 hogs eat 100 
pounds tankage a day. When put on corn and soys in the 
fi eld, 100 pounds lasted them three days. The culls–i.e., 
the splits and smalls not suitable for seed–will be about 10 
percent of the crop and these are good feed.”
 “From 100 acres this farm harvested 2200 bushels of 
soys which sold at $5 per bushel.” The Mongol soy bean 
is a favorite here and for these reasons: it makes fi ne hay, 
growing its pods 4 to 5 inches from the ground. Being 
high the binder cuts it more easily than other varieties, as 
the A.K., where the pods are low. The pods of the Mongol 
hold the seed well and will stand much wetting without 
shedding the seed–e.g., Early Brown pods split and scatter 
the seed after repeated wettings. The Mongol splits less in 
the thresher than other varieties and it matures later. The 
earlier varieties, as A.K., are valuable to grow with corn for 
hogging, or cattling or sheeping down.
 A photo shows a rotary hoe used on the soy bean farm of 
C.L. Meharry near Tolono, Illinois.
 “For seed the crop is harvested in late September or the 
fi rst week of October when the leaves have fallen. A binder 
is used for harvesting and an ordinary threshing machine to 
thresh the beans, reducing the speed of the cylinder to 350 
revolutions, but keeping the balance of the machinery to 
normal speed.
 “Before storing in bins to any depth, the beans must be 
allowed to dry out; otherwise they will be damaged for seed.
 “This manager believes soys can be grown as far north 
as corn. He also believes that there is some reduction, though 
a very small per cent, in the corn yield when soys are grown 
with it.
 “The success of this farm man in the soy business has 
encouraged others to grow them. Now this grower and his 
associates in the county–meaning the Soy Bean Association–
are cudgelling their brains to fi nd the ways of utilizing the 
crop when the seed business wanes. No sign of waning yet, 
for the mail end of Mr. Riegel’s soy seed business keeps one 
busy at his desk during the sale season. He sells direct to the 
farmers when he might sell in 1000 or 2000 bushel lots seed 
houses. Demand is greater than supply.
 “At the formation of a National Soy Bean Association 
last fall at the time of the International Stock Show in 
Chicago, W.E. Riegel was made president. That association 
is invited to meet on the C.L. Meharry farm where this 
successful soy beaner is boss. Will you be one of the 3000 
people expected at that picnic of soy beaners?” Address: 
Tolono, Illinois.

650. Pratt, J.W. 1921. Utilization of the soy bean crop. Bean-
Bag (The) (Lansing, Michigan) 4(2):26-27. July.
• Summary: In the last “issue of The Bean-Bag you were 
introduced to W.E. Riegel, the soy-bean man. You learned 
that he succeeds in the soy business because he is attentive to 
details in raising the crop–such details as securing a perfect 
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seed bed, seldom using seed over a year old, doing careful 
planting and wasting no time in the use of the rotary hoe for 
fi ghting the weeds.
 “In late August or early September the crop is harvested 
when for hay, later when for seed. After mowing, the crop is 
left on the ground to cure for several days. If rains come the 
crop is apparently forgotten and is left alone till it dries out. 
It is injured less than any other hay would be with repeated 
wettings. Care is taken that the hay is well dried before 
putting in the barn, to escape mold.
 “Stock on this 800 acre farm thrive on soybean hay. 
They like it and do not tire of it. It is rich in concentrates 
and balances corn admirably. Stock fed upon this hay needs 
less tankage and oil meal. Cows thrive on it as shown in 
the increased milk supply. Hogs rush to the bins in the self 
feeder which contain this feed either as hay or cull beans. 
It is a favorite with horses and sheep. Mr. Riegel says, ‘We 
know clover is better than timothy, alfalfa is better than 
clover. We believe soy-bean hay is better than alfalfa.’
 “The culls partially cooked and mixed with bran and fed 
warm to a fl ock of a hundred hens three or four times a week 
proved to be a good egg producer. Not a day in the coldest 
weather but eggs were to be had from this small fl ock.
 “As human food soy beans make an excellent winter 
dish, but must be properly prepared to be palatable. A 
farm family where hearty meals are necessary fi nds this a 
nourishing and inviting edible. Here is the recipe: Soak 4 
cups soy beans over night or better for 24 hours. Boil slowly 
for 4 hours, putting 1 teaspoon soda in during last half hour. 
Pour off this water and cover with cold, rubbing thoroughly 
with hands. When many skins or hulls will come off. Drain–
Now comes the real recipe. To the beans thus prepared add 1 
quart canned tomatoes and 1 cup catchup or 1 cup chopped 
pickle, ½ cup brown sugar, 1 tb. spoon [tablespoon] fat, 
pepper and salt and onion taste. Bake 4 hours or more.
 “On account of the long preparation this is practicable 
only to the big range in the farmer’s kitchen but it is 
invaluable there as winter food. Each time warmed over adds 
to the tastiness of this dish.
 “The soy bean was a favorite in canning factories when 
war prices sent navy beans soaring with prices of meat. You 
probably have eaten soys in your canned beans from the 
corner grocery and did not know it.
 “Soy beans are straight money makers when harvested 
for seed. The vines and hulls left after threshing out the 
beans are also good feed, equal to timothy and are especially 
good for horses and mules. When storing the beans in bins, 
care is used not to fi ll deeper than two or three feet until the 
beans are dry. They are shiny and smooth when in prime 
condition.
 “This crop is always in ready sale. The same customers 
call year after year. Mr. Riegel has 2000 to 2100 bushels each 
year. He reserves 200 to 300 bushels for his own planting. 
He has taken the trouble year after year to sell direct to the 

farmers or sometimes through the County adviser. Seed 
houses are willing customers.
 “In the sale season orders pour in through the daily mail, 
by phone, by wire, by auto and even on horseback. ‘Beans 
is beans’ is Mr. Riegel’s motto for the early spring months. 
Bags are furnished free and suffi cient inoculated dirt is 
shipped for the order if requested. The orders run from one-
half bushel to 200. In fact a woman in Florida ordered a pint 
and added a postscript, ‘Please send advice and directions 
how to plant and harvest the crop.’
 “Both Mr. Meharry, owner of the farm, and Mr. 
Riegel, as well as the county adviser, have been pioneers 
in spreading the knowledge of soy beans. They have been 
desirous of seeing more farmers raise them. This is why 
they have been willing to sell in small as well as in large 
quantities. Indeed during the sale season this manager can 
scarcely call his life his own.
 “There are many reasons why soys are a fi ne crop for 
any farm. They make good feed and good sale. Much labor 
in plowing is saved for they leave the fi eld ready for wheat 
which is the proper crop to follow. The fertility of this large 
farm has been greatly increased by using this crop.
 “The Mongol and A.K. have been the two favorites 
here, the Mongol perhaps being in the lead of favoritism. 
However; the two work together better than either alone 
because the A.K. ripens earlier, thus distributing the labor 
of the crop. The Mongol ripens later and in Mr. Riegel’s 
estimation is unequalled in all points for a commercial crop.”
 “A use for soy beans which perhaps has given its 
greatest value on the farm in question is that of feeding 
hogs by turning them into the fi eld where corn and soys are 
grown together. This has proved to be a feed of excellence 
for fattening hogs. ‘Hogging down corn’ is often heard. 
‘Hogging down corn and soys’ is a newer term in farm 
psychology, but is of greater value. The soys provide the 
protein. This combined with the fat producing elements in 
the corn makes a well-balanced meal for hog or horse or 
cow or sheep. With access to this free cafeteria the stock 
need little care. The temporary fence must be moved every 
few days to enclose another ten or twenty acres as the feed 
is consumed. A run of a few weeks here brings the hogs up 
to excellent condition for market. Sheep gain fast and like 
the feed. They are good gleaners. They had 400 feeder sheep 
on this farm ninety days. They were on wheat stubble six 
weeks and the rest of the time on corn stalks and beans. They 
gained twenty-eight pounds. Calves have been brought up 
to 900 pounds in ten months on corn, soy-bean hay and cull 
beans.
 “Mr. Riegel considers soy beans are worth from $85.00 
to $125.00 per acre. They yield two to three and one-half 
tons of hay per acre and ten to twenty-fi ve bushels of seed.
 “On September 1 is to be held the second annual 
meeting of the Soy Bean Association on the C.L. Meharry 
farm near Tolono. This till be a gala picnic day. Men 
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prominent in the soy bean business will be present. Come!”

651. Pharos-Tribune (Logansport, Indiana). 1921. Big 
crowd at soy bean meeting. Aug. 24. p. 10, col. 1.
• Summary: “The Soy bean conference which was held 
Tuesday at Soyland on the farm of Noah, Taylor and Finis 
Fouts, 10 miles south on the Michigan highway in Carroll 
county was well attended by Soy Bean raisers from all over 
the central states. The Fouts brothers are the largest raisers of 
Soy Beans in Indiana, and every year a meeting is held there 
under the auspices of the county agent of Carroll county.
 “At the noon hour a basket lunch was enjoyed, which 
was spread on the beautiful shaded lawn at the Fouts 
home. After the picnic dinner the following program was 
carried out: For men: Soy Beans from all angles, varieties; 
Inoculation (commercial and soil), Cultural methods, Uses, 
(commercial and farm), Place in Rotation, Harvesting and 
Threshing.
 “For Women: A study in Beautifying the Farm House 
and Modern Home Convenience. A lady being in charge of 
this work.
 “The main address of the afternoon was given by Ward 
Ostrander, of the agriculture extension department of Purdue 
university. He discussed the value of the soy beans to the 
soil, explaining that while clover can be produced only on 
certain kinds of soil, soy beans can be raised on any kind 
of soil. It makes good hay, or the beans can be threshed out 
for seed and sold and the straw used for feed purposes. He 
explained that the soil is much enriched by the growing of 
the beans. Other speakers of the day discussing the value 
of the soy bean were William Schrock, winner of the fi rst 
prize for soy beans at the National Hay and Grain show at 
Chicago [Illinois] last year; Noah and Finis Fouts, William 
Brand, representing the Huntington Chemical company of 
Huntington, Indiana, and M. Matts, county agent of Warsaw 
[Indiana].
 “A musical program was furnished by the Carroll 
township quartette.”

652. Times (London). 1921. “Manna” food. The soya bean in 
England. Sept. 29. p. 7, col. 6.
• Summary: “Experiments in the growing of the soya bean–
the ‘manna food’ which formed the subject of an article in 
The Times yesterday–in this country have been made by the 
Board of Agriculture, but one of the varieties tried so far 
appears to be suitable for the English climate.”
 “The following is an account of the experiments of 
growing the bean in England given by the Ministry of 
Agriculture.
 “’Previous to 1909 a few attempts had been made to 
grow the crop in England, but without any success... With 
the object of securing the hardiest sorts in cultivation the 
Board of Agriculture obtained from an experimental station 
in North Japan seed of 16 varieties, together with a small 

quantity of the soil in which the crop had been grown. These 
were sown at the Midland Agricultural and Dairy College 
and on the Cambridge University Farm. At both centres the 
results were similar–many of the varieties grew well, but 
none formed fl owers. Where the Japanese soil had been 
applied, the nodule formation was all that could be desired, 
but where no inoculation had taken place no nodules were 
formed. In 1910 the Board obtained seeds of several varieties 
from Manchuria. These were grown at the same centres as 
before. At the Midland College the crop grew vigorously, 
but formed no seed, while at Cambridge the plants ripened a 
small quantity of seed. This seed was sown in 1911, but the 
crop made little growth, and in spite of the hot season, no 
seed was produced.’”
 “The conclusion come to from these experiments by the 
Ministry of Agriculture is that the Japanese and Manchurian 
varieties of the soya bean cannot be relied on to produce seed 
in this country. But it is admitted that, as the plant appears 
to be a very variable one, it is not impossible that a variety 
suited to the climate and agricultural conditions of this 
country may yet be produced.
 “Apart from the production of beans for use as human 
food, the plant might have some value in this country as a 
forage crop.”

653. Jones, Fred Reuel; Tisdale, W.B. 1921. Effect of soil 
temperature upon the development of nodules on the roots 
of certain legumes. J. of Agricultural Research 22(1):17-31. 
Oct. 1. With 5 pages of unnumbered plates and descriptions 
at end. [7 ref]
• Summary: “Summary: (1) Preliminary studies have been 
made upon the effect of soil temperature on the development 
of four legumes, alfalfa, red clover, fi eld peas, and soybeans, 
with special reference to its effect upon the infection of 
these plants by Bacillus radicicola and the subsequent 
development of nodules. The larger part of the data were 
obtained by growing plants in soil held at a series of 
temperatures 30º apart from 12º to 36ºC. The air temperature 
was uniform for all plants, ranging from 14º to 20º.
 “(2) As was anticipated, the four plants differed in their 
ability to tolerate soil temperatures at the ends of the series. 
Peas were dwarfed at 30ºC., clover developed poorly at 
36º, while alfalfa and soybeans still grew very well at 36º. 
Soybean plants grown in the soils held at 12º, 15º, 33º, and 
36º showed very dark green color of leaves, whereas those 
toward the center of the series became progressively lighter, 
those at 24º being lightest.
 “(3) With regard to the number of nodules formed on 
plants grown in soil held at this series of temperatures, 
irregularities were found in each series; but no large 
consistent differences were discovered, except that at the 
extreme upper and lower limits at which a plant will survive 
the number is reduced, and that peas usually produced 
greatly increased numbers at 30ºC. All these species form 
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nodules in soils at any temperature at which the plant can 
make a growth that is at all vigorous.
 “(4) While variation in number was not consistent, size 
measured by the average dry weight per plant of all those 
formed on a number of plants was found to differ greatly and 
consistently within the series, at least so far as the soybean 
plant was concerned. The maximum weight attained on the 
soybean plant after a period of two months was found at a 
soil temperature of 24ºC. Examination of nodules on the 
roots of the other legumes indicated that their maximum 
production occurred at about the same temperature.
 “(5) Weight of nodules produced by soybeans was not 
found to be correlated with the weight of tops or of roots 
through the series of temperatures. Weight of tops was 
almost or quite as great at 30º to 36º as at 24ºC, while weight 
of nodules declined rapidly at the higher temperatures. 
Weight of roots likewise showed no such diminution at 
the higher temperatures or even at the lower temperatures 
as did weight of nodules. With the soybean plant, and to a 
much less marked degree with the other plants, there was a 
correlation between weight of nodules and color of plant, the 
largest weight of nodules occurring on plants with the palest 
green color.
 “(6) Generally speaking, plants with large nodules had a 
higher percent- age of total nitrogen in the tops, though this 
correlation is not exact.
 “(7) Factors of soil environment that are regarded as 
having an infl uence upon nodule formation have been taken 
into account. Soil moisture has been controlled within 
narrow limits. Concentration of nitrates and the hydrogen-
ion concentration of the soil solution have been recorded. 
It is not believed that variations in any of these factors are 
to be regarded as having produced the variations in nodule 
development recorded at the different temperatures in these 
series.” Address: 1. Pathologist, Offi ce of Cotton, Truck, 
and Forage Crop Disease Investigations, Bureau of Plant 
Industry, USDA; 2. Instructor in Plant Pathology, University 
of Wisconsin.

654. Dungan, George H.; Brown, P.T. 1921. Soybeans 
as an aid to stock-farming: Recent fi eld demonstrations 
and discussions of varieties, culture and uses indicate the 
multiple virtues of this legume crop in many states. Breeder’s 
Gazette 80(16):553-54. Oct. 20.
• Summary: The fi rst half of the article is by Dungan and the 
second half by Brown. The article begins: “Taylor Fouts of 
Soyland Farm in Indiana explained the future of the soybean 
crop on the occasion of the recent second annual cornbelt 
Soybean Day in Champaign County, Illinois. The University 
of Illinois extension service, the cornbelt Soybean Growers’ 
Association, the Champaign County Soybean Club and the 
A.P. Meharry Farms cooperated in planning, advertising and 
directing this successful and inspiring meeting. The ‘seeing 
is believing’ idea was carried out, so far as possible. Varieties 

grown on the University of Illinois plots: Mandarin (short 
season), Wilson, Virginia, Illinois 13-19, and Arlington (hay), 
and Sable (beauty and hay), Hollybrook, Mongol, Medium 
Yellow, Ito San, Haberlandt, Morse, Hahto, and A.K.
 Dr. C.M. Woodworth of the plant breeding division, 
Univ. of Illinois, discussed soybean breeding and the 
importance of choosing good varieties. “On the A.P. Meharry 
farm in Champaign County, Illinois, the soybean was 
observed in all its glory. Four hundred acres of deep-brown 
silt loam soil is growing soybeans on this farm There are 300 
acres of beans growing alone–some for hay and others for 
seed. One hundred acres of soybeans were growing in corn, 
to be used for pasture, for silage, and for soil improvement. 
The varieties most extensively used are the Mongol and the 
A.K.
 Prof. J.C. Hackleman of the University of Illinois was 
chairman of the formal meeting, at which various experts 
spoke. These included Chas. L. Meharry (crop rotation), 
Taylor Fouts of Indiana (soybeans as a substitute for clover), 
Geo. H. [sic, M.] Briggs of Wisconsin (using soybeans to 
build up a good dairy herd), Dr. [sic, Mr.] W.J. Morse of the 
USDA (expansion of soybean acreage in South Dakota from 
200 acres a few years ago to more than 4,000 acres in one 
county today), and W.E. Riegel (the value of soybeans as 
feed).
 “Prof. Ralph Kenny of the University of Kentucky says 
that Mammoth Yellow is the best variety in his state for 
hay; Haberlandt, Lexington and Virginia are valued, in that 
order, for seed; while Haberlandt stands as a choice bean for 
combination with corn.”
 “C.E. Carter of Missouri listed Morse and Medium 
Yellow as the best seed varieties for Missouri; the Wilson 
and Virginia make the best yields of hay.”
 The second half of the article describes the recent 
soybean meeting on the Margaret Lake Farm of Chas. 
Bower in Union township, Benton County, Indiana. Some 
120 men from nearby counties attended. “R.S. Thomas, 
soils and crops extension man from the experiment station 
at Purdue University, declared that this was the largest and 
most enthusiastic of the eight soybean meetings conducted in 
Indiana this year. He pointed out the necessity of including 
legumes in rotations, in order to help maintain soil fertility, 
and furnish cheap protein feed for live stock.”
 A photo shows some of Indiana’s agricultural leaders at 
that meeting: County agent P.T. Brown, Ray Atkinson, Chas. 
Bower, John Jansen, and Prof. R.S. Thomas. Address: 1. 
Univ. of Illinois; 2. County Agent, Benton County, Indiana.

655. Jordan, Sam. 1921. Corn in Missouri: Also soybeans 
and cowpeas. Missouri State Board of Agriculture, Monthly 
Bulletin 19(11):1-47. Nov. See p. 34-47.
• Summary: In the section titled “Supplements to the corn 
crop” (p. 34) is a subsection on “Soybean, the favorite 
supplement” which begins: “The most popular one in 
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Missouri is the soybean supplement. The practice is to 
plant soybeans and corn together at the same time, using 
the soybean attachment to the corn planter for dropping the 
beans. Usually, about as many beans are used as grains of 
corn per hill or drill row.
 “Care should be used not to plant too deeply. The use of 
a “furrow opener” of some kind is to be recommended.
 “That the stand of corn is the limiting factor can be 
illustrated by the accompanying photograph of our own fi eld 
in a fi ve-acre patch of good land...”
 Photos show: (1) Sam Jordan holding a corn cob and 
soybean plant in hand (p. 3, 36). (2) Sam Jordan in a fi eld of 
soy beans and corn, showing soybeans growing where the 
corn stand was poor (p. 35). (3) Hogs feeding on a harvested 
fi eld of soybeans and corn (p. 37). (4) Sam Jordan holding 
a well-seeded soybean plant (p. 38, 39). (5) Close-ups of 
two uprooted soybean plants (p. 43). (6) A well inoculated 
soybean plant root (p. 45). (7) Two men, one holding a corn 
cob and the other a soybean plant (p. 46). On pages 37-47, 
a section titled “Soybeans–40 questions and answers,” has 
some material economic in character. Some examples: (1) 
Q: Where did the soybean, sojabean, or soyabean originate? 
A: It is a native of the Orient, and has been cultivated 
extensively since ancient times, and is now one of the 
leading crops of China and Japan. (29) Q: How much seed 
per acre may be expected? A: Field yields often run from 8 to 
25 bushels. Address: Farmers’ Inst. Lecturer, Missouri State 
Board of Agriculture, Jefferson City, Missouri.

656. Rouest, Leon. 1921. Le soja et son lait végétal: 
Applications agricoles et industrielles [The soybean and its 
vegetable milk: Agricultural and industrial applications]. 
Carcassone (Aude), France: Lucie-Grazaille. 157 p. Illust. 
No index. 25 cm. [42 ref. Fre]
• Summary: Contents: Preface, by Louis Forest. 
Introduction–What is soya? 1. History of the dissemination 
of soya: In 1712 the naturalist Kaempfer introduced soya, 
introduction of soya to France and Europe, soya is cultivated 
in Austria in 1875 by Prof. Haberlandt, soya is the object 
of many trials in France from 1876 to 1881, the study and 
acclimatization of soya becomes widespread, the causes of 
setbacks in the cultivation of soya.
 2. Cultivation of soya: Botanical characteristics of soya, 
the varieties of soya, Chinese varieties and soya in China, 
Japanese varieties and soya in Japan, American varieties 
and soya in America (varieties: Mammoth, Hollybrook, Ito 
San, Guelph, Haberlandt, Medium Yellow, Wilson, Peking, 
Tokio, Mandchu [Manchu], Black Eyebrow, Barchet), soya 
in Europe–France and Italy, seven varieties of soya tested 
in France, soya in the experimental farms for new crops 
(les Fermes Expérimentales de Néoculture; Many varieties 
from the USA were tested, including Manchu, Wilson Five, 
Haberlandt, Tokio, Virginia, Hato [Hahto], Early Medium 
Green), the cultural and geographical appearance of soya, its 

production worldwide, planting soybeans, heat units (degré 
thermique) and the germination of soya, the importance 
of spacing between plants, number of seeds per hectare, 
soya during its vegetative stage, the vegetation of soya 
compared with that of the haricot at high altitudes, rolling 
the seeds and types of crop maintenance, growth of the plant, 
acclimatization, the enemies of soya.
 3. Composition of the soybean plant. 4. Soya forage: 
Green soya forage, soya hay, soya as a plant for soil 
improvement. 5. Harvesting soybean seeds: Maturity of the 
seed, harvesting soya, the food value and composition of 
soya seeds. 6. Soya as an oil plant: Richness in oil, defatted 
soybean cake, imports and exports of soya cake from 1915 to 
1919 (Imports to: Sweden, Canada, Korea, Japan, Formosa. 
Exports from: England, China, Korea), production of soya 
cake from 1915 to 1919 (Denmark, Great Britain and 
Ireland, Netherlands, Sweden, USA, Japan, Formosa, Korea, 
Java and Madura).
 7. Soymilk: Its manufacture (in 1910-1913 Li Yu-ying 
installed a factory named “La Caséo-Sojaïne” at Vallées 
{Asnière-Seine} near Paris. Rouest visited this factory and 
saw them make soymilk, which was fi ltered using a fi lter-
press resembling those used in sugar refi neries), its properties 
and composition, composition compared to other types of 
milk, powdered soymilk, soymilk in the nursing and feeding 
of animals, soymilk related to tuberculosis in animals and 
in humans, soymilk would allow the milk and butter from 
animals to be reserved exclusively for human foods and 
could be used for raising many piglets, manufacture of non-
dairy milk in Canada (a factory is now under construction). 
8. Soya in Industry: Soymilk and soy casein, Sojalithe (like 
Galalithe).
 9. Soya in human nutrition: Soy fl our and its 
applications (incl. Li Yu-ying’s usine de la Caséo-Sojaïne, 
and bread made of soya and wheat), soya compared to dry 
legumes (such as lentils, haricots, peas, beans), soya used 
as a legume (green vegetable soybeans; whole soybeans), 
the food value of soy sprouts, preserves and confections 
made from soya, soya chocolate and coffee, the amount of 
nutrients produced by soya and other crops from a unit of 
land, a meal of soya served in France (prepared and served 
some years ago by Li Yu-ying’s soyfoods plant La Caséo-
Sojaïne for the major print media, the medical press, the 
National Society for Acclimatization, etc.; it consisted of 
2 soups {one with ‘soya meat’ and one with soymilk}, 2 
entrees {an omelet with smoked soya ham, and fritters 
stuffed with soy meat}, soy [actually mung bean, lüdou] 
sprouts in a salad and sauteed, 3 desserts {soya cake, 
biscuits, and confection}, and soy coffee; a recipe for each is 
given; soya meat is smoked tofu).
 10. Use of soya in East Asia: Tofu (fromage végétal), 
soy-based condiments (such as natto {Ping ming Natto and 
Tokio-Natto}, miso, Chinese miso or tao-tjiung [doujiang], 
and shoyu {Soyou or Schozou}), making soy sauce in 
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Kwantung, China (from Groff).
 11. The opinions of several authors concerning 
soya (from the French medical and hygienic press): 
Introduction–E. Maurel. Soya and soy bread in diabetic 
diets–Dr. Dujardin-Beaumetz, Dr. Bloch, Dr. J. Le Goff, L. 
Beille, M. Gautier. Soya used as a bean–M. Gautier. Soy 
sauce used in place of meat extracts. The state of cheese. The 
popularization of soya in Europe–A. Paillieux.
 Conclusions: The infl uence of cultural technology 
on variation. Appendix: Advice to experimenters on the 
acclimatization of soya in France. Other methods of 
obtaining early-maturing soybeans.
 The author concludes (p. 140): We must make every 
effort to acclimatize soya in France. We must develop the 
will and learn from past mistakes. Most soybean varieties 
now available in France are too late. We must get varieties 
from Manchuria, whose climate is similar to that of 
southeastern France, and from the northeastern USA. It is 
urgent that, in the near future, we start a Soybean Experiment 
Station to take responsibility for this work. The setbacks 
since 1830 can be overcome by present science and genetics. 
The fi rst step is to introduce better varieties.
 On the last page is a full-page advertisement for various 
seeds sold by Mr. Rouest, including 30 varieties of soybeans 
(Soja hispida); the names of the individual varieties are not 
given.
 Illustrations show: (1) A soy bean plant with many pods 
(title page). (2) Flowers and pods of the soy bean plant (p. 
29). (3) Soy pods and beans (p. 30). (4) A soy bean plant 
drawn by a Chinese artist (p. 32, from Li Yu-ying). (5) 
Pods of the Hato [Hahto] variety of soy bean (p. 51). (6) 
Germinating soy bean seeds (p. 54, from Li Yu-ying). (7) 
Soy bean roots with nodules (from a photo by Dr. Le Goff; p. 
73). (8) Soy bean pods, opened to show 3 beans in each (p. 
82).
 Tables show: (1) Production of soybeans by color 
in China in 1916 and 1917 (p. 35, in quintals, from the 
International Yearbook of Rome, Vol. 1, 1919): In 1917: 
Yellow 4,069,822. Other 953,012. Green 181,190. White 
71,234. Black 40,066. Total: 5,315,324.
 (2) Percentage composition of various oilseed cakes (p. 
95, from Kellner). (3) Imports and exports of soybean cake, 
by country, from 1915 to 1919 (in quintals, p. 96). Imports 
are given for Sweden, Canada, Korea (from 1916), Japan, 
and Formosa [Taiwan]. Exports are given for England (6 
quintals in 1915), China (including Manchuria, by far the 
biggest exporter, from 1916), and Korea (from 1916).
 (4) Production of soybean cakes, by country, from 
1915 to 1919 (p. 97, in quintals, based on statistics from 
the International Bureau of Agriculture, Rome, 1919). In 
descending order of production in 1915 (in quintals): Japan 
5,439,337. Korea 3,209,238. Great Britain and Ireland: 
1,513,059. Denmark 921,782. Java and Madura 503,025. 
Note that China is not listed. Netherlands 144,523. Formosa 

[Taiwan] 62,131. Sweden 1,733. USA 0, but 501,822 in 
1916.
 Note 1. When Alsace was occupied by the Germans 
during World War I, the Rouest family moved from Alsace to 
Paris. Mr. Rouest brought soybeans from Africa and adapted 
them to France. He paid for the publication of this book.
 Note 2. On the title page of this particular book is 
the signature “L. Rouest” following the inscription “A M. 
Meuninier, Hommages de l’auteur.” Address: Directeur des 
Fermes Expérimentales de Néoculture, Carcassonne (Aude), 
France.

657. Rouest, Leon. 1921. Le soja et son lait végétal: 
Applications agricoles et industrielles [The soybean and its 
vegetable milk. Agricultural and industrial applications]. 
Carcassone (Aude), France: Lucie-Grazaille. 157 p. Illust. 
No index. 25 cm. [42 ref. Fre]
• Summary: This is a summary of interesting points 
throughout this book. The main early use of soy in Europe 
was more therapeutic than nutritional (p. 3); it was used 
mainly in diabetic diets.
 Nothing remains of the early trials conducted 20 years 
ago in France and Austria. The reasons for the crop’s failure 
were lack of understanding of the laws of acclimatization 
and genetics, and the fact that soya (soja) was introduced as 
a new food legume, when actually it can only be utilized as 
a forage plant and industrially (for oil, cakes, and casein). 
Later, when the plant has been adapted, when it is understood 
that soya is not being propagated to competed with other 
dry legumes, that it is not being cultivated to extract from 
the seeds a vegetable milk for people, but simply as a forage 
plant–and the most remarkable one that exists (p. 3).
 The English are trying to acclimatize soya to their 
colonies, especially those in southern Africa. In 1908 some 
200,000 tonnes (metric tons) of soybeans were exported 
from China [including Manchuria] to Europe, followed 
by 500,000 tonnes in 1909. One can extract from soybean 
seeds a vegetable milk (lait végétal) which has the same 
value as animal milk for use in raising young animals. Its 
seeds and forage are also fi ne for raising farm animals and 
for industrial products. The author thanks all those who 
have helped him to acclimatize the soybean to France and to 
create new varieties of soya in France (p. 4).
 Introduction of the soybean to France and to Europe (p. 
6-7): A good but brief review of the literature on this subject. 
In 1739 Buffon was made director of the Jardin des Plants 
in Paris. Shortly thereafter, Christian missionaries in China 
sent him specimens of seeds and plants. The soybean must 
have been among them. The soybean has very probably been 
cultivated at the Museum since 1779, certainly in 1779 and 
later from 1834 to 1880. In 1855 Baron de Montigny was 
charged by the Society for Acclimatization to distribute fi ve 
varieties of soya sent from China by Mr. Montigny; these 
were from northern China. The plants fi rst bore seeds in 
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France in 1854; their acclimatization is assured. In 1857 Mr. 
Lachaume transmitted to the Society for Acclimatization 
details of the success he obtained at Vitry-sur-Seine with 
soy culture. The seeds were planted in 1856. In 1858 a 
report to the Society for Acclimatization indicated that the 
acclimatization of the soybean was complete. In 1859 Mr. 
de Vilmorin reported on cultural trials sent from China by 
Mr. Perny. The varieties matured too late. The same year Dr. 
Turrel harvested soybeans at Toulon. In 1862 the Society 
for Acclimatization received seeds from Mr. Guillemin; 
the yellow soybean was said to be used for making tofu. 
Following the events of 1870, the cultivation of the soybean 
in France was apparently discontinued. Note 1. The brief 
war of 1870 between France and Bismark’s Germany ended 
in France’s defeat and the ceding to Germany of Alsace-
Lorraine.
 In the long section on Prof. Haberlandt’s work with 
soya, starting with his cultivation of it there in 1875, is 
a quotation from him: “I don’t know, in this history of 
cultivation, any example of a plant which has, in so few 
years and to such a high degree, excited such general 
interest” (p. 8).
 From 1876 to 1881, the soybean was the object of 
numerous trials in France by the Society of Horticulture 
at Etampes (Seine-et-Oise). During this same period, one 
Dr. H. failed with varieties sent from Japan but succeeded 
in cultivating a yellow soybean sent from China, and used 
the latter to make his own tofu (fromage végétal) for use at 
home. In 1880 Messrs. Vilmorin-Andrieux introduced in 
their catalog a species cultivated in Austria-Hungary (p. 17-
18).
 In 1878, Japan, China, and the Indies (les Indes) 
presented all the varieties of Soya at the Universal 
Exposition, and their seeds fi lled more than 20 boxes. In 
1880 the National Society for Acclimatization was able 
to distribute soy in France and tests were conducted in 24 
regions; they were largely successful, especially in central 
and southern France (p. 19-22).
 Tests were then abandoned from this time until about 
1888, when the soybean started to grow in the southern states 
of the USA. That same year Messrs. Lecerf and Dujardin-
Beaumetz fi rst had the idea of using soy bread in diabetic 
diets (p. 22).
 Causes of setbacks in soybean culture (p. 24-27): First, 
the varieties used matured too late and were not acclimatized 
in a progressive manner. We must choose varieties from 
northern China and adapt them to the south of France (le 
Midi) [which is on the same latitude as Toronto, central 
Wisconsin, or southern Minnesota]. From these, we must 
develop hybrids, and gradually move them northward.
 The soybean has been ostracized in France. Major 
commercial, fi nancial, and social interests have viewed 
with terror the production of an inexpensive food and have 
retreated into the egotistical “Malthusian agriculture.” This is 

the truth! (p. 26).
 Soy cheese is even feared by the cheese industry in 
France. They ask if they should abandon their excellent 
cheeses in order to adopt a vegetal cheese (fromage végétal).
 A long quotation from the Chinese Imperial 
Encyclopedia of Agriculture (p. 34) gives the various colors 
of soybeans, including black, white, grey, and even some 
speckled / mottled with blue. The black ones can be used 
for medicine. And they are used as an ingredient in the 
condiment called fermented black soybeans (Chi [douchi]), 
made of soybeans, ginger, and salt.
 In 1910-1913 a factory named “La Caséo-Sojaïne” was 
installed near Paris. I (Rouest) visited this factory in which 
were installed all the modern conveniences (tout le confort 
moderne), and presented the best guarantees of hygiene. The 
milk was fi ltered using a fi lter press similar to those used in 
sugar factories (p. 99).
 Note 2. Rouest has borrowed a great deal of material 
from earlier publications by Li Yu-ying, usually without 
acknowledgment and often arriving at very different 
conclusions, especially on the question of using soya to make 
human foods (Li) vs. foods and milk for animals (Rouest).
 Rouest strongly recommends the use of soymilk to 
feed young domesticated animals. For us, soy will not 
replace green beans, milk or cheese. During World War 
I, the Germans were actively involved with the study of 
soymilk. A translation of an article from the Schweizerische 
Milchzeitung (Nov. 1918) tells how to make soymilk 
and tofu (p. 102). By using soymilk, there is no fear of 
transmitting tuberculosis. Address: Directeur des Fermes 
Expérimentales de Néoculture, Carcassonne (Aude), France.

658. Albrecht. William A. 1922. Viable legume bacteria in 
sun-dried soil. J. of the American Society of Agronomy 14(1-
2):49-51. Jan/Feb. [8 ref]
• Summary: With Pseudomonas radicicola: “These results 
indicate that direct sunlight and desiccation are not as 
destructive to this organism in its native habitat as has been 
stated (6), and that even tho some of the legume bacteria 
may be killed when the infected soil is exposed to the sun, 
the number of them so destroyed is not great enough to 
impair seriously the effi ciency of such soil as an inoculating 
culture.” Address: Assoc. Prof. of Soils, Missouri Agric. Exp. 
Station, Columbia, Missouri.

659. Eastman, M.G. 1922. Soy bean inoculation. New 
Hampshire Agricultural Experiment Station, Bulletin No. 
203. p. 18. Bound with 1921-22 Annual Report. Jan.
• Summary: “All of the inoculated plants showed a 
remarkable difference in color and also in the number of 
root nodules in comparison with the uninoculated. Chemical 
analysis showed 2.26 per cent. nitrogen in the leaves and 
stems of the inoculated plants as against 1.79% in the 
uninoculated. In other words the inoculated plants contained 
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about 26% more nitrogen than the uninoculated.”

660. Riegel, W.E. 1922. Some soy bean suggestions: Veteran 
Illinois grower describes his methods of raising soy beans. 
Wallaces’ Farmer 47(7):216. Feb. 17.
• Summary: “The soy bean is at last coming into its own. 
Its value as a feed for live stock is each year becoming more 
defi nitely known. Every live stock farm should grow soy 
beans because of their feeding value and other farms should 
have them because of their value as a soil builder.
 “On our farm soy beans replaced the oat crop seven 
years ago, much to the advantage of our live stock, the 
fertility of our farm and the fi nancial returns from the land. 
For the past fi ve or six years our soy bean crop has made 
more money per acre than our corn. This has to no small 
extent been due to the fl ourishing demand for seed.”
 “A farmer should choose a bean that grows tall and 
gives a large yield of seed and hay. The Mongol, our favorite, 
the Hollybrook or Medium Yellow (all of which are one and 
the same bean–the name depends on the locality), grows 
tall, gives a large yield of hay, and handles easily with the 
binder.”
 “The time to cut for hay is when the bean in the pod is 
full grown and yet soft. Soy bean hay is one of the best hays 
produced. We, after several years’ use of it, consider it better 
than alfalfa, and we have fed many tons of each.” Address: 
[near Tolono, Illinois].

661. Elms Jersey Farm. 1922. Soy beans for ensilage (Letter 
to the editor). Hoard’s Dairyman 63(6):213. Feb. 24.
• Summary: Elms Jersey Farm of Minnesota writes: “Last 
year we made our fi rst attempt to grow soybeans in our 
fi eld corn for ensilage. We spent a large amount of time in 
preparation of our seed bed... The piece selected was about 
ten acres of rich, sandy loam upon which clover had been 
raised for two years... The day we planted the corn we 
treated 2 bushels of Early Brown soy beans with inoculation 
obtained for the purpose, using it liberally. The following 
morning we set the corn planter for about two inches in 
depth, changed the discs in it to seed about 6 quarts of the 
beans per acre and again went over the fi eld, drilling the 
beans directly over the planting of the corn in the same drills. 
Thus we made the two bushels of beans cover the ten acres 
of ground. This planting was made about June 2nd or 3rd.” 
The corn came up fi rst.
 “We do not think that the beans cut down the production 
of the corn at all... For the most part of the fi eld, the stand 
of beans was good, growing to about 30 to 36 inches in 
height. There were many pods nearly ripe at cutting time... 
We estimated that the beans yielded about two or three tons 
per acre as they were hauled from the fi eld. Three men were 
placed in the silo to tramp and the ten acres of corn and 
beans fi lled a silo 14 feet by 34 feet and this silage has only 
settled about fi ve feet since it was fi lled.”

 “At this time we can make no report as to the feeding 
value of the silage... We need only add that we were well 
pleased with the experiment.” Address: Minnesota.

662. Inglis, R.A. 1922. Nitro-cultures and their distribution. 
Agricultural Gazette of Canada (Ottawa) 9(1):14-17. Jan/
Feb.
• Summary: In 1915, the Central Experimental Farm 
in Ottawa began the free distribution of nitro-cultures 
throughout the Dominion of Canada. All the legumes that 
grow in Canada, with the exception of the soy bean, live 
symbiotically with the soil bacterium named Bacillus 
radicicola. The soy bean, Glycine hispida, is inoculated 
by a different organism, probably a Pseudomonas (Lörnis 
and Hansen, Jan. 1921), still under observation. Address: 
B.A., Junior Botanist, Central Experimental Farm [Ottawa, 
Ontario, Canada].

663. Etheridge, W.C.; Helm, C.A. 1922. Productive methods 
for soybeans in Missouri. Missouri Agricultural Experiment 
Station, Bulletin No. 195. 32 p. March.
• Summary: Contents: Importance of the crop. Ten reasons 
why soybeans are popular in Missouri. Superior varieties 
of soybeans for some of the important sections of the State, 
together with their descriptions and the time they require 
for maturing. How to prepare the land for soybeans. The 
value of inoculation. The profi t from lime, fertilizers and 
manure. When to plant soybeans. How to plant. How to 
cultivate. How to harvest, thresh and store soybean seed. The 
usefulness of the soybean hay crop. The value of soybeans 
in rotation with corn, wheat and clover. The preparation of 
soybean stubble for the seeding of wheat.

664. Fred, E.B.; Davenport, Audrey. 1922. Bacteria for 
legumes. Wisconsin College of Agriculture, Extension 
Circular No. 143. 23 p. March.
• Summary: A chart (p. 7) shows that soybean hay contains 
51.2 lb of nitrogen per ton, more than any other hay. Another 
chart (p. 8) shows that soybean hay contains 31.5 lb of 
calcium per ton, second only to alfalfa hay (37.2 lb).
 Many legumes cross-inoculate; that is, they are all 
inoculated with the same kind of bacteria. But soybeans are 
inoculated with the bacteria from the soybean nodule only 
(p. 8). Soybean nodules are large and round. Each nodule 
contains billions of bacteria. The nodules of a soybean plant 
contain 5.67% nitrogen. The roots without the nodules 
contain 1.31% nitrogen and the above-ground portions of the 
plant (the tops) contain 2.41% nitrogen.
 How long do legume bacteria live in the soil? “In a 
fertile silt loam neutral soil, soybean bacteria have been 
known to live more than 18 years, but as a rule the number of 
legume bacteria in a soil free from legumes decreases rapidly 
after two or three years, and in an acid soil the disappearance 
is even more rapid.”
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 Does soil acidity affect the inoculation? “Not all 
legumes are equally sensitive to an acid condition. For 
example, soybeans are fairly resistant to acid conditions of 
the soil.”
 How much nitrogen does a legume crop add to the soil? 
A 25-bushel crop of soybeans with 2¼ tons of hay adds 107 
pounds of nitrogen per acre. Artifi cial cultures for legumes 
have been used since 1896. In 1921 in Wisconsin, clover 
with timothy was by far the best legume crop (2,576,454 
acres), but 4,500 acres of soybeans were grown for hay and 
3,500 acres for grain.
 Photos show: A close-up of the nodules and their 
bacteria (one round photo of each) from soybeans, red 
clover, alfalfa, and peas (p. 13). A man in a fi eld of Ito San 
variety soybeans on sandy soil; the left half of the fi eld 
(growing luxuriantly) is inoculated, the right side (growing 
poorly) is not (p. 21). Illustrations (line drawings) show: 
Soybean bacteria (p. 13). Distribution of nitrogen in soybean 
plant (p. 15). Address: Madison, Wisconsin.

665. Williams, C.B. 1922. Soybean growing in North 
Carolina. North Carolina Agricultural Extension Service of 
the State College, Extension Circular No. 127. 14 p. March. 
Revised in Jan. 1929.
• Summary: Contents: Introduction. North Carolina leads in 
soybean seed production. The growing plant. Distribution in 
North Carolina. Soybeans vs. cowpeas. Soybeans compared 
with peanuts. Suitable varieties of soybeans: In mountains, in 
Piedmont section, in coastal plain. Selection and preparation 
of soil. Inoculation essential. Kinds of fertilizer to use. 
Seeding and cultivation. Rotation with soybeans: For 
coastal plain soils, for Piedmont soils, for mountain section. 
Soybeans in mixtures (with sweet sorghum or millet). 
Harvesting for hay. Harvesting for seed. Soybean for soil 
improvement. Soybeans for soiling purposes. Soybeans for 
pasturage.
 “The soybean is probably a native of tropical Africa 
and was introduced into the southeastern part of Asia more 
than 3,000 years ago by ancient travelers trading between 
Zanzibar [which became part of Tanzania in 1964] or India 
or Ceylon... It was probably used for food in China before 
the time of Confucius.”
 “It must be gratifying to all North Carolinians to know 
that this state produces more soybeans than all the remaining 
part of the United States. From the latest available statistics, 
North Carolina produces over two million bushels annually 
for seed.” Soybeans are produced chiefl y in the northeastern 
part of North Carolina.
 Photos show: (1) A fi eld of soybeans sown in corn at 
last working (front cover). (2) A fi eld of soybeans in rows 
for seed and soil improving purposes. (3) Soybean hay being 
cured in cocks. (4) A fi eld of soybeans ready to be harvested 
for seed. (5) Two men harvesting soybean seed in the fi eld 
with a harvester. (6) “One way of harvesting soybeans.” 

Appears to be hogs eating soybeans in a pasture. Address: 
Chief, Div. of Agronomy, Raleigh, North Carolina.

666. Morse, W.J. 1922. Re: Request made in your letter 
to Mr. Oakley. Letter to Prof. C.V. Piper, Clifton Springs 
Sanitarium, Clifton Springs, New York, April 1. 1 p. Typed, 
without signature (carbon copy).
• Summary: “Dear Prof. Piper: In accordance with the 
request made in your letter to Mr. Oakley for soybean 
products and recipes showing different ways in which soy 
bean fl our and dry soy beans may be used, I am enclosing 
herewith a number of recipes which we have collected at 
various times. I have sent you four pounds of soy bean fl our, 
four pounds of Easycook soy beans and two cans of green 
soy beans; one of the Hahto and one of the Easycook.
 “If the party for whom you wish the information desires 
the names of concerns handling soy bean products, the 
following are the ones that are manufacturing them at the 
present time:
 “Cereo Co., Tappan, New York
 “Waukeshaw Food Products Co., Waukeshaw, 
Wisconsin
 “Loomis Bros., Westfi eld, Massachusetts
 “Very truly yours, Agronomist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist [Forage 
Crop Investigations, Bureau of Plant Industry], USDA, 
Washington, DC.

667. Wilkins, F.S. 1922. Use soy beans to replace oil meal: 
Iowa farmer describes his methods of growing beans for a 
seed crop. Wallaces’ Farmer 47(14):456. April 7.
• Summary: William McArthur of Cerro Gordo County, 
Iowa, shows that it is “a paying proposition to grow soy 
beans for feed to take the place of oil meal as a feed for 
stock... Many experiments have shown that ground soy beans 
have about the same feeding value as oil meal when fed to 
cattle.” McArthur grew his fi rst crop of soy beans in 1920, 
growing 66 bushels of the Manchu variety on 3 acres of poor 
soil; they yielded on average 22 bushels per acre.
 McArthur believes that soy beans are easier to grow 
than corn. “I planted the soy beans just as soon as I got thru 
planting corn, but fi rst I inoculated the beans. ‘In inoculating, 
I moistened the beans with thin sugar syrup and then 
scattered inoculated soil on them from my soybean patch of 
the year before. (I inoculated the seeds for my 1920 patch 
with cultures.) I used about a pint of soil for each bushel of 
beans. I shoveled the beans over several times until each 
bean was covered with fi ne bits of soil; then I spread them 
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out on the barn fl oor to dry, which took a couple of hours.’”
 He planted the seed in 35-inch rows with a grain drill. 
He began harvesting when nearly all the leaves had dropped 
off the plants, but just before the pods became dry. By 
cutting at that stage he lost very few from shattering. He 
had no diffi culty cutting two rows at a time with a grain 
binder. He threshed them with a grain separator. Next year he 
expects to grow 20-30 acres. Address: Cerro Gordo County, 
Iowa.

668. Wilkins, F.S.; Stephenson, R.E. 1922. A popular three-
purpose legume: The soybean, which produces hay and seed 
high in protein, and adds nitrogen to the soil, is a profi table 
cooperator. Breeder’s Gazette 81(17):561-62. April 27.
• Summary: This is two articles in one. F.S. Wilkins 
discusses soybean seed prices, value of soybeans per acre 
for feed, and their use as food for poultry. R.E. Stephenson 
discusses the possibilities of the soybean in the United 
States, its value as a soil improver, value when grown with 
corn and ease of harvesting for hay.
 Wilkins states: “When soybeans are grown either for 
hay or silage, it is best to use the later and smaller-seeded 
varieties. Those varieties yield more, and have another 
advantage, in that there are about one-fourth more beans 
in a bushel. Medium-late, small-seeded varieties, such as 
Wilson, Wilson-fi ve [Wilson-Five], Jet, Sable and Mongol, 
are recommended for hay or silage; while Manchu, Black 
Eyebrow, Ito San, Wisconsin Black and Chestnut are leading 
seed varieties in the corn belt.”
 A photo shows nodules on the roots of soybeans. 
Address: 1. Iowa Agric. Exp. Station; 2. Univ. of Kentucky.

669. Smith, William C. 1922. Soy bean in the Corn Belt. 
It’s the gilt-edge insurance of profi ts from pigs. Country 
Gentleman 87(12):4. April 29.
• Summary: “This is one of a series of articles... for the 
purpose of suggesting to farmers ways of increasing their 
income.
 “For the next few years the solution of the Corn Belt 
farmer’s fi nancial troubles will be found in the hog... But fed 
with corn alone he is not the money-maker he is when corn 
supplemented with feeds that furnish the protein is fed.
 “Experiments prove that soy beans and rape are the 
supplements...” Photos show: A well-inoculated soy bean 
plant with roots. A man (wearing a hat and suspenders) 
standing in a fi eld “showing the way soy beans grow upon 
the author’s Carroll County, Indiana farm.” Address: Carroll 
County, Indiana.

670. Bean-Bag (The) (Lansing, Michigan). 1922. Soy bean 
facts. 4(11):10. April.
• Summary: “Taylor Fouts, the soy bean king of Indiana, 
gives the following eleven (11) splendid reasons for growing 
the crop.

 “1. Soy beans make one of the best protein forage feeds, 
grown annually.
 “2. They build up the soil like clover, and nothing beats 
them for a green manure crop, economically grown.
 “3. If inoculated, they make a very satisfactory growth 
on poor soils.
 “4. Soy beans will grow on even an acid soil that fails to 
produce clover.
 “5. They will resist drouth better than any of the 
common farm crops, likewise survive excessive wet periods.
 “6. They may be planted over a period from early spring 
until mid-summer, and as far north as corn or as far south as 
cotton. A most wonderful range of adaptability to climate and 
soils.
 “7. Especially desirable for dairy cows, and produces the 
best quality of milk and butter. Enlarges quantity.
 “8. Soy bean forage and hay is especially appetizing and 
effi cient for feeding lambs, cattle and horses.
 “9. Soy bean straw is ideal for winter roughage.
 “10. Soy beans and corn are ideal ration for hogs and 
lambs, most pounds of meat per acre.
 “11. Fattens your pocketbooks while enriching your 
soils, absolutely.”

671. Bryan, Ollie Clifton. 1922. Effect of different reactions 
on the growth and nodule formation of soybeans. Soil 
Science 13(4):271-302. April. 15 plates at end (p. 288-302). 
Based on his 1922 PhD thesis at Univ. of Wisconsin. [39 ref]
• Summary: Soybean plants were grown in sand and 
solution cultures which were adjusted to various hydrogen 
ion concentrations and inoculated with suspensions of 
nodule bacteria. The most favorable reaction for growth 
and inoculation of soybeans was pH 6.5. The limits for 
inoculation were pH 4.6 to 8, and for the growth of the plants 
pH 3.9 to 9.6. Address: Wisconsin Agric. Exp. Station.

672. Hackleman, J.C. 1922. Growing soybeans in Illinois. 
Illinois Agricultural Experiment Station, Circular No. 255. 
16 p. April.
• Summary: Introduction: As an annual legume, fi ts well 
into rotations, makes excellent hay, good for pasture, 
furnishes good silage, has few diseases and pests, heavy 
seed yields, valuable oil crop. Adaptation and culture: Soil, 
temperature. Seed bed. Inoculation. Seeding: Time, method, 
rate. Cultivation. Harvesting: The hay crop, the seed crop. 
Threshing. Varieties: Early maturing, medium maturing, 
medium late to late maturing. Varieties classifi ed as to use: A 
table shows varieties recommended for seed, hay, pasturing 
off, or silage, in northern Illinois, central Illinois, or southern 
Illinois.
 “There are a number of factors which have contributed 
to the great increases in the soybean acreage in Illinois. 
Among the more important are: (1) it is an annual legume; 
(2) it fi ts well into corn-belt rotations; (3) it makes excellent 
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hay; (4) it is good for pasture; (5) it furnishes 
a good silage material; (6) it is subject to 
few diseases and has few insect pests; (7) it 
produces seed abundantly; and (8) it is rich 
in oil, therefore valuable to commerce” (p. 
2). Varieties (a 4-10 line description of each 
is given): (1) Early maturing–Early Black = 
Wisconsin Black, Black Eyebrow, Manchu, 
Ito San (Medium Early Yellow), Early Brown. 
(2) Medium maturing–A.K., Medium Yellow 
(Mongol or Hollybrook), Ebony = Black 
Beauty, Peking (Sable or Royal), Ohio 9035. (3) 
Medium late to late–Haberlandt, Illinois 13-19, 
Virginia, Wilson-Five, Lexington, Mammoth 
Yellow, Mammoth Black (also called Tarheel).
 Most of these appear in the table titled 
“Varieties classifi ed as to use” (p. 16). There are 
4 uses (Seed, hay, pasturing off, and silage), and 
3 regions in Illinois (northern, central, southern). 
For example, the 3 best varieties for seed use 
in northern Illinois are Manchu, Ito San, and 
Black Eyebrow. “Mammoth Black, or Tarheel, 
is another southern variety which is grown to 
some extent in Illinois. Seed of this variety is 
jet black and approximately the same size as 
Mammoth Yellow. Plant characters and time of 
maturity are also similar to those of Mammoth 
Yellow.”
 Photos show: Soybeans at the right stage 
for hay (front cover). (1-6) Man standing in 
fi elds of different varieties of soybeans–Ito 
San, Manchu, Mongol, Wilson 5, Illinois 13-
19, Virginia. (7) Two teams of horses and men 
cultivating a fi eld of soybeans using a rotary 
hoe. (8) Teams of horses and men going through 
soybean stubble, which makes an excellent seed bed for 
wheat. The fi rst team pulls a binder for soybeans, the second 
pulls a drill for wheat. (9) Homemade machine, made by 
E.L. Gillham of Edwardsville, attachment for picking up 
lodged soybeans. (10) A man walking in a fi eld of Virginia 
soybeans harvested with a binder. (11) Three large conical 
stacks of soybeans ready for the thresher. (12) A plot of 
Virginia soybeans growing on sand in Clark County.
 Note 1. This is the earliest document seen (Oct. 2004) 
that mentions the soybean variety Mammoth Black. Note 2. 
This is the earliest document seen (Oct. 2004) which states 
that Mammoth Black is the same as Tarheel. Address: Assoc. 
Prof. of Farm Crops Extension, Illinois.

673. Piper, C.V.; Pieters, A.J. 1922. Green manuring. 
Farmers’ Bulletin (USDA) No. 1250. 45 p. April. See p. 15, 
41.
• Summary: In the section titled “Composition of green-
manure crops,” a table (p. 15) shows the composition 

(nitrogen, phosphoric acid, potash) of various samples of 
soy bean tops and roots. In the section titled “The principal 
leguminous green-manure crops” is a half-page subsection 
on “soy beans.”
 Photos show: (1) “Root system of a soy-bean plant, 
showing the nodules, which are nitrogen gathering 
laboratories” (p. 7). (2) A fi eld of soy beans in cultivated 
rows (p. 40).
 Page 21 discusses the use of hemp for quackgrass 
control. The section on “miscellaneous legumes” states 
(p. 42-43): “Wild hemp (Sesbania macrocarpa) is used 
to a small extent as a green manure on irrigated lands in 
Arizona and southern California.” Address: 1. Agrostologist 
in Charge; 2. Agronomist, Clover Investigations, Offi ce of 
Forage-Crop Investigations.

674. Dairy Farmer. 1922. The last call for soybeans. 
20(9):206-07. May 1.
• Summary: This article is made up of statements by various 
farmers on their experiences with soybeans. Among the 
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advantages of the crop mentioned are its uses for dairy cows, 
in combination with corn, for hay, to replace oilmeal, and the 
ease of threshing it.
 “Why grow soybeans? 1. They add nitrogen to the soil 
like alfalfa and clover. 2. They provide a legume hay in one 
season. 3. They will grow on a wide variety of soils and 
with the exception of the extreme south will grow wherever 
corn will mature. 4. They will stand considerable frost. 5. 
They are easily raised and harvested. 6. Added to silage they 
greatly increase its feed value. 7. The ground beans are a 
valuable feed for dairy cows.” A photo shows the roots of a 
soybean plant with many large nodules.

675. Beemer, Alex W. 1922. The soy bean industry 
(Continued, Document part II). Staley Journal (Decatur, 
Illinois) 5(12):5-11. June.
• Summary: (Continued): The oil extracted from the bean 
belongs to the semidrying class of oils. It has been used 
extensively in the paint and varnish trade, and the consensus 
of opinion of manufacturers is favorable to its continued 
use. The Paint Manufacturers’ Association, at its annual 
meeting in 1919, as a result of investigation, recommended 
the increased use of soy bean oil in connection with linseed 
oil wherever feasible. In some specialty paints it possesses 
certain advantages over linseed oil. In ordinary paints it is 
claimed that it can be substituted for linseed oil to the extent 
of about 20 to 25 per cent of oil used. It has been stated that 
without the use of the soy bean oil, the market requirements 
of paints and varnishes could not have been supplied in 1918. 
It has also been used extensively in linoleum and printing 
ink products, which heretofore have contained linseed oil. 
It has been used extensively in the soap industry in this 
country. As a soft soap making material, it has practically 
displaced linseed oil. Methods have been discovered by 
which soy bean oil can be used in the hard soap industry, in 
which fi eld it can be interchanged for cottonseed or cocoanut 
oil. Cottonseed oil has been the most widely used of the 
vegetable oils in the manufacture of soap, but it is a fact that 
the consumption of soy bean oil in the soap industry in 1917 
was practically on a parity with cottonseed oil. Glycerine is a 
bi-product from the soy bean oil in the soap making process. 
It is used in the lard substitute and oleomargarine industry. In 
these products the oil is often fi rst hydrogenated (hardened 
by a chemical process) and at the same time deodorization 
is practically completed. Cottonseed oil has been in general 
use, but soy bean oil would probably answer the purpose 
just as well. The oil has come into use as a salad and table 
oil, and a number of fi rms are packing it alone for sale to the 
retail trade. Other uses of the oil are in the manufacture of 
rubber substitutes and waterproofi ng compounds.
 “Good Crop of Illinois Farmers: The soy bean is a crop 
which can be grown to advantage on every farm in Illinois. 
On some of the lighter types of soil it will do proportionately 
better than corn, provided inoculation is present. It will 

grow on acid soils better than most clovers, but is helped 
by applications of limestone. It is a good seed producer, 
yielding from 10 to 35 bushels per acre, depending upon the 
soil, variety and climatic conditions. The quality of the beans 
grown is better than the Manchurian article, due perhaps 
to better seed selection and more advanced agricultural 
practice. About 1000 varieties have been introduced into 
the United States in the past ten years but by the process of 
selection and imitation the list has been narrowed down to a 
few standard varieties. Some of the more popular varieties 
adapted to Illinois conditions are Perley Mongol, A.K., Ito 
San, Manchu, Sable, Black Eyebrow, Ebony and Ohio 9035. 
Any farmer can learn the variety suited to his conditions 
by consulting the state agricultural college or his county 
agricultural agent. The growing and handling of the crop can 
be accomplished by the ordinary farm equipment without 
any additional machinery.
 “An ordinary threshing machine can be very quickly 
altered so as to thresh beans without splitting them. In 
New York, Michigan and Wisconsin, where beans have for 
many years occupied an important position, a device has 
been used which is a combination of harvester and thresher. 
We understand that this machine is very successful in its 
operation and very moderate in cost. Where several members 
of a community are arranging to plant from twenty to fi fty 
acres of soy beans each, they may very profi tably join in the 
purchase of one or more of these harvesters which should 
pay for itself on the fi rst crop.
 “To the average farmer who is desirous of following 
more advanced ideas of agricultural practice, soy beans 
should appeal strongly. They fi t remarkably well into the 
rotation as practiced in this state. Due to climatic conditions 
the farmer is quite often late in getting his corn planted. 
Soy beans make an admirable substitute for a part of the 
corn acreage in a case of this kind, as they can be planted 
later than corn, and in this way the spring work is better 
distributed. They require only two or three cultivations, and 
by choosing the proper varieties the harvest will come just 
before winter wheat seeding time. The wheat may then be 
sown in the soy bean stubble without any further preparation. 
The Ohio experiment station has shown that the average 
yield of wheat following soy beans is 10.3 bushels greater 
than that following corn. The clover crop which is depended 
upon for soil improvement in Illinois, very often fails, due 
to many different causes, and in this event soy beans make 
a very acceptable substitute, as they have the property of 
extracting nitrogen from the inexhaustible supply in the air 
by means of the bacteria which exists upon the roots, thereby 
enriching the soil and promoting chemical activity. The 
farmer who grows soy beans can be assured of a comparative 
freedom from insect pests and plant diseases, as they have 
so far been subject to but few ailments of this nature. The 
straw obtained from threshing the soy bean makes a valuable 
feed for all kinds of live stock, and is considered a valuable 
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roughage.
 Chance for Development: It would seem as if the time 
were ripe for a steady growth and development of the soy 
bean industry in the United States. Although Europe is a 
large consumer of the soy bean and its products, she will 
never be much of a producer, as she must use all of her 
available land for growing foodstuffs. Manchuria and China 
have practically reached their limit, and by far the greater 
bulk of the beans must go to feed their ever-increasing 
populace. Besides, there is now an import tax of twenty 
cents a gallon on soy bean oil into the United States, which 
makes the importation of this article into this country 
almost prohibitive. Inasmuch as soy bean oil is capable of 
substitution into products using linseed and cottonseed oils, 
let us analyze the situation from this viewpoint. The new 
land available for fl ax seed production in this country has 
reached its limit, and as fl ax is a hard crop on soils, the older 
land devoted to this crop cannot be expected to maintain high 
yields.
 “In the South the depredations of the boll-weevil has 
resulted in a reduction of the production of cottonseed. That 
there is a demand for soy bean oil in this country can be seen 
by consulting the reports of the United States Department of 
Commerce, which shows that the importation of the oil grew 
from 41,105,920 pounds in 1911, to 343,358,948 pounds in 
1918. A large part of this increase was due to war conditions. 
Nevertheless, there has been a very decided development in 
the use of soy bean oil as a substitute for both linseed oil and 
cottonseed oil.
 “Available statistics covering the years 1912 to 1918 
inclusive, show that the use of cottonseed oil, as a lard 
substitute decreased from 92 per cent to 83 per cent. At 
the same time, the use of soy bean oil as a lard substitute 
increased from 0 per cent to 4.7 per cent. Cottonseed oil 
decreased in the butterine industry from 27 per cent to 12.8 
per cent. The increase in soy bean oil for the same purpose 
was from 1 per cent to 2.1 per cent. Cottonseed oil in the 
soap industry decreased from 17 per cent. to 9.4 per cent, 
while soy bean oil, for the same purpose, increased from 0.1 
per cent to 9.3 per cent.
 “Thus it is evident that the principal users in both the 
linseed and the cottonseed industries will be active buyers of 
soy bean oil. Some idea of the extent of this possible demand 
in the United States is had when we consider that the annual 
cottonseed crop averages about 12 billion pounds. The 
average annual cottonseed oil production is about 1 billion. 
300 million pounds.
 “The average annual production of fl ax seed is about 
700,000,000 pounds. To this may be added an average 
importation of at least as much. Thus it becomes evident 
that there is waiting in the United States alone, an enormous 
possible consumption of soy oil” (Continued).

676. Blackwell, C.P.; Jeffords, S.L. 1922. Soy beans. South 

Carolina (Clemson) Agricultural College, Extension Circular
No. 36. 12 p. June.
• Summary: Contents: Introductory. Varieties (Otootan, 
Wilson, Hollybrook, Guelph, Mikado, Barchet). Soil 
adaptation. Soil preparation and methods of planting. 
Inoculation. Fertilizers. Lime. Time of planting. Rate 
of seeding. Method of cultivation. Time and method of 
harvesting. Uses: Forage, hay, silage, cash crop, soil 
improving crop. Soy bean enemies. Harvesters. Reasons for 
planting soy beans.
 Page 7: “To operate one of the commercial harvesters or 
pickers it will be found necessary to have one man to drive 
and one to stand in the rear end of the machine and keep the 
excess of trash and empty pods thrown out of the hopper. 
When the hopper is fi lled, the beans are emptied out and 
screened and sacked. A third man can follow the machine 
with a screen and sheet and keep the beans sacked without 
stopping the picker. The hopper will hold from six to eight 
bushels of beans, depending on the make of the machine. 
The number of acres that one machine can handle in a day 
will vary from four to six, and the length of harvesting 
season will vary from ten to fi fteen days. In the commercial 
soy bean districts the farmers estimate that 40 to 50 acres is 
about the amount that one harvester can take care of during 
an average season.”
 Photos show: (1) The Big Jumbo soy bean harvester 
manufactured by Geo. E. Pritchard, Elizabeth City, North 
Carolina. (2) The Little Giant soy bean harvester made by 
Hardy & Newsom, La Grange, North Carolina. (3) Threshing 
soy beans on an ordinary threshing machine after they have 
been harvested with a reaper. Courtesy of International 
Harvester Co. Address: 1. Chief of Agronomy Div., Clemson 
Agricultural College, South Carolina.

677. Park, J.B.; Willard, C.J.; Borst, H.L. 1922. Growing 
soybeans in corn: Experiments on Ohio State University 
Farm, Columbus. Ohio Agricultural Experiment Station, 
Monthly Bulletin 7(5-6):75-78. May/June. Whole nos. 77-78.
• Summary: This is a preliminary report of experiments 
conducted for the three-year period 1919-1921. A 
comparison is made of corn alone, corn drilled with 
soybeans, and soybeans alone. “The practical way of 
combining corn and soybeans is to drill the two together 
in the same row at the same time. This is best done with 
a special attachment on the planter, or by double drilling. 
Mixing the beans and corn in the planter box will not give a 
satisfactory stand of corn.”
 “Subject to the limitations mentioned, it seems probable 
that under average Ohio conditions the combination will 
produce more feed per acre than corn alone both for silage 
and hogging-down.”
 “The soybeans must be inoculated or they will compete 
with the corn for nitrogen.” Address: Columbus, Ohio.
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678. Morse, W.J. 1922. Re: Attaching a list of growers of 
soybeans. Letter to Prof. C.V. Piper, USDA, Aug. 23. 1 p. 
Typed, without signature (carbon copy).
• Summary: “Dear Prof. Piper: I am attaching herewith 
a list of growers of soybeans and agricultural workers, 
whom I thought would be interested in a book on soybeans, 
and no doubt would purchase a copy. The list was nearly 
made out when I learned that McGraw-Hill Co. had a list 
of agricultural workers. However, I do not think the list 
attached will cause any confusion.
 “Yours very truly, Agronomist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist [Forage 
Crop Investigations, Bureau of Plant Industry], USDA, 
Washington, DC.

679. Chicago Daily Tribune. 1922. Hoosiers see profi t in soy 
bean acreage. Sept. 24. p. A14.
• Summary: In northern Indiana last summer, thousands of 
acres of soy bean fl ourished in “soil that had been growing 
corn, oats, and wheat for generations. Wise farmers who 
multiplied by ten their soybean acreage of last year at 
planting time have attracted the attention of farmers all 
around the lower point of Lake Michigan. So much interest 
was taken that a soy bean day was staged a few days ago by 
growers and the farm bureau of Laporte county [Indiana].
 Some 139 farmers from northern Indiana attended the 
meeting on two farms six miles east of Laporte; many had 
never grown soy beans. The meeting was part of a drive 
organized by “C.A. Buechner, county agent, and the farm 
bureau to encourage the growing of more soy beans and to 
standardize varieties.”
 “Inoculation, time and method of planting, cultivation 
and harvesting of soy beans were subjects discussed at the 
meeting by W.A. Ostrander of the soil and crops extension 
staff at Purdue.” In northern Indiana, he recommended 
the Hollybrook variety for hay only and the Ito San and 
Manchu varieties for seed or hogging down. I.C. Bradley, 
representing a soybean processing company in Chicago 
Heights [about 32 miles south of Chicago, Illinois], 
discussed soy bean oil extraction and the sale of the oil and 
of the by-products, meal and fl our. “He said soy bean fl our 
is being used in hospitals, especially for the treatment of 
diabetes, because it contains no starch.”
 Note: This is the earliest document seen (July 2016) 
that mentions I.C. Bradley in connection with soybeans. 
Although the name of his company is not clearly given, it 
was in Chicago Heights, Illinois.

680. Morse, W.J. 1922. Re: Attaching three articles, one each 
on soybeans, velvet beans and cowpeas. Letter to Prof. C.V. 
Piper, USDA, Oct. 25. 4 p. Typed, without signature (carbon 
copy).
• Summary: “Dear Prof. Piper: I am attaching herewith three 
articles, one each on soybeans, velvet beans and cowpeas. 
Also you will fi nd a table giving the acreage of soybeans, 
velvet beans and cowpeas for seed production in the years 
1917, 1918, 1919 and 1920. I went to considerable pains to 
look up in various sources the acreages of the three crops 
for several years. The results were rather disappointing, as 
in many cases the acreages for the same year were quite 
different. The table, which I give you, represents the points 
that I have brought out in the articles, but I feel that the 
soybean acreage is not large enough. I trust that the material 
submitted is what you desire for the Yearbook article.”
 “Yours very truly, Agronomist.”
 The paper titled “Soybeans” states: “The large recent 
increase in acreage of the soybean seems to indicate that 
it will become in the near future one of the leading farm 
crops in the United States. Although used many as a forage 
crop, and even for this purpose the acreage has increased 
greatly annually, the large increase has been in the acreage 
for seed production, especially in the corn belt states. In 
many sections the soybean has proved a more profi table crop 
than oats, the crop which it is replacing in many corn belt 
rotations. The increase in acreage in seed production in 1922 
is estimated fully threefold that of 1921, being largely due 
to the possibilities of utilizing the seed for the production of 
oil and meal. The total area for seed production in the United 
States in 1920 was 190,000 acres. It is estimated that not 
more than 20 per cent of the soybeans are harvested for seed, 
the greater per cent being utilized for forage, pasture and 
ensilage. On this basis the total acreage of soybeans grown in 
1920 would be 950,000 acres.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist [Forage 
Crop Investigations, Bureau of Plant Industry], USDA, 
Washington, DC.

681. Rudolfs, W. 1922. Infl uence of sulfur oxidation upon 
growth of soy beans and its effect on bacterial fl ora of soil. 
Soil Science 14(4):247-63. Oct. [24 ref]
• Summary: Sulfured soils treated with superphosphate 
yielded the largest crops. The root systems of soy bean 
plants and also nodule formation were stimulated by small 
quantities of sulfur and depressed by larger amounts. “Sulfur 
with acid phosphate in addition produced the best soy bean 
plants, while the series receiving rock phosphate in addition 
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were poorest.” 
 Photos (p. 263) show: (1) “Soy bean plants grown in soil 
which had not received fertilizers for 30 years. Sulfur alone 
added.” Five pots; No. 1 is check.
 (2) “Soy bean plants grown in soil which had been 
fertilized for more than 30 years to which sulfur alone 
added.” Five pots; No. 1 is check. Address: New Jersey 
Agric. Exp. Station.

682. Mathews, I.J. 1922. Soy beans help the ground. Hoard’s 
Dairyman 64(16):447. Nov. 3.
• Summary: “In this county we have been studying soy 
beans intensively for the last fi ve years... And as the years 
come and go, more men are added to the ranks of the soy 
bean enthusiasts when they fi nd that this crop offers them a 
way out in their live stock operations.” Discusses soybean 
cultural practices, including the importance of inoculation, 
depth of planting, and use of fertilizer. “With the recent work 
of Purdue Univ. which indicates that ground soy beans and 
corn will produce as good gains on hogs as corn and tankage, 
provided a proper mineral ration is used to supplement the 
ground soy beans, it looks as though the live stock farmer 
were going to see the fruition of that old slogan, ‘Grow your 
own protein’.”
 A photo shows a fi eld of soy beans growing in rows. 
Caption: “Soy beans are unusual nitrogen gatherers. A 
20-bushel [per acre] crop of soy beans will carry 40% more 
protein and 25% more fat than a 50-bushel crop of corn; 
or 30% more protein and 65% more fat than a 2-ton crop 
of clover hay. They are especially adapted to sandy soils.” 
Address: Indiana.

683. Campbell, J.T.; Squirrell, W.J. 1922. Soybeans in 
Ontario (Letter to the editor). Breeder’s Gazette 82(20):641. 
Nov. 16.
• Summary: In this fi rst of two letters to the editor, Campbell 
(of Illinois) writes: “It is only within the past ten years 
that the soybean has become a crop of importance in the 
United States, and about three years ago [i.e., about 1919] 
its cultivation began in Canada.”’ Jeffrey Bros., and the 
Broadfi eld Stock Farm, near Whitby, Ontario, Canada 
cultivated nearly 100 acres of soybeans this year. People are 

growing soybeans in a commercial way in 
Canada. Climatically soybeans have about 
the same adaptations as corn. They are 
more drought-resistant and less sensitive to 
an excess of moisture. They will thrive on 
soils too acid for the successful growth of 
red clover, and provided the seed has been 
inoculated, on poorer soil than corn requires.
 Many appetizing dishes served in Chinese 
restaurants are made from soybeans. 
“Cooked as we cook navy beans, they are a 
failure. They must be prepared and served 
differently. Ground soybeans served as a loaf 

can scarcely be distinguished from meat loaf. As fl our they 
make tasty and nutritious muffi ns, especially valuable for 
diabetics.”
 Note. This is the earliest English-language document 
seen (June 2013) that uses the term “ground soybeans” to 
refer to whole soybeans that gave been cooked and ground.
 In this second letter, Squirrell (of Ontario Agricultural 
College) writes: “... soybeans have been grown for fodder 
and seed production at the Provincial Experiment Station at 
Guelph, Ontario, [Canada], since 1894, and been distributed 
through the Ontario Agricultural and Experimental Union 
to farmers in Ontario each year for the past twenty-three 
years... The most promising varieties which have been tested 
at Guelph are the O.A.C. No. 211, the Ito San, the Minnesota 
No. 167, the Early Brown and Early Yellow.
 “The chief weakness in soybean growing in Ontario is 
the lack of varieties maturing early enough to produce seed, 
and at the same time, a suffi cient quantity to make them 
profi table to grow. Recognizing this fact, we have carried on 
considerable plant breeding work with this crop. The O.A.C. 
No. 211, which was originated at Guelph, and which has 
been grown by a number of farmers, seems to be a variety 
which will reach maturity in many sections in Ontario, and at 
the same time is a large yielder.”
 Note 1. This is the earliest document seen (Feb. 2010) 
that gives soybean production or area statistics for Canada; 
nearly 100 acres of soybeans were cultivated this year on two 
farms. “People are growing soybeans in a commercial way in 
Canada.”
 Note 2. This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety O.A.C. 211; it was 
developed at the Ontario Agricultural College in Guelph, 
Ontario, Canada. Address: 1. Cook County, Illinois; 2. 
Ontario Agricultural College [Guelph, Ontario, Canada].

684. Fred, E.B.; Bryan, O.C. 1922. The formation of nodules 
by different varieties of soybeans. Soil Science 14(6):417-20. 
Dec. [2 ref]
• Summary: “Variation in nodule formation among different 
varieties of soybeans has been reported from different parts 
of Wisconsin. In many cases a certain variety has failed 
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to show inoculation when treated with a culture of known 
origin, while among different varieties growing side by side 
one has been inoculated and the other has remained free or 
practically free from nodules. Similar observations have been 
made in other parts of the United States.
 “Voorhees (1915) of New Jersey found that in a mixture 
of Brown and Haberlandt grown on medium heavy clay 
loam soil the two varieties did not show the same nodule 
formation. Although their root systems were closely 
associated in the soil, only the Brown variety produced 
nodules. Morse (2), in discussing Voorhees’ paper, reports 
that at the West Tennessee Experiment Station the Acme and 
Tokio varieties of soybeans failed to form nodules, while the 
Mammoth variety under the same conditions formed many 
nodules. Similar results were obtained the next year.
 Leonard (1916), on the other hand, as a result of 
laboratory and green-house tests concluded that a culture of 
bacteria isolated from a single strain of soybeans will form 
nodules on other varieties. In his experiments the organism 
was isolated from the Medium Yellow variety of soybean. 
Nineteen different varieties of soybeans were studied, 
including Amherst, Arlington, Barchet, Chernie, Chestnut, 
Cloud, Guelph, Haberlandt, Hope, Ito San, Jet, Manhattan, 
Medium Yellow, Pekin, Taha, Virginia and Wilson. It seems 
from these reports that the ability to form nodules varies 
among the different kinds of soybeans. Apparently certain 
varieties are more easily inoculated than others. It is also true 
that the time of ripening of one variety may infl uence the 
infection and subsequent formation of nodules. For instance, 
an early and late variety may show differences in inoculation 
as a result of variation in plant food at different times of the 
year. Repeated investigations have proved that the formation 
of nodules is infl uenced to a considerable degree by the 
reaction and salt concentration of the soil water as well as by 
other factors.”
 In greenhouse tests, the following soybean varieties 
were sterilized then inoculated with different cultures: 
Manchu, Mammoth Yellow, Wisconsin Black, Medium Early 
Green, and Haberlandt. In fi eld tests on the farm of Mr. J.R. 
at Montello, Wisconsin, check plots were planted to the 
following soybean varieties: Ito San, Manchu, Mammoth 
Yellow, Wisconsin Black, Black Eyebrow, and Hollybrook.
 Conclusion: “From the results of these laboratory and 
fi eld studies, there is no evidence to conclude that the nodule 
bacteria of soybeans are highly specifi c, but on the contrary it 
was found that the bacteria of one variety will readily infect 
another. Variation in nodule formation as seen under fi eld 
conditions must be due to some factor other than difference 
in bacteria.” Address: Univ. of Wisconsin.

685. Wiancko, A.T.; Mulvey, R.R. 1922. Soybeans in 
Indiana. Indiana (Purdue) Agricultural Experiment Station, 
Bulletin No. 238 (Revised ed.). 16 p. Dec.
• Summary: Contents: Summary. Introduction. Place in the 

rotation. Soil preparation. Soil fertilization. Inoculation. 
Time, method, and rate of planting. Cultivation. Harvesting. 
Threshing. Varieties. Table V (p. 14-15) gives a “Summary 
of results of tests of varieties of soybeans for seed and 
hay production, 1903-1922.” The variety that was named 
Hollybrook in the original March 1920 edition is now named 
“Midwest (Hollybrook).” First tested in 1905-09, it was 
also tested in 1917-21. Four varieties that had only numbers 
in 1916-22 are now named: Pinpu (28050), Wea (30600), 
Dunfi eld (36846), and Aksarben (36576, named by the 
Nebraska Station). Varieties tested in 1919-22 were Ito San 
(check), A.K., and Arlington.
 A sidebar summary facing page 3 states: “Indiana 
farmers should make more extensive use of the soybean. 
Its chief value on the ordinary farm lies in its high feeding 
quality, as either grain, hay, or green forage, and in its 
benefi cial effect upon the productiveness of the soil for 
crops which follow in the rotation. The soybean should fi nd 
a place wherever additional protein feed is required, as it 
will readily take the place of such high-priced concentrates 
as tankage and cottonseed meal. On account of its nitrogen-
fi xing ability, it provides an excellent leguminous substitute 
whenever clover fails in the rotation. A fair trial of the 
soybean will easily demonstrate its claim to an important 
place in Indiana agriculture.”
 The photos are similar to those in the 1920 edition. One 
additional photo (p. 16) shows soybean hay in cocks on a 
farm near Clark’s Hill, Indiana.
 Note: This is the earliest document seen (Oct. 2013) that 
mentions the soybean variety Midwest.

686. Brown, W.H. comp. 1922. The farmers’ handbook. 4th 
ed. Sydney, NSW, Australia: New South Wales Dept. of 
Agriculture. vi + 966 p. See p. 565-67. Illust. 24 cm. 1st ed. 
was 1911. 3rd ed. was 1918. 5th ed. was 1943.
• Summary: Section 7, “Leguminous crops (p. 532-89), 
has the following contents: Introduction: Soil inoculation, 
summer crops (incl. soybeans), winter legumes. Lucerne 
[alfalfa] (now the chief leguminous crop of NSW). Cowpeas. 
Soy beans. Velvet beans. Peanuts. Field peas. Vetches and 
tares. Clovers (the 3 basic types are annual, biennial, and 
perennial, and there are several varieties of each, in the 
genera Trifolium and Medicago). Medics (incl. Burr medics, 
Spineless medics), trefoils (Medicago lupulina {English 
trefoil}), and crowfoots (Erodium sp.).
 The subsection on soybeans (p. 565-67) states: 
“Introduction: A crop which is grown to the extent of 
190,000 acres in the United States seems surely to merit 
some place in the agriculture of New South Wales, which in 
many parts is climatically similar to America.
 “For many years soybeans were tried on the North 
Coast and in other warm districts on the western slopes, but 
without any sign of success. From this failure it has been 
wrongly concluded that the climate of New South Wales is 
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wholly unsuited to the culture of soybeans. Evidence is now 
available to the effect that it is in the cooler climates of the 
State chiefl y that soybeans will be generally most successful. 
On the North Coast, both velvet beans and cowpeas are 
too strong competitors as green manures or even as fodder 
crops, with perhaps the exception of one outstanding variety 
of soybeans. Though resistant to a certain amount of dry 
weather, soybeans are not suffi ciently drought-resistant to 
stand the long dry spells experienced during the summer 
in the western districts, except in favoured localities on the 
slopes.
 “Although killed by heavy frost, soybeans will stand a 
considerable amount of frost without injury, and have already 
been successfully grown on parts of the Northern, Central, 
and Southern Tablelands.”
 “The utility of soybeans: The soybean is one of the most 
important crops of China and Japan, and from these countries 
a large amount of soybean oil is exported, some of which 
fi nds its way into Australia.” The semi-drying oil is used 
chiefl y in the manufacture of paint and soap.
 “It is not, however, as a grain crop for this purpose that 
it is likely to make headway here. Apart from its value as 
green manure (being a legume, it maintains or increases the 
nitrogen of the soil also), the soybean excels mainly–(1) 
as a grain crop for hogging down, on account of its heavy 
production of seed of very high protein and oil content and 
excellent feeding value, and (2) as an emergency hay crop 
on account of the high value of its fodder... the hay is about 
equal in feeding value to lucerne hay, and superior to clover 
hay, and it has the added virtue of being able to produce 
good crops of hay on soils too poor or too sour for clover or 
lucerne.
 “Unlike cowpeas, the soybean ripens all its seed at about 
the same time; on the tablelands, the best varieties take about 
four months to reach the hay or fodder stage, and about 5 
months to mature seed.”
 The soybean is comparatively free from attacks of 
insects and diseases. Even the seed in storage is not affected 
by the bean weevil which infests cowpeas and other beans 
so badly. Rabbits are, however, very partial to the crop, even 
when plenty of other feed is available...”
 Planting: The best time to soy soybeans is a little after 
maize has been planted. “Soybean seed heats very quickly in 
storage (especially in a warm, moist climate) and also loses 
its germinating power very quickly if kept for any length of 
time, especially over one season.
 Varieties: “Of the varieties tried so far in New South 
Wales, the following seem to do best:” Otootan, Hollybrook, 
Mammoth Yellow, Haberlandt.
 As a hay or fodder crop: “It is as an emergency hay crop 
that soybeans are destined to fi ll a place in our tableland 
agriculture.” The soybean’s fi ve chief qualities are described. 
Address: Editor of Publications, New South Wales Dep. of 
Agriculture, Sydney, Australia.

687. Bryan, Ollie Clifton. 1922. The effects of acidity and 
alkalinity on legumes. PhD thesis, University of Wisconsin–
Madison. 23 + 3 + [12] + 13 + [3] leaves. 29 cm. In: Library 
of Congress. Catalog Div. A List of American Doctoral 
Dissertations Printed in 1912-1932. 1925. *
• Summary: Part I. The effect of growth and nodule 
formation on soybeans. Part II. The effect of growth and 
nodule formation on alfalfa, alsike clover, and red clover.
 Note: Part I reprinted in Soil Science 13(4):271-302 
(April 1922). Ollie Clifton Bryan was born in 1894. Address: 
Univ. of Wisconsin.

688. Hunnicutt, Benjamin Harris. 1922. A cultura do feijao 
soja [The cultivation of soybeans]. Rio de Janeiro, Brazil: 
Typ. Revista dos Tribunaes. 21 p. [Por]
• Summary: This is an expanded edition of his 1920 booklet 
by a similar title. Contents: Introduction. Agricultural history. 
Botany. Botanical description. Soil. Climate. Desirable 
characteristics. Varieties (tested in Brazil, and grown in 
the USA). Preparation of the soil. Planting (the seeds). 
Inoculation. Period of growth and days to maturity. Time 
of cutting for hay. Fertilizer / manure. Companion crops / 
intercropping. Crop rotation. Production of seeds. Use of 
the soybean as a forage crop. Feeding soybeans to pigs. 
Diseases. Varietal improvement. Comparison of the soybean 
with the cowpea.
 Photos show: (1) A close-up of a man in a fi eld of 
soybeans. (2) A soybean plant next to a ruler for size 
comparison. (3) A fi eld of soybeans. Address: Prof., Director 
of the Agricultural School of Lavras (da Escola Agricola de 
Lavras), [Brazil].

689. Lipman, Jacob G.; Blair, Augustine W. 1922. Report 
of the Department of Soil Chemistry and Bacteriology. 
The infl uence of lime on the yield and nitrogen content of 
soybeans. New Jersey State Agricultural Experiment Station, 
Annual Report 43:355-56. For the year ending June 30, 1922.
• Summary: “The season of 1921 completes a continuous 
record with soybeans on sassafras loam soil, limed and 
unlimed plots, for a period of 9 years. The lime (ground 
limestone) is applied at the rate of 2 tons per acre at intervals 
of 5 years. Acid phosphate and muriate of potash are used in 
liberal amounts, but no commercial nitrogen is used.
 “During the season of 1921, six varieties of beans were 
grown on limed plots and also on corresponding unlimed 
plots. Six other varieties were grown on limed plots only. 
The beans were grown to maturity and threshed for seed. The 
results are reported in table 6.
 The six samples grown on the limed plots of the fi rst 
section show an average yield of 17.1 bushels per acre, and 
those in the second section an average of 19.8 bushels per 
acre. Swan, Manchu, Austin and Virginia show a yield of 19 
bushels or over per acre.
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 “The average percentage of nitrogen in the beans from 
limed plots is 6.6 per cent with 3 samples running slightly 
over 7 per cent.
 “The soil of the unlimed section has become so 
unfavorable in condition as to be almost unproductive, 
the average yield for these plots being only 1.25 bushels 
per acre. It may be pointed out also that the percentage of 
nitrogen in these is slightly lower than in the beans from 
the limed sections. On the other hand, the percentage of 
nitrogen in the stalks from the unlimed section is distinctly 
higher than in the stalks from the limed section. This is 
contrary to the usual experience and may possibly be due to 
the presence, in the former, of immature pods which did not 
thresh out properly.
 “The total nitrogen recovered from the limed section 
varies from 60 to 104.7 pounds per acre, the average being 
about 80 pounds for the fi rst 6 varieties and 90.7 for the 
second 6 varieties.
 The average recovery for the unlimed plots was less than 
10 pounds per acre.
 “Although this is a rather extreme case, it affords a 
striking example of the value of lime in winning nitrogen 
from air through the use of leguminous crops. Each year the 
limed beans have returned about twice as much nitrogen as is 
returned by an ordinary crop of corn, wheat or hay, and still 
after 9 years show no nitrogen defi ciency, nor does the soil 
get perceptibly poorer in nitrogen.
 “It would not be desirable in most cases to grow 
soybeans year after year on the same land, but the work 
shows how valuable they would be as an aid in maintaining 
soil fertility could they be made one of the crops of the 
rotation.”
 Table 6 shows “The infl uence of lime on the yield and 
nitrogen content of soybeans–1921.” The varieties tested 
are: Baird, Swan, Wilson, Ebony, Edna, Minn. No. 115, 
Haberlandt, Manchu, Manhattan, Austin, Elton, and Virginia. 
The highest yield was 24.3 bushels per acre from Manchu on 
limed soil. Address: 1. Soil Chemist and Bacteriologist; 2. 
Assoc. Soil Chemist. Both: New Brunswick, New Jersey.

690. McCallan, E.A. 1922. Report of the Director of 
Agriculture for the year 1921. Reports of the Board and 
Department of Agriculture, Bermuda For the year 1921. p. 
7-29.
• Summary: The section titled “Vegetable Experiments” 
states (p. 9): “Hollybrook and Ito San soy beans were planted 
on eleventh July [1921], and the former especially gave a 
good crop of beans. The cultivation of the soy beans as a 
summer crop is strongly recommended. The green shelled 
beans are delicious for table use, the plant is an excellent 
fodder, and is a valuable nitrogenous green manure when 
the soil is inoculated with its bacteria. As a green manure it 
does not yield as heavily as the cowpea, but is more cheaply 
plowed under.”

 Page 12, under “Green and Stall Manuring,” notes: 
“Nearly all the vegetable plots were planted to Mammoth 
Yellow soy beans, after having received a moderate dressing 
of stall manure. Eight tons per acre was produced, the greater 
part of which was forked under for green manure, and the 
remainder fed to the stock.” Address: Director of Agriculture, 
Agricultural Station, Bermuda.

691. Mathews, I.J. 1923. Soybeans in the rotation: How 
this valuable crop can be made to fi t in. Successful Farming 
20(2):14, 35. Feb.
• Summary: “With the facts set out above before us, it is 
no idle statement to say that the soybean can, and perforce 
must, come to occupy an important place in cornbelt rotation 
systems. They will grow on a soil so acid that clover does 
not thrive and they will secure the nitrogen from the air and 
transform it into soil nitrates...
 “From the standpoint of the rotation, the most serious 
objection to soybeans is that as commonly planted, they need 
cultivating and this comes just at a time when the corn needs 
the same treatment. This year, a number of farmers have tried 
different ways to get rid of this cultivating when the corn 
needed attention.
 “J.V. Shively of Montgomery county, Indiana, grew 
soybeans that were entirely free from weeds without crop 
cultivation.” He does this by plowing the ground then discing 
it deep 3 times before planting the soybeans. Two photos 
show large fi elds of soybeans. Address: Indiana.

692. Piper, Charles V.; Morse, William J. 1923. The soybean. 
New York, NY: McGraw-Hill Book Company, Inc. xv + 329 
p. Feb. Illust. Index. 24 cm. Reprinted unrevised in 1943 by 
Peter Smith Publishers, New York. [563 ref]
• Summary: This classic is the fi rst comprehensive book 
about the soybean written in English, and the most important 
book on soybeans and soyfoods written in its time. Contains 
an excellent review of the world literature on soybeans and 
soyfoods with a 22-page bibliography on soy that is larger 
than any published prior to that time (563 references), a good 
description of the present status of the soybean worldwide 
based on the authors’ extensive contacts, and a great deal 
of original information. It quickly became a key source 
for people and organizations working with soybeans and 
soyfoods in all countries, and a major factor in the expansion 
of the soybean in the western world. Because of its scope 
and infl uence, Soyfoods Center considers the year of its 
publication to mark the end of the “Early Years” of the 
soybean worldwide. It remained in print until about 1986.
 Facing the title page is a list of “McGraw-Hill 
Agricultural and Biological Publications. Dr. Charles V. 
Piper, Consulting Editor.” The authors and titles of twelve 
books already published in this series are listed.
 Contents: Preface. 1. Introduction: Name of the plant, 
origin, literature, use by the Chinese and Japanese, present 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   344

© Copyright Soyinfo Center 2018

importance, future prospects in the U.S., recognition 
of the possibilities. 2. The commercial status of the 
soybean: Manchuria and China, Japan, Europe, U.S., other 
countries, summary of imports and exports of soybeans and 
soybean oil. 3. Botanical history of the soybean: History 
prior to Linnaeus’ “Species Plantarum” 1753, Linnaeus’ 
misunderstandings of the soybean, Prain’s elucidation, other 
and the correct botanical name.
 4. Agricultural history of the soybean: Vernacular 
names of the soybean, China, Korea, and Japan, India and 
neighboring regions, Cochin China, Malayan region, early 
introduction into the United States, later U.S. introductions, 
the early introduced varieties (grown in the USA by 
1898–Ito San, Mammoth, Buckshot, Guelph or Medium 
Green, Butterball, Kingston, Samarow, Eda, Ogemaw or 
Ogema), soybean in Europe, varieties grown in Europe 
and identifi cation, Hawaiian Islands, Australia, Africa, 
Argentina (p. 50), Canada (“Soybeans are grown in very 
small quantities in Canada and then usually as a forage 
crop”), Philippines, Egypt, Cuba (p. 52), British Guiana, 
Mauritius (p. 53), present culture distribution. 5. Culture of 
the soybean: Climatic adaptations, soil preferences, water 
requirement, preparation of seed bed, time of planting, 
methods and rate of seeding, seeding for pasturage, depth 
of seeding, inoculation, fertilizer reactions, cultivation, 
soybeans in mixtures (with cowpeas, sorghums, Sudan grass, 
Johnson grass, millet, corn, or sunfl owers and corn).
 6. Harvesting and storage of soybeans: harvesting 
soybeans for hay, silage, for the seed, seed yields, proportion 
of straw to seed, storing seed, separation of cracked from 
whole soybean seed, viability of soybean seed, pedigreed, 
inspected, registered, and certifi ed seed. 7. Composition 
of the soybean: Proportions of stems, leaves and pods, 
composition of plant and seed, nutritive and mineral 
constituents, forms of nitrogen in soybean nodules, factors 
affecting oil content of seed. 8. Utilization of the soybean: 
Diversity of uses (a chart, p. 129, shows 59 products that can 
be made from soybean seeds, and 6 more that can be made 
from soybean plants), soybeans for green manure, pasturage, 
soiling, ensilage, hay, straw.
 9. Varieties: Japanese classifi cation of varieties, 
classifi cation of varieties in Manchuria (3 yellow, 2 green, 
3 black), botanical classifi cations, vital characteristics, 
descriptions of important varieties (43 varieties and 
7 synonyms), key for identifi cation, breeding and 
improvement, genetic behavior, oil content.
 10. Structure of soybean seeds. 11. Soybean oil: 
Methods of extraction [Manchurian, and solvent], American 
oil mills, methods of shipping and marketing, prices, 
utilization in soap manufacture, food, paint manufacture, 
miscellaneous. 12. Soybean cake or meal: Feeding value, 
composition, use for feeding for dairy cows, cattle, swine, 
sheep, poultry, digestibility, injurious effects, fertilizer.
 13. Soybean products for human food: Food value of the 

soybean, digestibility of the soybean and its products, mature 
or dry soybeans, immature or green soybeans (a “nutritious 
green vegetable”), soybean fl our, digestibility of soybean 
fl our, soybean bran (p. 225-26), soybean sprouts, soybean 
coffee, soybean or vegetable milk [soymilk] (preparation, 
composition, residue from the manufacture of vegetable 
milk [okara], utilization of soybean milk, condensed 
vegetable milk, vegetable milk powder, fermented vegetable 
milk), vegetable casein, tofu or soybean curd (names and 
brief history, method of manufacture, coagulating agents, 
manufacturing yields, digestibility, utilization of bean curd 
and manufactured products, bean curd brains or tofu nao, dry 
bean curd or tofu khan, thousand folds {chien chang tofu}, 
fried bean curd {tza tofu}, Fragrant dry bean curd {hsiang 
khan}, frozen tofu {kori tofu}, Chinese preparation, various 
dishes), natto, hamananatto [hamanatto], yuba, miso, shoyu 
[soy sauce], confections. 14. Table dishes of soybeans and 
soybean products: mature or dry beans, fl our, tofu, sprouts 
(86 recipes). 15. Enemies of the soybean: bacterial, mosaic, 
fungous [fungus], and nematode diseases, insects, rodents. 
This last chapter is a comprehensive review of the literature 
on soybean diseases and insects published before 1922.
 The Preface begins: “The soybean, also known as soya 
or soja bean, has assumed great importance in recent years 
and offers far-reaching possibilities of the future, particularly 
in the United States. It is, therefore, desirable to bring 
together in a single volume the accumulated information 
concerning this crop...
 “The aim has been to present the information so as 
to make it useful from both agricultural and commercial 
standpoints, not omitting, however, much that is mainly of 
historical or botanical interest...”
 The introduction begins: “There is a wide and growing 
belief that the soybean is destined to become one of the 
leading farm crops in the United States.”
 Note 1. C.V. Piper lived 1867-1926. Note 2. This is the 
earliest English-language document seen (July 2003) that 
uses the term “soybean bran” to refer to soy bran.
 Note 3. This is the earliest document seen (July 2003) 
in which Piper or Morse describe natto, Hamananatto 
[Hamanatto], yuba, or miso.
 Note 4. This book was published by March 1923 (See 
Ohio Farmer, 10 March 1923, p. 313).
 Note: The word “Russia” appears on 3 pages of this 
book in connection with soybeans: p. 18 (in 1912, 1913, 
and 1914 Russia imported soybeans, soybean cake, and 
soybean oil), p. 54 (cultivated in “southern Russia {Podolia, 
Samarow}”), p. 227 (“In Japan and southern Russia soybean 
coffee is prepared and put up in small packages for the 
market”).
 Note 1. The terms “Soviet Union” or “USSR” do not 
appear in this book–even though the Soviet Union was 
established in Dec. 1922.
 Note 2. Podolia is in today’s Ukraine. Address: 1. 
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Agrostologist; 2. Agronomist. Both: United States Dep. of 
Agriculture, Washington, DC.

693. Los Angeles Times. 1923. Arizona university reports on 
tests. March 11. p. IX10.
• Summary: “Tucson–A.B. Ballantyne, acting Director 
of Extension Service, University of Arizona,” recently 
announced the results of experiments and fi eld investigations 
by the university’s agronomy department:
 “(1)... Artifi cial inoculation of many legumes, such as 
vetch, cowpeas, soybeans, sweet clover and alfalfa, does pay 
on the Yuma Mesa.”
 “(3) Of the more than twenty varieties of soybeans 
regularly sold on the market, the Tootan [O-too-tan] variety 
is the best for green manure or cover crop purposes in the 
Salt River, Yuma, or similar valleys.”
 “(5) It is not practical to attempt to grow either soybeans 
or cowpea seed for commercial purposes in the lower 
irrigated valleys of this state.”
 Also discusses: Tepary beans, Mexican corn, cotton, 
wheat, and Rhodes grass.

694. Hackleman, J.C. 1923. Re: Soybean varieties for 
inoculation studies. Letter to W.J. Morse, Bureau of Plant 
Industry, USDA, Washington, DC, March 22. 1 p. Typed, 
with signature on letterhead.
• Summary: “I am sorry that there was some 
misunderstanding regarding our cooperative work with 
soybeans this year. We wanted the 100 pounds samples of the 
varieties to use for our preliminary inoculation studios in the 
green house. Then we proposed to follow these out into the 
fi eld and study the inoculation there.
 “The thing that I had in mind regarding the larger 
samples was that you furnish us perhaps thirty pounds of the 
Virginia, Wilson-Five, Peking, and Haberlandt. We would 
use the Virginia, Wilson-Five and Haberlandt in southern 
Illinois. We would furnish from here the 13-19, the Manchu, 
and Midwest, for the entire state. In central Illinois we would 
use the Peking.”
 “We are having a great deal of interest in counties that 
have never had soybean demonstrations and inasmuch as we 
are going to conduct inoculation studies along with the plots, 
I believe we are going to get a great deal of information.
 “Of course these variety demonstrations will all be 
supplemented with local varieties such as the Hamilton, the 
Ebony, the Hurrelbrink, etc.”
 Note: On Feb. 23 Hackleman wrote Morse that he would 
be conducting the soybean inoculation studies with Prof. 
O.H. Sears, Div. of Soil Biology, Dep. of Agronomy, Univ. 
of Illinois.
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–Correspondence with State Agric. Exp. 

Stations, 1899-1928. Box 11–Illinois. Folder #6–Illinois Exp. 
Station.
 Note: This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety Hurrelbrink.
 Sent to Soyfoods Center by Jacob Jones of Purdue 
Univ., Aug. 1998. Address: Crops Extension, Agric. Exp. 
Station, Urbana, Illinois.

695. Farmers’ Bulletin (USDA). 1923. Organization of the 
United States Department of Agriculture. No. 1313. 23 p. 
March. See back cover.
• Summary: This table on the back cover shows: Secretary of 
Agriculture: Henry Wallace. Asst. Secretary: C.W. Pugsley. 
Director of Scientifi c Work: E.D. Ball. Weather Bureau. 
Bureau of Agricultural Economics: Henry C. Taylor. Bureau 
of Animal Industry. Bureau of Plant Industry: William A. 
Taylor. Forest Service. Bureau of Chemistry. Bureau of Soils. 
Bureau of Entomology. Bureau of Biological Survey. Bureau 
of Public Roads. Fixed Nitrogen Research Laboratory: 
F.G. Cottrell. Div. of Accounts and Disbursements. Div. of 
Publications. Library [NAL]: Claribel R. Barnett, Librarian. 
States Relations Service: A.C. True. (Offi ce of Home 
Economics: C.F. Langworthy). Federal Horticultural Board. 
Insecticide and Fungicide Board. Packers and Stockyards 
Assoc. Grain Future Trading Act Administration. Offi ce of 
the Solicitor.

696. Piper, Charles V.; Morse, William J. 1923. Photographs 
and illustrations (Document part). In: Piper and Morse. 1923. 
The Soybean. New York: McGraw-Hill. xv + 329 p.
• Summary: Photos show: (Fig. 1) Typical soybean plant 
(p. 1). (2) Plant of wild soybean (p. 2). (3) A fl eet of junks 
engaged in carrying soybeans to Newchwang, Manchuria, 
from different points in the interior, taking away bean oil 
and bean cake to other places * (p. 6). (4) Soybeans in sacks 
brought to a bean center by horses in winter in Manchuria 
(p. 8). (5) Chinese bean cart loaded with beans in wicker 
containers in Manchuria (p. 8).
 (6) Type of cart and method of hauling soybeans with a 
horse in Manchuria (p. 10). (7) Manchurian farmers hauling 
the bean crop to market in winter on sleds (p. 10). (8) Plants 
of a soybean variety from India (p. 38). (9) Plants of the 
wild soybean from Soochow, China, grown at the Arlington 
Experimental Farm, 1908 (p. 38). (Fig. 15) Soybeans grown 
on the edges of a rice fi eld in southern China * (p. 58).
 (16) A man in a fi eld of the Peking variety of soybean 
grown in rows and cultivated (p. 61). (17) A broadcast fi eld 
of soybeans showing how weeds have overrun the fi eld (p. 
61). (18) The ordinary grain drill furnishes a most convenient 
method of seeding in rows or broadcast (p. 63). (19) 
Soybeans and corn grown in alternate rows for pasturage; 
a man in a hat stands between the rows (p. 65). (20) The 
roots of a soybean plant, showing abundant development of 
nodules (p. 66).
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 (21) A man standing in a plat of soybeans without 
inoculation (in the foreground) and an adjacent plat which 
had been inoculated, in the background (p. 67). (22) A man 
seated on a cultivator pulled by two horses doing the last 
cultivation on a fi eld of soybeans (p. 79). (23) Soybeans and 
sorghums grown in mixture for forage purposes (p. 80). (24) 
A fi eld of soybean and Sudan grass grown in mixture for hay 
(p. 81). (25) A fi eld of soybeans and corn grown in the same 
row for ensilage (p. 82).
 (26) Soybean hay on frames. Under favorable weather 
conditions, hay can be successfully cured in this manner (p. 
86). (27) A fi eld of mature soybeans ready to cut for seed 
(p. 90). (28) Harvesting soybeans for seed with a bunching 
attachment on the mower (p. 90). (29) Self-rake reaper used 
in cutting soybeans for seed (p. 91). (30) Soybeans cut for 
seed with binder and soybeans placed in shocks for curing 
(p. 92).
 (31) The ordinary gasoline threshing outfi t which may 
be used in threshing soybeans (p. 92). (32) A special bean 
harvester used in gathering the soybean seed from the 
standing mature plants and also cleaning it (p. 94). (33) A 
special bean harvester by which the plants are cut, thrashed, 
and cleaned (p. 94). (34) A special soybean harvester used 
to gather soybean seeds from the standing mature plants, 
and which can be adjusted to level or ridged cultivation. 
On one side is written “The Little Giant Bean Harvester,” 
manufactured by Hardy & Newsom, La Grange, North 
Carolina (p. 95). (35) Method of storing soybean seed 
awaiting shipment in Manchuria. The beans in sacks are 
stacked under Chinese mats (p. 98).
 (37) Pasturing a corn and soybean mixture with sheep 
(p. 133). (38) Thrashing soybeans from the fi eld and baling 
the straw (p. 141). (39) The larger plant is the Guelph or 
Medium Green which is very pubescent, while the smaller 
plant is a nearly smooth variety from Japan (p. 149). (40) 
Pods of soybeans showing the range in size and shape 
(natural size; p. 151).
 (41) Seeds of the most important varieties of soybeans 
now grown in the United States showing the wide range 
in size and shape of seed. The name of each of the 20 
varieties is given. A side view and a ventral view of each 
pair of seeds is given (p. 152). (42) Seeds of a black and 
white variety (Widower) from Korea. The white is due to 
the splitting of the outer later of the testa. A side view of 
six varieties is shown (p. 155). (43) A fi eld of the Biloxi 
soybean, which requires a long season to mature (p. 163). 
(44) A man standing in a fi eld of the Virginia variety of 
soybeans (p. 170). (45) Seeds of a natural soybean hybrid 
showing peculiar types of coloration (p. 175). (46) Pods of 
soybeans, hairy and smooth (p. 176). (47) A sterile soybean 
plant obtained from a natural hybrid (p. 176). (49) Seeds 
of an artifi cial soybean hybrid, showing peculiar types of 
coloration (p. 181). (56) An old style Chinese oil bean press, 
Manchuria (p. 195). (57) Coolies at Newchwang, Manchuria, 

carrying loads of soybeans from the junks to big stacks, 
where they are kept until the factory needs them for oil 
manufacture * (p. 196). (58) “Seeds and pods of the Hahto 
variety of soybeans, the seeds being especially valuable as 
a green vegetable” (p. 222). (59) Baskets of sprouted, small 
yellow soybeans and sprouted mung beans * (p. 226). (60) 
Men making soymilk, working with machinery with which 
the soybeans are ground and the milk strained. Note the 
2 grinding stones and the cloth strainers suspended from 
the ceiling over the tub. The cabinet with rack for bottles 
is noted in the background (p. 228). (61) Motor stone mill 
for grinding soybeans in preparing tofu with brass water 
tank (A), funnel reservoir (B), stones (C), and brass guard 
(D) (p. 229). (62) Delivery coolies holding baskets full of 
bottles showing the way soybean milk is delivered by the 
factory in Changsha, China (p. 231). (76) A courtyard fi lled 
with large earthenware containers with cone-shaped wicker 
tops for ripening soy sauce mash [in Ichang (I-ch’ang or 
Yichang), Hupe / Hupeh / Hubei province, China]; a small, 
strong basket is placed into each, with its rim just above the 
surface of the mash. The soy sauce collects or accumulates 
in each basket and is then dipped out, ready for consumption 
* (p. 251). (77) A man standing next to an iron cauldron in 
which soybeans are boiled for the manufacture of soy sauce 
(p. 252). (79) Fermenting room for yeast and soybeans in 
preparation of soy sauce (p. 253). (80) Rows of pots with 
cone-shaped wicker lids fi lled with soybean and wheat 
mixture for soy sauce * (p. 254). (81) A box press in which 
sacks of fermented soybeans are placed for pressing out the 
liquid forming soy sauce * (p. 254). (82) A man next to a 
kettle for boiling the soy sauce. After it is boiled, the sauce is 
ready to be placed in kegs at left side (p. 255). (83) Rows of 
soybean sauce in jars ready for shipment (p. 255). (84) Root 
of a soybean plant showing rootknot caused by the nematode 
(Heterodera radicicola) (p. 285).
 Note: * means photo by Frank N. Meyer in China or 
Manchuria.
 Illustrations (line drawings) show: (Fig. 48) Flower of 
the soybean enlarged. Front view. Side view. Parts of the 
corolla, standard, wing, one of the keel petals. Stamens. Pistil 
(p. 177). Figures 50-55, from Kondo (1913) are described at 
Kondo.
 Maps show where the soybean is extensively and 
successfully grown in: (Fig. 10) The Orient (p. 51). (11) 
North and South America (p. 52). (12) Europe and Africa (p. 
53). (13) A map of Manchuria shows the soybean districts 
and seed production of different localities (p. 56). (14) 
An outline map of the United States shows the areas with 
shading to which the soybean is especially adapted as to 
varieties and purposes (p. 57).
 A diagram (Fig. 36, p. 129) shows the various ways in 
which the plants and seeds of soybeans are utilized. Level 2: 
The fi rst two categories are seeds and plants.
 Level 3: Under seeds: Food products, oil, and meal. 
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Under plants: Hay, ensilage, soiling.
 Level 4: Under food products: green beans and dry 
beans. Under oil: Glycerin, explosives, enamels, varnish, 
food products, waterproof goods, linoleum, paints, soap 
stock, celluloid, rubber substitute, printing inks, lighting 
[illumination], lubricating. Under meal: Human food, stock 
feed, fertilizer. Under forage: Hay, ensilage, soiling.
 Level 5: Under green beans: Green vegetables, canned, 
salads. Under dried beans: Soy sauce, boiled beans [from 
whole dry soybeans], baked beans [whole], soups, coffee 
substitute, roasted beans, vegetable milk, breakfast foods. 
Under soap stock: Soft soaps, hard soaps. Under oil–food 
products: Butter substitute, lard substitutes, edible oils. salad 
oils. Under meal–human food: Breakfast foods, diabetic 
foods, fl our, infant foods, macaroni, crackers, [soy] milk.
 Level 6: Under dried beans–vegetable milk: Cheese, 
condensed milk, fresh milk, confections, casein. Under 
meal–human food–fl our: Bread, cakes, muffi ns, biscuit.
 Level 7: Under cheese: Fresh, dried, smoked, fermented.

697. Piper, Charles V.; Morse, William J. 1923. Tables 
(Document part). In: Piper and Morse. 1923. The Soybean. 
New York: McGraw-Hill. xv + 329 p.
• Summary: Tables: (1) Acreage, production and yield of 
soybean seeds in the United States. Gives statistics for each 
for 1918, 1919, and 1920 for 14 states, other, and total. The 
states are listed in descending order of soybean acreage in 
1921, as follows: North Carolina, Virginia, Alabama, Illinois, 
Ohio, Kentucky, Missouri, Tennessee, Wisconsin, Indiana, 
Georgia, Pennsylvania, South Carolina, Mississippi.
 (2) Estimates of soybean production of Manchuria for 
various years (in million tons): 1906 = 0.6. 1907 = 0.6 to 0.9. 
1908 = 1.150. 1909 = 1.150. 1910 = 1.4. 1913 = 1.2 1921 = 
4.52.
 (3) Cost of production of soybeans per acre in 
Manchuria, 1910. (4) Monthly capacity of steam oil mills 
at Newchwang, Manchuria, 1917. (5) Export of soybeans, 
bean cake, and bean oil from the principal ports of South 
Manchuria, 1909 to 1913, inclusive. (6) Five-year averages 
(1897-1919, inclusive) of acreage, production, and yield per 
acre of soybeans in Japan. (7) Amount and value of soybeans 
imported by Japan. (8) Importations of soybean cake and 
bean oil into Japan. (9) Quantity and value of exports of 
soybeans and soybean oil from Japan to foreign countries, 
1913 and 1914.
 (10) Quantity and value of exports of miso (bean cheese) 
and shoyu sauce, 1903 to 1907, inclusive. (11) Quantity 
and value of imports of soybeans, bean cake, and bean 
oil by European countries, 1912 to 1914, inclusive. (12) 
Comparative prices per ton of cottonseed and soybeans in 
European markets, 1911 to 1914, inclusive. (13) Quantity 
and value of soybeans, soybean cake, and soybean oil 
imported into the United States, 1910 to 1920, inclusive. (14) 
Quantity of imports of soybeans in the world’s trade, 1920-

1919 inclusive. (15) Quantity of imports of soybean oil in the 
world’s trade, 1910-1919 inclusive. (16) Quantity of exports 
of soybean oil in the world’s trade, 1910-1919 inclusive. (17) 
Quantity of exports of soybeans in the world’s trade 1910-
1919 inclusive. (18) Acre yields of seed and hay of soybeans 
at different dates of planting at Arlington Farm, Virginia. 
(19) Yields of soybeans variously spaced.
 (20) Acre yields of soybean hay and seed when planted 
at different rates. (21) Germination of soybeans at different 
depths of planting at Arlington Farm, Virginia. (22) Infl uence 
of nodules on the composition of seed. Michigan Experiment 
Station. (23) Effect of various nitrogenous fertilizers on the 
yield of soybeans. Massachusetts Experiment Station. (24) 
Effects of different phosphatic fertilizers with and without 
lime. Rhode Island Experiment Station. (25) The infl uence of 
different potash salts on yields of soybeans. Massachusetts 
Experiment Station. (26) Effects of different kinds of lime 
on the yield of soybeans. Massachusetts Experiment Station. 
(27) Effect of fertilizers on soybeans. Delaware Experiment 
Station. (28) Composition of hay of Mammoth soybean at 
different stages of development. Arlington Farm, Virginia. 
(29) Comparison of the loss in moisture in 10-lb. samples 
of green forage of ten varieties of soybeans when air dried. 
Arlington Farm, Virginia.
 (30) Tons of soybean hay to the acre at different 
experiment stations in the United States. (31) Bushels of 
soybean seed to the acre at different experiment stations in 
the United States. (32) Relative yields of straw to seed in 
different varieties of soybeans. Ohio Experiment Station. 
(33) Viability of soybean seed. (34) Proportions of stems, 
leaves, and pods. (35) Nutritive constituents contained 
in each part of the soybean plant. After Lechartier. (36) 
Composition of the different parts of the soybean plant at 
different stages of growth, at Arlington Farm, Virginia. 
(37) Total weights of mineral materials in 1,000 kilos of 
dry forage. After Lechartier. (38) Mineral Materials in 
1,000 kilos of dry forage. After Joulie. (39) Percentages of 
nitrogen, phosphoric acid and potash contained in different 
parts of the soybean plant at different stages of growth, at 
Arlington Farm, Virginia.
 (40) Composition of soybean seed compared with that 
of other legumes. (41) Composition of common American 
varieties of soybeans. (42) Percentage composition of 
the different parts of soybean seed. After Lechartier. (43) 
Percentage composition and comparison of the amino 
acids of the protein of the soybean and of cow’s milk. (44) 
Percentage composition of the nitrogen-free extracts of the 
soybean. (45) Starch content of commercial varieties of 
soybeans in the United States. (46) Maximum, minimum, 
and average of the more important constants of soybean oil 
from 48 varieties, compared with those of other well-known 
oils. (47) Comparison of the more important constants 
of soybean oil by different observers. (48) Constants for 
soybean oil. (49) Composition of the ash of the soybean 
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seed. After Pellet.
 (50) Mineral content of the soybean seed compared with 
those of cowpea, navy bean, and peanut. (51) Oil content 
of soybeans gathered at various stages of maturity. (52) Oil 
content of soybeans as affected by partial defoliation. (53) 
Oil content of soybeans as affected by partial removal of 
very young seed pods. (54) Oil content of soybeans of large 
and small size seed from the same plant. (55) Oil content 
of soybeans planted at intervals of two weeks in 1911, at 
Arlington Farm, Virginia. (56) Varietal differences in the 
oil content of soybeans grown at Arlington Experiment 
Farm, Virginia, in 1907, 1908 and 1910. (57) Oil content of 
soybeans grown under different environmental conditions. 
(58) Oil and protein content of soybean varieties grown 
under different environmental conditions. (59) Fertilizing 
constituents of soybeans contained in crop and roots on one 
acre. Connecticut (Storrs) Experiment Station.
 (60) Yields of hay of different legumes and content of 
fertilizing ingredients. Michigan Experiment Station. (61) 
Fertilizing constituents of soybeans cut at different stages 
of growth. Arlington Farm, Virginia. (62) Data and results 
of soiling experiments with milch cows. Iowa Experiment 
Station. (63) Soybean soiling experiment with milch cows, 
Pennsylvania Experiment Station. (64) Analyses of soybean, 
soybean and corn, and corn silages. (65) Digestibilities of 
soybean and other silages. (66) Digestible nutrients in 100 
lb. of air-dry substance. (67) Digestible nutrients in 100 lb. 
of soybean straw and in other roughages. (68) Fertilizing 
constituents of soybean straw compared with those of wheat, 
oats, barley, and rye. (69) Number of seeds per bushel and 
weight in grams of 100 seeds of the most important varieties.
 (70) Results of planting a single variety of soybean 
at different dates. Vienna, Austria, 1877. (71) Results of 
planting different varieties of soybeans at different dates at 
Knoxville, Tennessee. (72) Life period of soybean varieties 
grown at the Arlington Experimental Farm, Virginia, for 
eight seasons. (73) Life periods of American varieties of 
soybeans grown at Sabour, India, 1911 (from Woodhouse 
and Taylor, 1913). (74) Life period of soybean varieties 
planted at intervals of two weeks in 1911 at the Arlington 
Experimental Farm, Virginia. (75) Behavior of fl ower color 
in natural hybrids. (76) Behavior of pubescence colors in 
natural hybrids. (77) Behavior of amount and colors of 
pubescence in an artifi cial hybrid. (78) Behavior of the color 
of pods in natural hybrids. (79) Behavior of seed colors in 
natural hybrids.
 (80) Soybean crosses in the study of seed color. (81) 
Behavior of cotyledons in natural hybrid selections. (82) 
Behavior of cotyledons in soybean crosses. (83) Variations 
in the cooking qualities of seed of different varieties of 
soybeans. (84) Consumption of vegetable oils by the soap 
industry in the United States. (85) Consumption of vegetable 
oils in the production of lard substitutes and oleomargarine 
in the United States (incl. coconut oil, cottonseed oil, peanut 

oil, soybean oil, and corn oil). (86) Composition of soybean 
cake, meal, and other important oil feeds. (87) Two 17-week 
comparisons of soybean meal with other supplements for 
fattening pigs. (88) Growth and nitrogen elimination of 
chicks fed varying amounts of meat scrap or soybean meal 
or both, in addition to a corn ration. (Indiana Experiment 
Station). (89) Comparison of the digestibility of soybean 
meal and other oil meals.
 (90) Digestion coeffi cients of soybean meal obtained 
with sheep. Massachusetts Experiment Station. (91) 
Fertilizing constituents of soybeans, soybean meal, and 
cottonseed meal. (92) Analyses and calories of soybeans 
compared with those of other legumes and foods. (93) 
Composition of soybean fl our in comparison with wheat 
fl our, corn meal, rye fl our, graham fl our, and whole wheat 
fl our. (94) Composition of the sprouts from the soybean and 
mung bean. (95) Composition of soybean milk compared 
with cow’s milk. (96) Yields of bean curd obtained from 
different varieties of soybeans. (97) Compositions of tofu 
and tofu products. (98) Nitrogenous substances in natto. (99) 
Composition of hamananatto. After Sawa.
 (100) Composition of yuba. (101) Composition of red 
and white miso. (102) Composition of shoyu or soy sauce. 
(103) Composition of soybeans of the same variety dried, 
soaked, and roasted.

698. Radoslavov, Al. 1923. Soiata (Glycine soja, iaponskii 
bob) [Soybean (Glycine soja, the Japanese bean)]. Priroda 
(Sofi a) (Nature) 23(6):100-02. Feb. [1 ref. Bul]
• Summary: “In Bulgaria soybeans have been planted in 
small quantities in Panagyurishte, Gorna, Oryakhovitsa, 
and other places. Dr. As. Zlatarov carried out successful 
experiments in the village of Sestrimo (40 km west of 
Pzardzhik). He got 360 kg of soybeans from 2½ kg of seeds 
sown on two decares of arable land. [Note: 1 decare, a metric 
unit of area = 0.1 hectare or 10 ares or 0.2471 acres]. In 
Bulgaria more of the yellow variety is grown; it is richer in 
oil and better for... (?dobra za ogoiavano). It seems that in 
our country soybeans will be cultivated as an oil-bearing 
and forage plant. Soybeans are also grown in mixed (hybrid) 
cultures, most often with corn (maize). It is planted when 
the corn stalks reach a height of 20 cm. One kg of soybeans 
is planted with 6 kg of corn; the more a fi eld is planted with 
soybeans, the more suitable it becomes for good soybean 
crops, because the roots are implanted with bacteria that 
enrich the soil with nitrogen.
 “Footnote: According to the editors, a large quantity of 
soybeans was produced last year, and now the seed is being 
sold by ‘Ganzin’ Agricultural Bureau in Nova Zagora. This is 
for the information of those wishing to do experiments with 
soybeans.”
 A photo shows a single soybean plant growing. An 
illustration (labeled) shows 3 soybean leaves, 4 pods, 3 
views of a seed, and soybean fl owers.
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 Note: The fi rst few pages give general information about 
soybeans; Bulgaria is not mentioned. The author does not say 
where his soybeans came from, but the title suggests Japan. 
Address: Bulgaria.

699. Sumner, H.R. 1923. Growing soybeans in eastern 
Kansas. Kansas Agricultural College, Extension Circular 
No. 39. 7 p. March.
• Summary: Contents: Introduction: Soybean grain. soybean 
forage. Soybeans for soil improvement. The seed bed and 
inoculation. Seeding: Time of seeding, rate and method 
of planting, depth of seeding. Cultivation and harvesting. 
Threshing and storing the seed. Varieties. For seed: A.K., 
Haberlandt, and Manchu. For general use: Morse and 
Midwest. For hay and forage: Virginia and Wilson.
 “Morse, Mikado, and Midwest yield best when grown 
on the more fertile soils of southern Missouri.”
 “The soybean is a promising crop for grain and forage in 
eastern Kansas, and should be given a thorough trial in that 
section.”
 “There is an active demand for soybean oil and 
its by-products. In 1921 more than $13,000,000 was 
expended for soybean oil imported into this country.” 
For the past six years, the Kansas Experiment Station has 
been conducting soybean variety trials, comparing many 
varieties. Photos show: (1) A plot of soybeans grown in 
rows. (2) Uninoculated roots of soybean plants; no nodules 
are clinging to these roots. (3) Inoculated roots of soybean 
plants; the “nodules on the roots contain nitrogen gathering 
bacteria.” Address: Extension Agronomist, Manhattan, 
Kansas.

700. Ostrander, Ward A. 1923. A legume crop for soils and 
stock: Soybeans produce high-protein feed; and increase the 
productivity of worn land. Breeder’s Gazette 83(14):463-64. 
April 5.
• Summary: Discusses the use of soybeans for feed, when to 
cut for hay, harvesting with a binder, use of the beans with 
corn for silage, and expected yields.
 All over the cornbelt during the last few years, red 
clover is failing more and more as the soil is slowly 
becoming more acid. It takes a lot of hard work to apply 
pulverized limestone to give fi rst aid to this “sleeping 
sickness.” Any farmer who raises live stock should consider 
a rather new crop, the soybean, which “is being called to 
bat as the pinch hitter to pull the clover slump out of its bad 
situation... The soybean is practically our only legume that 
has a high-protein feeding value in both grain and hay, and 
will grow on our more acid soils.”
 “When to cut for hay: The plants should be harrowed 
after they get to the third or fourth leaf; the weeder also 
works successfully. The rotary hoe, where it available, is 
excellent. When the pods are about half-formed and before 
any leaves drop off, they should be cut for hay.”

 “Soybean hay does not cure easily, as there is a good 
deal of it per acre; let it cure out rather than try to dry it up 
too rapidly. Many men jump to the conclusion that the hay is 
too coarse for good feed. Let them withhold their judgment; 
let the cow decide. After a cow has picked it over and left 
some stems, the residue is an excellent horse feed, and it will 
help to carry ewes through the winter.”
 “Where soybeans are to be grown for grain or seed, 
1 bushel of seed per acre, if the wheat drill be used, is 
suffi cient.”
 Harvesting with a binder: Whether the beans are planted 
one way or the other, the harrow and weeder should be 
used... The binder is used by many growers; it works well... 
It can be followed with the wheat drill, if time or weather 
presses... The mower, with a clover seed windrower, does 
well, and some men swear by the old self-rake reaper. Where 
soybeans are in rows the soybean harvester, which goes 
down the rows and harvests the beans in the fi eld, gives 
excellent results.
 “As a rule, the bean can be threshed practically as soon 
as cut, but if a machine is not available, it is well to stack 
or put the crop in a barn, and let it go through the sweat. 
Beans are threshed in the regular way, with the ordinary 
grain thresher, by removing most of the concaves, and using 
special pulleys which slow down the cylinder to about 350 
revolutions per minute, but keep the rest of the separator up 
to full speed, as for small grains. If the crop is in bundles it 
will feed much faster into the thresher.”
 Describes how to use soybeans as a soiling crop. 
“Soybeans are not intended to take the place of red clover, 
but to supplement it.” Remember that a home-grown protein 
feed is the cheapest.
 “It is always best to get in close touch with men in one’s 
community who have been growing soybeans, and learn their 
experience. Each summer the National Soybean Growers’ 
Association has a cornbelt meeting at which all interested 
farmers get together to talk over their problems. This year it 
will be held in Wisconsin.”
 The article concludes: “Give soybeans a chance to fi t 
in with your farming operations, and you will fi nd that they 
will return all you expect, and many times more. Grow some 
soybeans for your land’s sake, some for you live stock’s 
sake, and for your own sake. Eat a few!”
 Photos show: (1) “Cutting soybeans with a tractor-drawn 
binder, followed by a drill sowing wheat.” Horses are pulling 
the drill. (2) Nodules on the roots of a soybean plant. (3) A 
crop of soybean hay in cocks. (4) A man mixing inoculated 
soil with soybean seed for planting. Address: Secretary, 
National Soybean Growers’ Assoc. He from Lafayette, 
Indiana.

701. Fox, Kirk. 1923. Don’t overlook the soybeans. They 
furnish cheap protein and build soil fertility. Dairy Farmer 
21(9):18. May 1.
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• Summary: “There is no crop which can claim as rapid 
a climb to such general popularity in the United States as 
soybeans. Coming at a time when the diffi culty in getting a 
stand of clover or alfalfa was seriously reducing the acreage 
of legumes, it was eagerly accepted by farmers the country 
over.”
 “Why has this crop met with such favor and how is 
it able to compete with such old standbys as red clover, 
alfalfa and the other legumes? As sated earlier, the acreage 
of clovers was falling off because increasing acidity of the 
soil made it diffi cult to get a stand. When a clover seeding 
fails, the rotation is upset as well as feeding plans because it 
takes two years to get a clover crop. Soybeans, on the other 
hand, will grow better on acid soils than most clovers but 
are helped by applications of limestone. The also have the 
advantage in that they require one season only to mature a 
crop. Thus they fi t remarkably well into the rotation.”
 “Summing up the main reasons then why soybeans are 
so popular, it can be said that they furnish a cheap, home-
grown protein and at the same time are soil builders.” A 
photo shows variety test plots of Medium Green and Ito San 
varieties of soybeans growing at the Iowa experiment station.

702. Todd, G.R. 1923. Growing cow peas and soy beans. 
Rural New-Yorker 82(4747):846-47. June 16.
• Summary: Contents: Soy beans are preferred to cow 
peas for every purpose. Seeding methods. Soil inoculation. 
Cutting and curing (for hay). Cow-pea hay. Harvesting for 
seed. A photo shows a farmer with his soy bean plants in 
St. Lawrence County, New York. “This crop is great for 
dairymen–to feed along with corn silage. It is an annual crop, 
makes a fair growth on acid soil, and gives as strong a feed 
as clover or Alfalfa hay.” Address: New York.

703. Leonard, Lewis T. 1923. Nodule-production kinship 
between the soy bean and the cowpea. Soil Science 
15(6):277-83. June. [18 ref]
• Summary: The author concludes: “An interchangeability 
of the nodule-forming function between cultures of B. 
radicicola [Bey.] from soy bean Soja max and cowpea Vigna 
sinensis is indicated by work carried out under pure culture 
conditions.”
 Note: Until this report, the opinion prevailed that 
soybean nodule bacteria were markedly host specifi c. 
Complex evidence then began to accumulate showing that 
cross-infectiveness between soybean bacteria and cowpea 
plants, and vice versa, was the rule and not the exception. 
Address: USDA Bureau of Plant Industry.

704. J. of the Department of Agriculture, Union of South 
Africa. 1923. Inoculation of legumes. 7(1):14-15. July.
• Summary: During the 1921-22 season, the effect of 
inoculation on yield was tested on a small scale under pot 
culture conditions. Inoculation with “nitragin” was found to 

be effective on the soya bean variety Brownie. “All plants in 
the inoculated sections produced a liberal supply of nodules; 
these were absent in the uninoculated sections.” Soya beans 
were also successfully inoculated by the use of cultures from 
the “Agricultural University, Wisconsin.”
 “Soya beans have produced good yields of seed, and 
have produced good healthy plants comparatively free from 
disease. The following varieties provided the best yield of 
seed:–Brownies, Mammoth, Chinese White, and American 
White.”
 Also discusses: Cowpeas and the kudzu vine.
 Note: This is the earliest research seen (Aug. 2018) on 
inoculation of soybeans in Africa. Address: South Africa.

705. Johnston, Ralph E. 1923. Soybeans in South Dakota. 
South Dakota Agricultural College, Extension Leafl et No. 
27. 4 p. July. Reprinted as “Growing soybeans in South 
Dakota” in Dakota Farmer 44(6):291. March 15. 1924.
• Summary: Contents: Introduction. Uses of soybeans. 
Where to grow soybeans. How to plant soybeans. When to 
plant soybeans. Inoculation. Depth to plant. Preparation of 
seed bed. Care of crop. Threshing. Varieties of soybeans to 
plant in South Dakota (for various uses). The soybean seed 
to plant. Photos show: (1) Soybean plants. (2) A fi eld of 
soybeans for seed on a farm in Lincoln County, Nebraska. 
(3) Comparison of good–pure, plump, no cracked beans, and 
poor–mixed, shriveled, cracked beans. Address: Brookings.

706. Lloyd, Walter H. 1923. Let George do it and he did! 
Briggs made national soybean fi eld day a real success. Ohio 
Farmer 152(13):294. Sept. 29.
• Summary: A summary of talks given at the National 
Soybean Field Day at the University of Wisconsin (at 
Madison), and organized by George Briggs “that stem-
winding human dynamo who planned and carried out the 
program... George was born in Minnesota, graduated from 
the University of Minnesota, farmed in the Dakotas, then 
was a county agricultural agent in Wisconsin and now is the 
chief soybean enthusiast in the farm crops department of the 
college of agriculture of the University of Wisconsin. He has 
other interests for his associates in the college call him ‘Corn 
Tassel’ Briggs, while in soybean circles it, is ‘Soybean’ 
Briggs... We also heard it rumored that George baked the 
soybean bread served at the excellent soybean luncheon.”
 The “earnest disciple of soybeans from northwestern 
Ohio, E.F. Johnson,” explained which soybean varieties are 
best suited to various uses in Ohio: For seed production or 
oil–Manchu. For hogging down with corn: Northern half 
of Ohio–Manchu, Ito San. Southern half of Ohio–Manchu, 
Elton. For ensilage: Peking, Midwest, Medium Green, and 
Johnson Four. For hay: Early–Black Eyebrow. Medium–
Special Hay Mixture, Medium Green.
 The fi eld program included visits to many demonstration 
plots, covering most phases of soybean production, including 
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depths of planting, rates of seeding, curing soybean hay, etc.
 “Farmer’s best emergency crop: Then George pulled his 
biggest lesson of all which was a simple demonstration of 
the fact that soybeans are the best emergency crop a farmer 
can grow. If one runs out of hay he can cut part of the beans 
he had planned to harvest for seed or he can disk his wheat 
ground and get a ton and a half of good hay to the acre 
following wheat.”
 Other speakers included William Wright (bacteriologist, 
inoculation), R.A. Moore (What soybeans mean to 
Wisconsin), C.R. McGee [Megee] (Michigan), F.B. Morrison 
(author of the indispensable book Feeds and Feeding), C.M. 
Vestal (swine feeding), F.W. Ives (threshing soybeans). 
Mr. E.F. Johnson of Ohio said that he planned to “hold the 
biggest soybean fi eld day in the history of the country at 
his farm in Williams County next September (1924) and he 
invited the national association to hold its meeting at the 
same time.”
 Note: In 1924 the fi fth annual soybean fi eld day was 
not held at the farm of Mr. E.F. Johnson in Ohio. Rather, it 
was held in Ames, Iowa, at the Iowa Agricultural College 
and Experiment Station on 29-30 Aug. 1924. Mr. Johnson 
did not speak at this event; we do not know whether he 
was in attendance. Moreover, in Jan. 1999 Rod Miller, a 
Johnson family genealogist in Stryker, searched every issue 
of the local newspaper (the Bryan Democrat) for August, 
September, and October 1924 looking for an article about a 
soybean meeting at E.F. Johnson’s farm; he found nothing. 
Address: Ohio.

707. Thomasson, R.R. 1923. Soybeans to the rescue: In 
Missouri the crop has found a soft spot in the heart of the 
farmer with a rundown farm. Dairy Farmer 21(19):16-17, 
29. Oct. 1.
• Summary: The article begins: “There are two types of 
farmers: One who says ‘Give me the season, plenty of rain, 
and keep the chinch bugs away and I still can grow enough 
crops on the old fi elds to feel my stock;’ and the other who 
says, ‘Give me soybeans I will defy drouths and insect pests.’ 
Any man can have his soybeans, but it is a long, long wait 
for the other fellow until all seasonal conditions are right. 
The sheriff will pass the farms of a lot of soybean growers 
on his way to foreclose a mortgage on the man who waits for 
the Lord to bless him with rain at the proper times thruout 
the season.”
 In Pulaski County, says County Agent C.C. Keller, 
there are thousands of acres of poor upland soil. “A legume 
in the rotation and more roughage to make more manure 
has been badly needed. And still the farmers knew so little 
about growing soybeans two years ago that I had diffi culty 
persuading fi ve or six to plant small demonstration plots. 
Those demonstrations resulted in fi fty men growing 300 
acres this year, and with hardly an exception they were 
satisfi ed when they cut the hay. They were more than 

satisfi ed when they began feeding that hay to their dairy 
cows.”
 The Virginia variety is best adapted to thin soils, with 
Wilson as a second choice. The Virginia and Wilson were 
the only two that could be harvested with a binder or mower. 
Morse is a favorite on the more fertile farms of the state. 
So is Haberlandt, but it has not been grown as extensively. 
“The greatest objection to the crop that the farmer is fi nding 
is probably the diffi culty in obtaining seed. Machinery is 
not available in most communities for threshing the beans.” 
However counties such as Linn and Pettis are developing 
the seed end of the crop. “Linn county produced a surplus 
of 4,000 bushels this year. It was a pioneer soybean county. 
Two men, E.A. Loomis and W.P. Brinkley, have grown 
soybeans since 1903. For several years they were the only 
men in the county to devote any attention to the crop. There 
are now more than 1,200 men fi nding a place in their rotation 
for the soybean, according to County Agent J. Robert Hall. 
The majority of these men use them for hay and as a soil 
builder. The Linn county soybean growers association was 
organized in 1920 to facilitate selling the surplus seed.”
 The article concludes: “The crop offers itself as a last 
chance for the man on the road to a completely worn-out 
soil who has passed the turn in the road where he might have 
taken on clover in his crop rotation.”
 Photos show: (1) Three men standing in a fi eld of 
soybeans and cowpeas on the farm of D.N. Dabbs in 
McDonald County, Missouri. (2) Hulling soybeans in front 
of a barn on the farm of Finis Fouts, Deer Creek, Indiana, 
and transporting the hay up to the loft.

708. Hackleman, J.C. 1923. The future of the soybean as 
a forage crop. Paper presented at the American Society 
of Agronomy meeting. 9 p. Held 12-13 Nov. at Chicago, 
Illinois.
• Summary: Contents: Overview of legumes in the USA. 
Effect of World War I was to decrease legume acreage in 
USA, increase grain production, and deplete soils. New 
conditions after 1918: Phenomenal rise of soybean acreage 
in Illinois, due to at least four factors. Soybeans grow 
well on sour soils where clovers fail, yet also respond to 
limestone applications. Overemphasis on the soybean as a 
soil-builder: Importance of inoculation. Place in the rotation: 
Before wheat. Soybean hay one of best leguminous forages 
when cut and handled properly. Decreasing costs of soybean 
production. Great value of soybeans in livestock feeding: An 
inexpensive, home-grown, nitrogen-rich feed. Increase in the 
number of soybean oil mills since 1921. Conclusions.
 “Red clover is the most important legume, in point of 
seeded acreage, that we have in the United States. It makes 
excellent pasture, is good for hay, and, under favorable 
conditions, is a highly valuable green manuring crop” (p. 
1). The corn belt states have slightly more than 9.1 acres out 
of every 100 acres of improved land in legumes; this is too 
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small a portion.
 After World War I, corn belt farmers were looking to 
legumes to rebuild their depleted soils, including acidic soils. 
They listened to the recommendations of state agricultural 
colleges and the USDA. The were “ready and willing to 
adopt the soybean.” A table (p. 3) shows acreage in Illinois 
of fi ve legume crops in 1909, 1919, and 1923. The crops are 
clover alone, clover with timothy, alfalfa, soybeans alone, 
and soybeans with other crops. Soybeans alone were 300 
acres in 1909, 3,288 acres in 1919, and 218,000 acres in 
1923. Soybeans with other crops were unknown in 1909, 
36,000 acres in 1919, and 674,000 acres in 1923.
 “The increase in acreage devoted to the soybean each 
year since 1918 is nothing short of phenomenal. In fact, this 
is probably the greatest change in an agricultural practice in 
the history of corn belt agriculture. This remarkable increase 
is traceable to at least four factors. First, the campaign which 
had been conducted in all states to increase the legume 
acreage was beginning to bear fruits, and the farmer was 
looking for a legume; second, the oat crop seemed to offer 
less returns each successive season and became less popular 
throughout the corn belt, and the farmers began to search for 
a substitute for this crop; third, because of this phenomenal 
increase in acreage, seed production could not keep pace 
with the demand, and therefore prices were maintained 
at a comparatively high fi gure, making seed production 
attractive; and fourth, the comparatively few farmers who 
had been producing and using soybeans on their farms were 
fi nding them excellent feed and all reports of feeding trials at 
experiment stations had shown the crop to have great merit 
as a home-grown feed.”
 A table (p. 5) shows the amount of limestone required to 
grow hay or fodder from nine leguminous crops. The amount 
of limestone required to grow on ton of ranges from 20 lb for 
timothy hay or oat hay to 90 lb for soybean hay or cowpea 
hay. Corn fodder gives the highest average yield (9 tons), 
followed by alfalfa hay (4 tons), and red clover hay; soybean 
hay gives a relatively low yield (2 tons). The amount of 
limestone required to grow one acre of crop ranges from 340 
lb for alfalfa and 270 lb for corn fodder (60 bushel crop) 
down to 30 lb for oat hay; soybean hay requires 180 lb.
 “Summarizing, therefore, it would seem conservative 
to draw the following conclusions: First, that the acreage 
of soybeans will and should increase; second, the most 
profi table outlet for the production will be as a seed crop 
and as a home-grown nitrogenous feed, substituting for the 
high-priced commercial concentrate; third, limestone must 
be recognized as essential to the most successful permanent 
production of soybeans; fourth, after sweetening the soil 
more effi cient methods of inoculation must be found; and, 
fi fth, legumes must be classifi ed more nearly on the basis 
of their special or particular values. Alfalfa is pre-eminently 
a hay plant; sweet clover the best for green manure and 
pasture; red clover for dual-purpose hay and pasture legume–

and soybeans the best annual nitrogenous seed and hay 
producing plant.”
 Note: Talk with David Crowell, American Society of 
Agronomy, Madison, Wisconsin. 2000. Sept. 5. This meeting 
was held on 12-13 Nov. 1923 in Chicago.
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–Correspondence with State Agric. Exp. 
Stations, 1899-1928. Box 11–Illinois. Folder #7–Illinois Exp. 
Station.
 Sent to Soyfoods Center by Jacob Jones of Purdue 
Univ., Aug. 1998. Address: Crops Extension, Agric. Exp. 
Station, Urbana, Illinois.

709. Mark, P Lewis. 1923. Sensible talk about soy beans. 
Rural New-Yorker 82(4773):1514. Dec. 15.
• Summary: The author fi rst grew soy beans as a separate 
crop in 1917; he used them as a soil builder. He also 
discusses the returns in wheat where soy beans have been 
grown, the uses of soy beans for seed, hay and forage, their 
limitations as pasture, yield of seed, and comparison with 
other crops. A table shows the protein and oil content of 
the following soy bean varieties: Black Eyebrow, Manchu, 
Mongol, Ito San, and Hamilton. Address: Franklin County, 
New York.

710. Ridgway, Frank. 1923. Farm and garden: Expert takes 
mystery out of legume inoculation. Chicago Daily Tribune. 
Dec. 31. p. 8.
• Summary: There is still much confusion about the 
inoculation of fi eld and truck crops among gardeners and 
farmers. “Legume crops, such as fi eld and garden beans, soy 
beans, clovers, alfalfa, and cow peas are the crops that need 
to be inoculated.” Non-leguminous crops do not.
 C.J. Willard, a crop expert at the Ohio State University, 
says careful investigation shows that “the common legumes 
grown in Ohio are hosts to six different strains of bacteria, 
listed in the following groups: (1) Clovers–red, mammoth, 
alsike, white and crimson; (2) Alfalfa, all sweet clovers, 
and yellow trefoil; (3) Cowpeas, Japan clover, peanuts, and 
several wild legumes; (4) Garden and fi eld peas, all vetches, 
and sweet peas; (5) Soybeans; and (6) Garden and fi eld 
beans.” Note that no other crop can use the same bacteria as 
soybeans.

711. Duley, F.L.; Miller, M.F. 1923. Erosion and surface 
runoff under different soil conditions. Missouri Agricultural 
Experiment Station, Research Bulletin No. 63. 50 p. Dec. [17 
ref]
• Summary: “If soybeans are to be a real soil building crop 
from the standpoint of nitrogen maintenance, they must not 
only replace, by means of their nitrogen-gathering power, 
the nitrogen removed from the land by the crop, but also 
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the nitrogen lost in the eroded soil. During the last 2 years 
this loss of soil has been measured in connection with a soil 
erosion project at the Missouri experiment station. The work 
is being continued and this paper is presented as a progress 
report.” Address: Assoc. Prof. of Soils, Univ. of Missouri, 
Columbia.

712. Bottari, Fulvio. 1923. La soja nella storia, 
nell’agricoltura e nelle applicazioni alimentari ed industriali 
[The soybean in history, in agriculture, and in food and 
industrial applications (Photos and tables–Document part)]. 
Torino & Genova, Italy: S. Lattes & Co. 243 p. Preface by 
Prof. Oreste Mattriolo (R. Università di Torino). With 34 
illust. 22 cm. [25 ref. Ita]
• Summary: Photos show: (0) An infant fed soymilk in Turin 
in 1921, together with a table showing its weight gain from 
18 July 1921 until 14 Jan. 1922 (p. 7). (Figs. 1-3) Three 
different varieties of soybean plants (p. 70-71). (4) The 
leaves of 3 different varieties of soybean plants (p. 72). (5) 
Close-up of the stem and pods of a soybean plant (p. 73). (6) 
Beans and pods of soybeans (p. 74).
 (7-8) Different stages of germinating soybean seeds (p. 
75). (9) Close-up of soybean roots and nodules (p. 76).
 (10-12) Fields of soybeans at the “Istituto Bonafous” (p. 
106, 108, 113). (13-14) Field of soybeans grown with corn 
(p. 122, 123). (15-18) Cellular transverse section through a 
soybean (facing p. 152).
 (20-21) Soy fl our and wheat fl our, each in a sack and 
loose (p. 177). (22) Pasta made from soy (p. 181). (23-
28) Bread and baguettes / breadsticks made with various 
percentages of soy (Pane di soja) (p. 183-89).
 (29-30) Soy bran and wheat bran, each in a sack and 
loose (p. 191). (31) Two bottles of soymilk (p. 194). (32) 
Two bottles of soy oil (p. 214).
 Tables show: (1) Imports and exports of soybean seeds 
from 1910 to 1919 by various countries, Imports into Europe 
(Denmark, France, Great Britain and Ireland, Norway, the 
Low Countries {Netherlands, Belgium, Luxembourg}, 
Sweden), into Asia (Netherlands Indies {today’s Indonesia}, 
Java & Madura, External Possessions, Japan, Formosa). 
Exports from Europe (France, Great Britain and Ireland, the 
Low Countries), from Asia (China, Japan, Formosa) (p. 3).
 (2) Imports and exports of soybean oil from 1910 to 
1919 by various countries, Imports into Europe (Denmark, 
Germany, Denmark, France, Great Britain and Ireland, 
the Low Countries {Netherlands, Belgium, Luxembourg}, 
Russia {both European and Asiatic} Sweden), into North 
America (Canada, United States), into Asia (Netherlands 
Indies {today’s Indonesia}, Java & Madura, Japan, 
Formosa), into Africa (Egypt). Exports from Europe 
(Denmark, France, Great Britain and Ireland {re-export}, 
the Low Countries, Sweden), from North America (United 
states, re-export), from Asia (China, Japan) (p. 4).
 (3) The weight gained by a baby fed soymilk at the 

dispensary of Lattanti at Torino. The trial ran from 18 July 
1921 to 14 Jan. 1922. The baby’s weight increased from 
3,000 gm to 6,140 gm (p. 7).
 (4) Production of soybeans in China in 1916 and 1917 
by color. And production of soybean cakes and soy oil in 
China in 1916 and 1917 (p. 21).
 (5) Exports of soybeans and soybean cakes from 
Manchuria yearly from 1905 to 1908 (data from Rouest) (p. 
23).
 (6) Area and production of oilseed plants (cotton, 
linseed, colza/canola, peanut, and soya) in Japan from 1877 
to 1920. Soy is by far the greatest, and both the area and 
production of soybeans increase during this time (p. 26).
 (7) Production of the principal vegetable oils (colza/
canola, sesame, cotton, linseed, soya, peanut, coconut) in 
Japan from 1886 to 1918.
 (8) Area and production of major oilseeds (cotton, soja) 
in Korea from 1909 to 1917 (p. 31). Soybean hectarage 
increased from 277,776 ha to a record 487,134 ha. Soybean 
production grew from 1,991,126 quintals (1 quintal = 100 kg 
or 0.1 metric tons) to a record 3,816,498 quintals.
 (9) Imports of soybean oil to England from 1910 to 1919 
(p. 38). (10) Imports of soybean oil to Denmark from 1910 
to 1919 (p. 46). (11) Imports of oilseeds (copra, soya, peanut, 
sesame, linseed, colza / canola & mustard seed) to Denmark 
in 1917 (p. 46).
 (12) Exports of soybean oil from Denmark from 1910 
to 1919 (p. 47). (13) Imports of soybean oil to the Low 
Countries from 1911 to 1919 (p. 47). (14) Imports of soybean 
oil to Russia from 1909 to 1915 (p. 48). (15) Imports of 
soybean oil and cottonseed oil to Sweden from 1912 to 1919 
(p. 48). (16) Imports of soybean oil to Alsace Lorraine from 
1913 to 1919 (p. 49). (17) Area of oilseeds and production 
of oil in Italy from 1909-1920 (p. 50). The area was about 
constant and the production of oil increased. (18) Median 
annual production of oil in Italy from 1870-1874 to 1920 
(p. 50). Production decreased. (19) Trial comparing the 
nutritional value of cow’s milk and vegetal milk (soymilk). 
The name of each of the 8 calves is given (p. 56-57). (20) 
Area and production of soybeans in the United States from 
1909, and 1917-1919.
 (21) Imports of various vegetable oils (olive, palm, 
coconut, soya) to the United States from 1910 to 1919 (p. 
63).
 (22) Cultivation of soybeans in Spain as described by 
Coll. D. Santiago Felice Valderrama of Montilla. The fi ve 
columns are: (a) Classifi cation, from 0 to 10. (b) Provenance 
/ Source (China). (c) Seed color. (d) Development (large, 
medium, small). (e) Maturity date (Late, semi-late, early, 
etc.) (p. 85).
 (23) Fertilizer tests with Soja hispida, The fi ve columns 
are: (a) Parcel number, 1-9. (b) Fertilizers used and dosage. 
(c) Stems, kg per 50 square meters. (d) Production of pods, 
kg per 50 square meters. (e) Grain, kg per 50 square meters 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   354

© Copyright Soyinfo Center 2018

(p. 95).
 (24) Chemical composition of soybeans grown in 
Vienna, yellow from Mongolia, Yellow from China, reddish 
brown from China. Composition is given for both the 
original seed and for its progeny (p. 98).
 (25) Weight of soybean stems, pods, and seeds of 
soybeans grown by Prof. Manvilli of the Bonafous Institute 
(p. 98).
 (26-28) Effect of planting distance and pattern on the 
weight of soybean stems, pods, and seeds (p. 102, 105).
 (29) Effect of place of origin and variety on the time to 
germination, time of fl owering and formation of the pods. 
The soybeans came from Tunisia, China, Ceylon, New 
South Wales, Podolia [in today’s Ukraine], and Lithuania, 
France, Northwestern Italy (Piemonte, [Piedmont]), United 
States, Indochina [Cambodia, Laos, Vietnam, Burma, Siam, 
Peninsular Malaysia, Singapore], and India (p. 109).
 (30-31) The effect of applying electrical voltage to 
soybean plants on the yield of stems, pods, and seed (p. 110-
111).
 (32) Ito San Soybean production per ha in Connecticut 
from 1877 to 1918 (p. 120).
 (33) The yield of protein and oil from common beans, 
peas and soybeans (p. 121).
 (34) The yield of various minerals from the stem, leaves, 
pods, seeds and entire plant (p. 121).
 (35) Chemical analysis of the soybean plant, on both an 
“as is” and a dry basis, in the stem, foliage, pods, and entire 
plant (p. 141).
 (36) Composition of the soybean–various parts from 
various places. entire plant, forage after the plant blooms and 
sets pods, hay from Japan, hay from Massachusetts, straw 
from Massachusetts (p. 142).
 (37) Nutritive elements in hay from different types of 
plants, both green and dry, for crude substance and digestible 
portion (p. 143).
 (38) Distribution of the various nutritive components 
in the various parts of the soybean seed. The parts are entire 
seed, cotyledons, embryo, seedcoat (scorza) (p. 145).
 (39) Complex analysis of the seed of the soybean (in 
parts per 100) (p. 146).
 (40) Analysis of the seed of various colors of soybean by 
various researchers, incl. Dr. Emil Pott, Meissl & Böcker, & 
Pellet.
 (41) Nutritional composition, both crude substance and 
digestible portion, of various protein sources: beef, common 
beans, lentils, peas, broad/fava beans, soybeans (p. 149).
 (42) Protein content of various basic protein sources, 
incl. meat, peas, broad beans and soya (p. 155). (43) Bar 
graph. The soybean as a source of nutrients, compared with 
other legumes, wheat fl our, soy fl our, wheat pasta, soy pasta, 
75% wheat + 25% soy pasta, wheat bread, soy bread, 75% 
wheat + 25% soy bread, cow’s milk, soymilk, mother’s milk 
(p. 159).

 (44) Chemical composition of soybean hay according to 
Oscar Kellner 1885, p. 82 (p. 162).
 (45)
 (45) Chemical composition of soybean hay according to 
Emil Pott 1907 (Vol. 2, p. 3) (p. 163).
 (46) Composition of soybean straw, according to Emil 
Pott (p. 165).
 (47) Chemical composition of soybean pods according 
to Emil Pott (p. 165).
 (48) Nutritional composition of soy coffee from Tyrol 
and Dalmatia (p. 171).
 (49) Nutritional composition of soy jams (confetture di 
soja).
 (50) Nutritional composition of soy fl our compared with 
the fl our of various cereals (p. 176).
 (51) Nutritional composition of various types of soy 
pasta: 100% soy, 25% soy, pasta from Naples (p. 182).
 (52) Nutritional composition of soy bread, four analyses, 
compared with two analyses of wheat bread (p. 185).
 (53) Nutritional composition of soymilk made from 
whole soybeans or soy fl our (p. 195).
 (54-55) Nutritional composition of soymilk, 7 analyses, 
compared with mother’s milk, cow’s milk and goat’s milk (p. 
200-201).
 (56) Nutritional composition of okara (the residue from 
making soymilk), various analyses (p. 207).
 (57-58) Nutritional composition of soybean oil vs. 
cottonseed oil, and according to fi ve different analysts (p. 
213).
 (59) Nutritional composition of soybean cake according 
to fi ve different analysts (p. 215).
 (60) A diagram compares the chemical composition of 
animal casein and vegetable casein (p. 227).
 (61) A table compares the chemical composition of 
animal casein and vegetable casein (p. 228). Address: Dr. of 
Economic and Commercial Science, Turin [Torino], Italy.

713. Bottari, Fulvio. 1923. Spagna [History of the soybean 
in Italy (Document part)]. In: Fulvio Bottari. 1923. La Soja 
nella Storia, nell’Agricoltura e nelle Applicazioni Alimentari 
ed Industriali [The Soybean in History, in Agriculture, and in 
Food and Industrial Applications]. Torino & Genova, Italy: 
S. Lattes & Co. 243 p. See p. 50-58. [25 ref. Ita]
• Summary: While every hope of ours for the economic 
recovery of the Nation is directed at agriculture, it seems that 
every element is adverse to it, and it is a painful thing to have 
to read in the statistics how the production curves do not 
rise as would be in our wishes, and that on the contrary, for 
many products that constitute our main riches and for which 
our lands are called “the gardens of the world”, there is an 
alarming contraction or at the very least a stagnation that is 
not comforting.
 For the cultivation of oil, as well, there is an appreciable 
decrease which should not be there, given the abundant profi t 
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margin that is offered by the growing demand: [1]
 Table 17: Area of oilseeds and production of oil in Italy 
from 1909-1920 (p. 50). The area was about constant and the 
production of oil increased.
 The observation is all the more grave if the attention is 
extended to previous decades: [2]
 Table 18: Average annual production of oil in Italy from 
1870-1874 to 1920 (p. 50). The rows are the volume in units 
of 100 kg. Production decreased.
 Page 51: In order to make up for this defi ciency, it had 
been thought to increase the national production of oil seeds, 
among which in particular are those of sesame, peanuts, rape. 
and to introduce oils from abroad. Among these are that of 
soy, raw or badly refi ned, which was launched on the market 
in abundance for direct consumption, without refi ning it 
further, during the wartime period. But its not very pleasant 
fl avor disgusted the consumers, and for quite a stretch it was 
not spoken of again.
 In 1921, it began to be introduced once again, although 
refi ning it in our oil mills before putting it on the market. 
The good results that were obtained encouraged the Italian 
Oil Mills (Oleifi ci Italiani–the state oil-refi ning monopoly) 
as well as the Sairo (the Italian Oil Refi ning Joint-Stock 
company–Società Anonima Italiana Raffi nazione Olii) 
and other oil mills to carry out great development in its 
production.
 Hundreds of thousands of kilos of outstanding soybean 
oil, sold under the name of “refi ned seed oil”, were already 
put on the market in the fi rst half of 1922 by the national oil 
mills of Genoa.
 The producers affi rm that its production costs are less 
than that of sesame or peanut, and the consumers fi nd it to be 
more agreeable than either of those two, and thus the point 
has been arrived at that manufacturers fear the competition 
with it in the face of national production and make their 
voices of protest and detracting heard.
 Going back into history, it was found out that in 
1848, some missionaries brought soybeans and a little soil 
from Japan, and that there was a wait of a few years until 
cultivation. Then, nothing more was said of it.
 In 1880, the Ministry of Agriculture recommended the 
cultivation of the aforementioned plant in order to get good 
fodders from it, as was occurring in America, but the voice 
remained unheeded.
 In contrast, our bibliography on the subject is rich, 
upon which gifted professors of agriculture have occupied 
themselves with rare competence and diligence.
 Little has been done in the experimental fi elds: however, 
the following two are worthy of being recalled, which were 
carried out at the same time in the two extremes of Italy: in 
Sicily and in Piemonte [Piedmont, in far northwest Italy].
 With regard to the fi rst of the aforementioned 
experiments, we report the following excerpt from the 
Colonial Bulletin (Bollettino Coloniale) from Palermo 

1919 (Mattei): “In 1918, an agronomic trial of soybeans 
was carried out in the Camp Gardens (Giardino Coloniale) 
of Palermo on a plot of 300 square meters. A variety was 
selected with nearly spherical seeds, with a greenish-yellow 
color, which could be relied upon because it had already 
been tested with success in small plots in preceding years. 
The seeds were planted on March 29 at a distance of 30 to 
40 cm. and they germinated on the tenth day. During the 
vegetation, two hoeings were carried out and eight irrigations 
were performed from May to August. The fl owering began 
during the fi rst days of July, and the harvest of the seeds took 
place on November 15. The entire vegetation period was 
thus seven and a half months. On average, the plants attained 
a height of 90 cm, their vegetation was luxuriant, and on 
the roots there was a normal development of the tubercles 
that are the characteristic inducers of nitrogen. From 350 
square meters, 51 kg. of clean seeds were harvested, which 
corresponds to approximately 1,500 kilos per hectare. The 
harvest was considered to be extremely satisfactory, all the 
more so because it would be possible to increase it with the 
assistance of fertilizers. The seeds, which were cooked in 
various ways, were found to have a pleasant fl avor.”
 Page 52:
 It is certain that the reader will remain amazed at the 
extraordinary duration of the vegetation cycle and also by 
the limited yield which is certainly not elevated, given that 
it consists of a cultivation in a small space in a garden plot 
which was diligently cared for.
 But we can assure him, because the prolongation of the 
vegetation in a manner that is truly abnormal is due to the 
eight irrigations that were truly an exaggeration with regard 
to the needs of that plant, all the more so since they were 
carried out when the vegetation was already ensured, which 
slowed down the fl owering and extended its corresponding 
period. The more luxuriant vegetation was in fact due to this 
excess of moisture, which was also the cause of the greater 
development of cellular organs and the woody and foliaceous 
parts of the plant. Also contributing to the same unfavorable 
results among the two points indicated would have been the 
conditions of excessive fertility of the soil, upon which we 
cannot, however, give our opinion because it is not known to 
us.
 We have not managed to obtain news of the other 
tests that were carried out in the aforementioned botanical 
garden from 1919 onward nor of other tests or experiments 
performed on the Peninsula.
 With regard to the tests that were carried out in 
Piemonte [Piedmont], it is to be recalled that the soybean 
is cultivated as a variety of plant to maintain among the 
harvests for didactic purposes and those of erudition, both 
in the Botanical Garden of Turin (Orto Botanico di Torino), 
a part of the Academy of Agriculture (the Accademia di 
Agricoltura), presided over by the professor, Commander 
Oreste Mattirolo, and in the various gardens that are a part of 
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the Salesian School Camps (Colonie delle Scuole Salesiane), 
directed by the professor Don. Pietro Ricaldone, general 
director of the schools, professor of agriculture of the Pious 
Salesian Society (Pia Società Saliesiana), who was a former 
missionary in the Far East. (Continued). Address: Dr. of 
Economic and Commercial Science, Turin [Torino], Italy.

714. Funk Bros. Seed Co. 1923. Catalog. Bloomington, 
Illinois: Funk Bros.
• Summary: The section on soy beans has now expanded to 
2 pages. The fi rst page (p. 2), titled “Soy Beans,” describes 
the merits of the crop. The second page, titled “Essentials of 
Success with Soys” offering information on cultivation and 
varieties. Funk Bros. now features the following varieties: 
Midwest (the new name given to Mongol, Medium Yellow, 
Hollybrook, and others), Ito San (also called Medium Early 
Yellow), A.K., Manchu. They also sell Ebony, Ohios [Ohio 
varieties], Virginia, Sables [Sable], and Early Browns.
 Photos show: (1) Soy bean roots with nodules. “Good 
inoculation–Worth $8.00 an acre to enrich your soil.” (2) 
Soy beans growing in rows. (3) Soy bean hay curing in the 
cock. (4) Field of soy beans at the proper stage to cut for hay. 
Address: Bloomington, Illinois.

715. Fouts Brothers. 1923? Soyland Seeds: Soybeans our 
specialty (Mail order catalog). Camden, Indiana. 24 p. 
Undated. 23 cm.
• Summary: This is a seed catalog combined with a manual 
on soybean cultivation, utilization, and promotion. Internal 
evidence suggests that it was probably published in 1923. 
On the cover, a photo shows a soybean plant in a vertical 
rectangle. Above it is written “Soyland Seeds” (in large 
letters). Below the photo are 3 lines of text: (1) “Soybeans 
our Specialty” (medium size letters). (2) “Fouts Brothers” 
(large letters). (3) “Camden, Indiana” (medium size letters).
 Contents: Location of Soyland farms. References. 
Thoughts (about life and success). Introduction. Soybean 
facts (“The soybean has long reigned as a miracle crop in 
Eastern Asia countries...”): Soybeans–became our specialty 
(“We started with soys in 1903, in a small way, by testing 
out several varieties.”), Midwest soybeans (This variety 
was previously known as Indiana Hollybrook, Mongol, and 
Medium Early Yellow. The shattering of the 1922 crop of 
Midwests was very unusual, and must have been due to the 
great heat of August), Ito-Sans, Manchu soybean. Growing 
soybeans: Planting, cultivating soybeans, corn and bean 
combination, planting corn and beans. Utilizing the soybean 
crop: As a green manuring crop, for hay, pasturing soybeans. 
Seed production: Introduction (harvesting), threshing, corn 
and bean silage, putting corn and beans on the hoof, those 
beans in the corn, converting corn and beans into mutton, 
soybeans–soil builders, soil inoculation, Soyland inoculation. 
Certifi ed seed (certifi ed by the Indiana Corn Growers’ 
Assoc.–99.5% purity): Seasonal mottling of soybeans, 

uncertifi ed seed beans. Other Soyland seeds: Michikoff 
seed wheat, Victory oats, Calico seed corn, clover seeds. 
Remember. Our guarantee. About ordering: Prices subject to 
change, kindly use order blank. Soyland Seeds bag tag.
 Photos show:
 (1) A collage of three–Noah, Finis and Taylor Fouts. 
A line of farmers standing in front of Soyland barn on 
Soybean Day–3 Sept. 1920. Two people standing in a fi eld of 
soybeans with a barn and farmhouses in the background.
 (2) One person standing in a huge fi eld of soybeans.
 (3) Corn and soybeans growing in the same fi eld.
 (4) Piles of soybean hay in a fi eld at Soyland.
 (5) Pigs “hogging down” corn and soybeans.
 (6) Sheep feeding in a fi eld of corn and soybeans. Four 
uprooted soybean plants, showing the bare root nodules.

 (7) Two farmers driving two teams of three horses each 
at Soyland. The fi rst is harvesting soybeans, the second is 
drilling wheat.
 (8) Two teams of horses in a soybean fi eld. 
 (9) A canoe and ducks on a pond at Noah’s house.
 (10) A man examining soybeans in a large fi eld. 
 (11) The home of Finis E. Fouts.
 (12) The home and farm of Noah Fouts. 
 (13) The home and yard of Taylor Fouts, partly obscured 
by large trees to the left and right.
 (14) On the back cover is an outline map of the state of 
Indiana, with a star showing the location of Soyland, at 41º 
north latitude. The text at the top of the page reads: “Soyland 
Seeds are the kind you need in your practical farm rotation. 
Corn–soybeans–wheat–clovers.” Inside the outline map (in 
a circular logo) we read: “Soyland. Fouts Bros. Camden, 
Ind. Certifi ed Farm Seed.” Below that: “Soyland seeds are 
selected right, grown right, cleaned right, priced right, by 
Fouts Bros.” And below the map: “The logical location for 
the production of vigorous northern grown seeds.”
 Location: Soyland is in the northern portion of Indiana, 
about 73 miles from the Indiana-Michigan state line, at 
40.7º north latitude. “Our farms are near the village of 
Deer Creek, in eastern Carroll County, ten miles south of 
Logansport, on the Michigan pike, and eight miles east of 
Camden. Camden, Indiana, is our regular shipping point. 
Being on the Pennsylvania railroad, we get prompt service 
daily... Long distance Bell Telephone connections at Camden 
Indiana. Telegraph service at Camden, but local telephones 
on Deer Creek Co-Operative Telephone Company. Visitors 
are welcome to inspect our farms and crops at any time, 
except Sundays. We will appreciate your acquaintance and 
try to make your visit pleasant and helpful. We always try to 
keep in close touch with scientifi c facts as brought out by the 
Experiment Stations of the Corn Belt. It is our aim to apply 
these instructions to our farm operations.”
 “Seasonal mottling of soybeans: Heretofore the 
mottling of yellow soybeans was thought to be evidence 
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of a cross or hybridization with some darker variety, hence 
the impurity. The general mottling of the [variety] Midwest 
in 1922 was the subject of much discussion, and collection 
of experience. There seems to be conclusive evidence that 
it is not an impurity–for with our purest developed strains, 
some sections of a fi eld have shown mottling–whether it is a 
weather, or a soil or a moisture factor during some growing 
stage of the crop, or some genetic reversion, we cannot 
explain. This is a subject for careful experimental work by 
the experts.”
 “Introduction: We are farmers, living upon, and 
managing our own farms.”
 Note 1. This is the earliest (and only) document seen 
(Sept. 2004) which states that Medium Early Yellow is 
a synonym for Midwest. It is also the earliest of many 
documents seen stating that Indiana Hollybrook is a 
synonym for Midwest.
 Note 2. This is the earliest document seen (July 2007) 
that uses the word “miracle” (or “miracles” or “miraculous”) 
or the term “miracle crop” in connection with soybeans. 
Address: Camden, Indiana.

716. Loew, Oscar. 1924. The soy bean, a superior crop. Porto 
Rico Agricultural Experiment Station, Agricultural Extension 
Notes No. 64. p. 1-2. Jan. 15.
• Summary: “The soy bean originated in Eastern Asia and 
has been introduced during the past 30 years into different 
countries of the world. It can be grown successfully even 
in a rather poor soil, in the absence of nitrogenous manure, 
provided the specifi c root-nodule bacteria are present. This 
plant is far superior to other leguminous crops, even those 
very rich in protein, as the lupin, which it equals in protein 
and highly surpasses in fat content. In fact, the soy bean is 
richer in fat than all other leguminous crops and is, therefore, 
sometimes called the oil bean. The soy bean does not contain 
alkaloids and bitter tasting matters like the lupin...”
 A table compares the nutritional composition of the 
pea, common bean, lupin, and soy bean. “From the analyses 
it would appear to be of great advantage for the people of 
Porto Rico to replace the common bean now serving as an 
essential part of the daily food, by the soy bean, it providing 
a higher percentage of protein and fat... Since the Soy bean 
needs prolonged boiling until it reaches a suffi cient degree of 
softness, it is best soaked for a day in water to which some 
soda and common salt are added (about a teaspoonful of each 
to half a liter) followed by washing two to three times with 
fresh water and then boiling for an hour or so. The taste of 
this dish is very agreeable.
 “In Japan the soy bean serves for several preparations, 
called ‘tofu,’ ‘yuba’ and ‘miso,’ which might be prepared 
in Porto Rico. Also, a dressing or condiment similar to the 
English Worcestershire sauce, is prepared from the seeds.” 
The preparation of tofu is described. It is “generally fried 
like cakes and represents an excellent food.”

 “The milky liquid can also doubtless be used as a 
suitable nutrient, but it can never replace the mother’s or 
cow’s milk for children, since the lime content is exceedingly 
small and the protein differs widely from the casein of the 
milk.
 “In our trials with soy beans at the Experiment Station, 
Mayaguez, the results at fi rst were disappointing. This was 
found to be due to the fact that the soil was not inoculated 
with the proper bacteria for assimilating nitrogen for the 
roots. We now have inoculated soil, and before planting 
on ground new to this crop inoculating material should be 
secured from the Station for mixing with the seed at the time 
of planting. When the soil is once inoculated it will remain 
so for all succeeding crops.”
 Note: Who was Dr. Oscar Loew and how did he learn 
about soyfoods? From 1897 to 1906 he was a Professor 
of Agricultural Chemistry at the Imperial University of 
Tokyo, Japan, where he wrote articles about soy sauce, tofu, 
soymilk, and yuba. In 1911 he was in Munich, Germany, 
where he wrote an article about soymilk. When he speaks 
of “our trials with soy beans at the Experiment Station, 
Mayaguez,” he seems to indicate that he was living at the 
Station in Porto Rico in about 1924. Address: Mayaguez, 
Porto Rico.

717. Seed World. 1924. It pays to inoculate soybeans before 
planting. 15(2):19. Jan. 18.
• Summary: A.W. Wetsel of Harrisonburg, Virginia, is 
certain that it pays to inoculate soybeans, but he had a hard 
time convincing one of his customers, J.R. Shipp of Elkton, 
Virginia, that it pays. He did convince Mr. Shipp to conduct 
an experiment on two fi elds of soybeans (totaling one acre) 
using a “well-known inoculant” that Mr. Wetsel sells. Two 
photos show the results of the experiment, with Mr. Wetsel 
standing in one fi eld of inoculated soybeans and in another 
fi eld of uninoculated. The contrast in the size and color of the 
plants is dramatic.
 Note: This is the earliest English-language document 
seen (March 2003) that uses the word “inoculant” (or 
“inoculum”) in connection with soybeans.

718. Edmondson, J.B. 1924. Soy beans and permanent 
agriculture. Purdue Agriculturist (Indiana) 18(4):63, 80. Jan.
• Summary: The introduction notes that “Mr. Edmondson 
was editor-in-chief of The Agriculturist in 1910-11, and is 
now engaged in general farming and has done a great deal of 
experimental work with soy beans.”
 “In Indiana agriculture, the rotation of corn, wheat and 
clover has become so fi rmly established that any suggestion 
of change is considered, either not at all, or as bordering on 
the revolutionary. The two- or three-cornered game is much 
easier to play than a four-cornered one in farming operations, 
so the idea of diversifi cation has never developed by leaps 
and bounds but has been literally forced on the farmer an 
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inch at a time by the pressure of economic necessity.”
 But today’s economic conditions and farm surpluses are 
demanding still more diversifi cation. The prices of wheat, 
hogs, and corn are all very low. The logical solution to the 
problem lies in adding another crop to the rotation–the soy 
bean. “By all counts, I believe the best program for the 
Indiana farmer today is to build on a four-year rotation of 
corn, soy beans, wheat and clover, both from the standpoint 
of profi ts and the future welfare of the soil.” This would “cut 
the corn and wheat acreages twenty-fi ve per cent and at the 
same time would likely increase the yields per acre, due to 
the benefi cial effect of the added legume on the soil.” This 
would help reduce the troublesome surpluses of corn and 
wheat.
 “The question naturally arises in this connection as to 
whether soy beans grown so extensively can be utilized 
profi tably. As the general knowledge of this remarkable plant 
grows, so will its uses. Eventually I believe the soy bean 
crop will be considered indispensable on every livestock 
farm. For hay, its value is just beginning to be appreciated.” 
It can also be grown for seed, for selling to oil mills, or–as a 
last resort–for feeding to hogs with corn.
 A table shows the prices per bushel, yields, and value for 
the traditional 3-year rotation and the proposed new 4-year 
rotation. The average return per year for 3-year rotation 
is $26.70 compared with $32.00 for the proposed 4-year 
rotation.
 Note: This is the earliest document seen (April 2000) 
by or about soybean pioneer J.B. Edmondson in connection 
with soybeans. Address: Class of 1911, Clayton, [Hendricks 
County], Indiana.

719. Schoene, W.J. 1924. Fourteenth Report of the State 
Entomologist and Plant Pathologist 1922-1923: Mexican 
bean beetle (Epilachna corrupta, Muls.). Virginia State Crop 
Pest Commission, Quarterly Bulletin 5(4):7-9. Jan. [2 ref]
• Summary: In July 1920 this insect (now named Epilachna 
varivestis) was found in the vicinity of Birmingham, 
Alabama, having seriously injured all kinds of beans, 
including cowpeas and soybeans. “Owing to the general 
practice of planting soybeans and cowpeas for forage and 
to build up the soil, the insect will have ample opportunity 
to spread and to cause serious loss.” It can be controlled by 
spraying with zinc arsenite. Address: Blacksburg, Virginia.

720. Gyárfás, József. 1924. Miért nem sikerült eddig nálunk 
a szójabab meghonositása? [Why has the introduction of 
the soybean to Hungary not been successful?]. Koztelek 
(Common Ground) 34(14):168-69. Feb. 17. [Hun]
• Summary: As I elaborated in Issue 13 of Koztelek, soybean 
(szojabab) is a plant that can be sold in a very wide variety 
of forms and deserves exceptional attention from the aspect 
of feeding the populace. Therefore, it might be interesting to 
learn, even if merely for the purposes of gaining information, 

the reasons why the several attempts that have been made 
to introduce it to Central Europe have been unsuccessful 
despite the above facts.
 One of the reasons is that the experiments aimed at its 
introduction most often used incorrect varieties. The majority 
of the soybean varieties grown in Asia and, more recently, in 
America cannot be grown in Central Europe, as they do not 
receive the amount of heat they require for their development 
and it often happens that they do not even develop their pods 
by the time fall comes around.
 This can also be taken as a warning that here in 
Hungary, large scale fi eld experiments should not be 
started under any circumstances with unknown soybean 
varieties that are imported to Europe by the wagonload from 
countries located in warmer climates for the purposes of oil 
production, just because they are pure-bred and are have 
good germination percentages. The reason is that these are 
all late-maturing varieties, while Central Europe, which 
includes Hungary, is suitable only for the production of 
early-maturing or, in the warmest but not in arid regions, the 
early-maturing varieties of the medium-maturing varieties; 
late-maturing soybean will not mature in Hungary.
 However, early-maturing varieties are smaller and 
therefore have less mass than late-maturing soybeans, for 
which reason they are unsuitable for use as fodder or green 
manure. And, as regards the soybean’s nitrogen fi xation 
capabilities, I would note in regard to its use as green manure 
that if soybean is produced for the fi rst time on a given plot, 
the nitrogen-fi xating nodules will only grow on the roots and 
the soybean plant will be able to bind atmospheric nitrogen 
only if it has been inoculated. Without inoculation, it will 
have to be grown three of four subsequent times on the same 
plot before the nodules start growing in large numbers.
 At the present time, the question of soybean varieties 
can be, for the most part, considered solved in central 
Europe, as type experiments and soybean cultivation has 
been started in Hungary just as in Austria and Germany. 
There is now a large number of very early, medium-early, 
and early-medium maturing varieties that can be grown in 
Central Europe, and thus in Hungary as well, and are sure to 
ripen [Footnote 1]. The probability of the success of soybean 
production in Central Europe is compounded by the fact that, 
as also seen in Germany recently, experiments conducted at 
my request at Hungarian farms have also shown that soybean 
can withstand frost, just as it has been generally believed 
before. Contrary to earlier prevalent practices, soybean can 
be sown as early as at the end of March or in April instead 
of the end of April or in May, meaning it can be sown at the 
same time as carrots. Sowing this early not only extends 
the growing season and promotes timely ripening, but 
earlier germination and quicker development also provides 
protection against the dry period that sets in later in the 
season.
 Soybean requires a large amount of heat for its 
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development. As regards this heat amount, the climate 
of Hungary is better suited for soybean production than 
that of Germany. At fi rst glance, the warmest regions of 
Hungary (the Large Hungarian Great Plain) seems to be 
most suited for soybean cultivation. However, the amount 
of precipitation required for full development is often absent 
and so soybean production will not be successful. As an 
example, let me mention the fact the experiment conducted 
by Ödön Legcány last year in Hatvan [in today’s Hungary], 
where the exceptionally dry drought lasted all summer long 
and caused a soybean variety that had been able to fully ripen 
in Magyaróvár [in today’s Hungary] to fail to develop: its 
seeds dried up. Another variety that was even later to mature 
and had been able to ripen in a warmer climate in Hungary 
under better conditions was unable even to bring forth seeds.
 Very early-maturing varieties have been developed for 
the cooler climates of Austria and Germany; in Hungary, 
these ripen in August. However, their production will not 
have great signifi cance in Hungary, since they have smaller 
yields. We require varieties that provide large yields and are 
sure to ripen in September or, in warmer climates, no later 
than October, before the cool and damp days of fall set in. 
There is quite a number of such varieties, they just have to 
be studied, tested in the various regions of Hungary, and then 
the successful varieties have to be further bred not only for 
early maturing but also to improve their yields.
 The problem with early-maturing varieties is that they 
provide smaller yields than late-maturing types. However, 
breeding could be used to greatly improve this issue.
 As regards soybean yields, we must not believe 
exaggerated data. According to American data [Footnote 2], 
the yield in Manchuria is equal to 11.5 quintals [1,150 kg] 
per cadastral jugerum [about 1.4 acres]; the average in Japan 
is 6 quintals [600 kg] per cadastral jugerum. In Japan, a yield 
of 10.5 quintals [1,050 kg] is considered quite large. The 
average soybean yield in the northern states of the United 
States of America is about 4 quintals [400 kg] per cadastral 
jugerum [about 1.4 acres] and about 15 quintals [1,500 
kg] in the northern half of the cotton belt. According to 
Hungarian experiences, a yield of 10 quintals [1,000 kg] per 
cadastral jugerum [about 1.4 acres] can be considered very 
good, although I have even heard of exceptional yields of 14 
quintals [1,400 kg], which was moreover obtained from quite 
a large area and not from a small plot calculated to a large 
plot yield.
 This means that, after we have identifi ed the suitable 
varieties and bred them accordingly, we can be quite satisfi ed 
if we manage to obtain average soybean yields in Hungarian 
that are equal to that of the common bean (6-13 quintals 
[600-1,300 kg] per cadastral jugerum [about 1.4 acres]). 
And the question of what yields we can expect from soybean 
is exceptionally important because the various movements 
aimed at introducing soybean to Central Europe failed not 
only because of the problem involving variety, but rather 

because of the fact that European farmers have thus far not 
found the production of soybean to be profi table. This is 
because farmers are offered prices for soybean that are so 
low that it did not make soybean production worthwhile. In 
fact, prices were even less than that of other legumes. Thus, 
for example (according to data provided by Fruhwirth), 
imported soya could be purchased in Germany for 14-20 
marks per quintal [100 kg] before the war, while the price 
of peas, which provides much better yields, was around 60 
marks.
 No matter how good the nutritional value of soybean 
is, most farmers also found that growing soybean for 
themselves, i.e. for use as fodder, was too expensive.
 In light of the above, the following sentence provides 
a summary of what the introduction of soybean to Hungary 
depends on:
 If Hungarian farmers will fi nd that soybean production 
provides a suitable return on investment and if we are able to 
offer them varieties that are sure to mature and give adequate 
yields, they will embrace soybean production, just as they 
have done with the production of medicinal plants and herbs 
as soon as they provided good income, after the issues of 
sales and industrial processing had been adequately solved.
 That is why we should also ensure that soybean can 
be suitably sold, an issue I will deal with in my upcoming 
article.
 Footnote 1: The Magyar Kiralyi Paprikakiserleti 
es Vegyvizsgalo Allomas [Royal Hungarian Pepper 
Experimental and Chemical Research Station] is advertising 
such seeds. The price of 100 g of seeds is 500 crowns.
 Footnote 2: Calculated from the data published by 
Fruwirth in Issue 490 of the Department Bulletin Address: 
Hungary.

721. Hodgson, R.E. 1924. Soybeans: Their use and culture 
in southern Minnesota. Univ. of Minnesota, Agricultural 
Extension Division, Special Bulletin No. 82. 8 p. Feb.
• Summary: Contents: Introduction. Soybeans as hay, 
for hogs, and for seed. Feeding of soybean straw. Culture 
of soybeans. Inoculation. Curing for hay. Harvesting for 
seed. Threshing. Varieties adapted to Minnesota: Habaro, 
Elton, Manchu, Chestnut, Wisconsin Black, Minsoy, Black 
Eyebrow, Mandarin, Early Brown, Ito San, Soysota. A table 
shows the seed yield of each variety (in bu/acre) from 1920 
to 1923.
 Introduction: “One of the greatest uses of soybeans in 
southeastern Minnesota seems likely to be as a home-grown 
high protein grain supplement, to take the place of oilmeal as 
a means of supplying the protein not provided in the ordinary 
dairy ration of corn silage, alfalfa hay, corn, and oats.
 “This is a conclusion drawn from experience with 
soybeans at the Southeast Demonstration Farm and 
Experiment Station at Waseca, and it throws light on the 
question as to the best use to make of a crop, which, by the 
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seeding of adapted varieties, can be grown and matured in 
practically all parts of Minnesota.
 “The greatest danger lies in the fact that many farmers 
believe that by planting soybeans in their silage corn they 
have adequately provided for the protein needs of their 
stock, and that when not feeding a legume hay such as clover 
or alfalfa, they may think they have no need of a protein 
supplement such as linseed meal. The soybeans in a fi eld of 
corn and beans planted together vary from 10 to 20 per cent 
of the total tonnage. But even if the beans did produce as 
much as 10 to 20 per cent of the total tonnage, they would 
still come a long way from yielding enough protein for even 
the ordinary producing cow, without legume hay.
 “A 1200-pound cow, producing 25 pounds of 4 per 
cent milk a day requires 2.2 pounds of protein daily. Thirty 
pounds of straight corn silage contains 0.38 of a pound of 
digestible protein. Silage containing from 10 to 20 per cent 
of beans provides 0.4 of a pound of protein or an increase 
of 0.02 of a pound. Ten pounds of prairie hay contain 0.3 
of a pound of protein, or an increase of 0.2 of a pound. Ten 
pounds of prairie hay contain 0.3 of a pound of protein, and 
4 pounds of corn and 4 of oats contain 0.74 of a pound of 
protein. Such a ration, therefore, contains a total of 1.44 
pounds of protein, or three-quarters of a pound less than 
the amount required. If, however, 10 pounds of alfalfa hay, 
containing 1.17 pounds of protein, is substituted for the 10 
pounds of prairie hay, the total of protein is brought to 2.3 
pounds, or a slight fraction more than the amount required.” 
Address: Southeast Demonstration Farm and Exp. Station, 
Waseca, Minnesota.

722. Fred, E.B.; Whiting, A.L. 1924. Inoculate legume seed. 
University of Wisconsin College of Agriculture Extension 
Circular No. 168. 8 p. March.
• Summary: “If the farmer desires a good even stand of 
inoculated clover, alfalfa, or other legume he should sow not 
only the proper seed but also the proper bacteria adapted to 
his particular crop. This process of sowing legume bacteria 
along with the seed is called inoculation.”
 “How to get cultures: The College of Agriculture will 
supply cultures within the state at cost. The cultures are 
grown on a jelly-like substance and distributed in bottles. 
Each bottle of cultures will inoculate the following amounts 
of seed of one kind of legume:
 “20 pounds of alfalfa, sweet clover.
 “20 pounds of red, mammoth, and alsike clover.
 “30 pounds of soybeans, cowpeas, garden beans and 
vetch.
 “60 pounds of garden peas, fi eld peas.”
 A large photo on the cover shows a farmer kneeling on 
one knee pouring the contents of a bottle of inoculant onto 
legumes the fi ll a large round metal tub. On the back cover is 
a photo of four different types of legume nodules, including 
soybean nodules. Address: Madison, Wisconsin.

723. Hackleman, J.C. 1924. The future of the soybean 
as a forage crop. J. of the American Society of Agronomy 
16(3):228-36. March.
• Summary: “Paper read as part of the symposium on ‘The 
Forage Problem’ at a meeting of the Society held in Chicago, 
Illinois, November 12, 1923.
 “Summarizing, therefore, it would seem conservative 
to draw the following conclusions: First, that the acreage 
of soybeans will and should increase; second, that the most 
profi table outlet for the production will be as a seed crop and 
as a home-grown nitrogenous feed, substituting for the high-
priced commercial concentrates; third, that applications of 
limestone to the soil must be recognized as essential to the 
most successful permanent production of soybeans; fourth, 
that, after sweetening the soil, more effi cient methods of 
inoculation must be found; and, fi fth, that legumes must 
be classifi ed more nearly on the basis of their special or 
particular values. Alfalfa is pre-eminently a hay plant; sweet 
clover the best for green manure and pasture; red clover for 
dual-purpose hay and pasture legume; and soybeans the best 
annual nitrogenous seed and hay-producing plant.” Address: 
Prof., Farm Crops Extension, Univ. of Illinois, Urbana.

724. Sumner, H.R. 1924. Growing soybeans in eastern 
Kansas. Kansas State Agricultural College, Extension 
Circular No. 39. 7 p. March.
• Summary: This Circular was fi rst published in March 1923. 
The contents of the two is identical, although the format 
makes the 1924 edition somewhat easier to read. Address: 
Extension Agronomist, Manhattan, Kansas.

725. Wolfe, T.K. 1924. Soybean culture. Virginia 
Agricultural Experiment Station, Bulletin No. 235. 32 p. 
March.
• Summary: Contents: Introduction. Climate. Soil. Varieties 
(from early to late–Medium Black, Black Eyebrow, Duggar, 
Ito San, Tashing, Elton, Ogemaw, Mongol, Chernie, 
Pingsu, Jet, Virginia, Wilson, Shingto, Peking, Early Green, 
Arlington, Manhattan, Wilson Black, Chestnut, Haberlandt, 
Royal, Meyer, Austin, Swan, Flat King, Okute, Tokio, 
Edna, Chiquita, Hope, Hollybrook). Seed. Preparation of 
the seedbed. Fertilizers. Lime. Time of seeding. Methods 
of seeding. Spacing. Machines used for seeding. Rate of 
seeding. Depth of seeding. Inoculation. Effects of fertilizers 
on inoculation of soybean seed. Cultivation. Soybeans in 
mixtures [intercropping]: With corn, cowpeas, sorghums, 
Sudan grass, or millet. Place in rotation. Soybeans for soil 
improvement. Harvesting for hay. Harvesting for silage. 
Harvesting for seed. Harvesters (Special harvesters, other 
harvesters). Threshing. Comparison of soybeans and 
cowpeas.
 “The soybean or soja bean has recently become of great 
importance in Virginia... The great increase in production 
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of soybeans is due largely to the fact that the seed can be 
produced more cheaply than those of any other leguminous 
crop now grown in Virginia. The relatively low cost of 
producing soybean seed is due mainly to the high acre yields 
and to the ease of harvesting...
 “It is unfortunate that sometimes the same variety is 
known by several different names. For example, Midwest 
is erroneously called Mongol, Medium Yellow, Roosevelt, 
Banner and Hollybrook; Guelph is sometimes called Medium 
Early Green and Medium Green. However, of the large 
number of varieties of soybeans only about 20 are handled 
by growers and seedsmen in the United States.”
 Photos show: (Cover) Shocks of soybean hay in a fi eld; 
proper shocking is important in the production of good 
quality soybean hay. (1) Two children standing in a fi eld 
of tall soybeans (Courtesy Wallace Brothers, Wallaceton, 
Virginia). (2) Tests of soybean varieties in a fi eld; the end 
of each row is marked. (3) Six people in a fi eld of soybeans 
pulling out all plants which are not true to type. (4) A 
man standing to the rear of a disk, pulled by two horses. 
(5) Soybeans growing with corn. “A wonderful crop for 
hogging off or for silage.” (6) One group of plants cut at 
the right time for hay, the other at the right time for seed. 
(7-8) Shocking soybean hay properly over a tripod curing 
frame. (9) Two properly built tripod curing frames. (10-11) 
Soybeans growing in a fi eld at different stages of maturity 
for harvesting. (12) A special soybean harvester–”The Little 
Giant Bean Harvester. (13) A self-rake reaper. (14) Threshing 
soybeans.
 Table 1 gives yields of seed and hay of soybean varieties 
at Blacksburg. For most varieties, the fi gures are based on 
8 years of tests. The highest seed yields were produced by 
Haberlandt (28.3 bu/acre), Manhattan (26.6), Virginia (26.0), 
and Mongol (25.0). The highest yields of hay came from 
Austin (3.0 tons/acre), Flat King (2.9), Haberlandt (2.8), 
Tokio (2.8), and Hope (2.8). The earliest maturing variety 
for seeds at Blacksburg was Medium Black (107 days). The 
varieties recommended for general purpose in all sections 
of the state for both hay and seed are: Virginia (129 days to 
mature seed), Wilson (129 days), and Haberlandt (134 days).
 Table 3 gives, for each of the varieties listed above: 
Color of pubescence, bloom / fl ower, seed, seed scar / hilum. 
Shape of seed. Habit of growth (slender or stout, erect, 
bushy or twining terminals). Address: PhD, Agronomist, 
Blacksburg, Virginia.

726. Wright, W.H. 1924. New facts in farm science: Soybean 
inoculation. Wisconsin Agricultural Experiment Station, 
Bulletin No. 362. p. 77-78. March.
• Summary: W.H. Wright conducted carefully planned fi eld 
trials with inoculated soybeans over a period of four years. 
His results were surprisingly varied. “From a great mass 
of data collected the following fi ndings stand our: 1. The 
different strains of bacteria used in inoculating soybeans 

differ in their nitrogen-fi xing effi ciency. 2. Different strains 
of bacteria used for soybean inoculation differ in their power 
of producing nodules on the roots of the plants as shown 
by actual count both as to number and size of nodules. 3. 
The different varieties of [soy] beans differ in their relative 
‘susceptibility’ to inoculation. 4. The effi ciency of nitrogen 
fi xed varies with the soil composition and reaction.”
 Table VIII gives a “Summary of 1921-22 fi eld 
experiments with inoculated soybeans.” The 5 main columns 
are: Soil and reaction (e.g., medium acid sand, medium acid 
sandy loam), soybean varieties (Ito San, Manchu, Wisconsin 
Black, Hollybrook, Black Eyebrow, Chestnut), gain in dry 
weight due to inoculation (lbs per acre, and per cent), gain in 
nitrogen content due to inoculation.
 The highest gains in lbs per acre (with percentage 
shown) due to inoculation were from: (1) Manchu on 
medium acid sand soil: 3,557 lb, 60.8%. (2) Hollybrook on 
medium acid sandy loam soil: 2,446, 74.3%. (3) Wisconsin 
Black on medium acid sandy loam soil: 1,943, 48.8%.
 The highest gains in nitrogen content due to inoculation 
were: (1) Manchu on medium acid sandy loam: 28.4%. (2) 
Hollybrook on medium acid sandy loam: 27.1%. (3) Ito San 
on medium acid sand: 21.6%.
 Note: Wright’s PhD thesis on “The nodule bacteria 
of soybeans” was accepted in 1924 in at the University of 
Wisconsin. Address: Agricultural Bacteriology.

727. Briggs, George M. 1924. Coming sure with soy beans. 
Hoard’s Dairyman 67(13):481, 510-11, 514. April 11.
• Summary: Contents: Introduction. Where to plant them. 
Selection of variety. Preparation of seed bed. When to plant. 
Inoculate the seed. How to plant. Soy beans and corn (for 
silage or hogging off). Machinery used in planting. Seed 
required. Care of crop after planting.
 “After years of trials, the Wisconsin Early Black is 
recommended for all purposes on heavier soils or the fertile 
sandy soils of northern Wisconsin. On central Wisconsin 
heavy soils, Manchu, Ito San, and Black Eyebrow are 
proving popular for all purposes, as also the rest of the state, 
and in the northern third of the state on light and medium 
soils as hay or silage.” Other good varieties: Medium Green, 
Hollybrook (now called Midwest), Mammoth Yellow.
 “In 1917, when acting as county agent in a northern 
county, I ordered 200 bushels of Ito Sans for my farmers 
from a seed company.” They grew tall but did not blossom–
because they were Mammoth Yellows.
 “Soybeanisms: 1. Plant only on a well prepared seedbed. 
2. Use only good seed. If in doubt, test. 3. Plant about corn 
planting time. 4. Inoculate–take advantage of free nitrogen. 
5. Plant shallow–especially on heavy soils. 6. Use harrow 
or weeder frequently–in heat of day when plants are 3 to 
6 inches high. 7. Plant solid 1½ bushels per acre, but only 
on fertile soils. 8. Plant in rown to cultivate, on soils low in 
fertility and low in moisture retaining qualities. 9. In planting 
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with corn, mix one-third soy beans and two-thirds corn, or 
use attachment. Plant one soy bean to each kernel of corn.”
 Photos show: (1) Two horses pulling a grain drill for 
planting soybeans. (2-3) Farmers standing in a fi eld of 
soybeans, holding up soybean plants by the roots. Address: 
[Madison], Wisconsin.

728. Wilkins, F.S. 1924. Facts about soybeans in corn: 
Summary of results secured to date by different stations. 
Wallaces’ Farmer 49(17):661, 665. April 25.
• Summary: “F.S. Wilkins... has probably spent more time 
experimenting with soybeans than any other man in Iowa... A 
soybean article by Wilkins is worth reading with great care.”
 “That there is only a slight margin of profi t in favor of 
planting soybeans with corn for hogging down over growing 
corn alone is the consensus of opinion of four corn belt 
state experiment stations after investigating this problem 
rather thoroughly. I am of the opinion that most experiment 
stations believe that farmers who plant soybeans with 
corn for hogging down are making a slight profi t and are 
recommending the practice to a greater or less degree, with 
the rather confi dent feeling that those farmers are at least not 
losing money by the practice.”
 “The soybean, which is increasing by leaps and bounds 
all over the corn belt, has so many points in its favor when 
grown alone for seed and hay as feed, and as a soil builder, 
that it is able to proceed strictly on its own merits without 
an exaggerated valuation from any quarter.” Address: Iowa 
Agric. Exp. Station.

729. Laude, H.H.; Zahnley, J.W. 1924. Soybeans in Kansas. 
Kansas State Agricultural College, Extension Circular No. 
48. 11 p. April.
• Summary: Contents: Introduction. Value of soybeans as a 
crop. Culture: Introduction, inoculation, planting, cultivation, 
harvesting, soybeans in corn (for hogging down). Varieties.
 Conclusions: “1. The soybean is the best annual 
legume for hay, pasture, and grain in eastern Kansas. 2. It is 
especially suited to the eastern 3 tiers of counties. 3. Good 
soybean hay is about equal in feeding value to alfalfa or red 
clover. 4. The seed is a satisfactory substitute for cottonseed 
meal, linseed meal, and tankage. 5. The soybean fi ts well into 
crop rotation and increases the nitrogen content of the soil. 6. 
Inoculation and clean cultivation are necessary for successful 
soybean production.” Address: 1. Agronomist in Charge of 
Cooperative Experiments; 2. Assoc. Prof. of Farm Crops. 
Both: Manhattan, Kansas.

730. A.L.B. 1924. Soy beans and Sudan grass. Rural New-
Yorker 83:779. May 17.
• Summary: These are two articles by A.L.B. in response 
to two letters, the fi rst from Michigan, the second from 
New York. Planting Soy beans with Sudan grass is a very 
good idea. One should get good results by using Manchu or 

Ito San. Be sure to inoculate the seed. “You could cut the 
Soy beans for hay and should obtain a very good yield of 
valuable leguminous hay crop.” To plant the two together, 
use about 15 lb of Sudan Grass to a bushel (60 lb) of 
soybeans.
 Soy beans are well adapted to a clay soil. Even better is 
Japanese millet or Golden millet. Address: New York.

731. J. of the Jamaica Agricultural Society. 1924. Soy beans. 
28:160-61. May.
• Summary: “For a considerable number of years we 
continued to import Soy beans of different varieties in the 
belief that if we could get them commonly grown here it 
would be a most valuable addition to our foods. But we 
did not import any inoculated soil or liquid inoculation, 
containing the bacteria peculiar to the Soy Bean thinking that 
by repeated growth here the bacteria would soon become 
plentiful. But few carried on experiments long enough, it 
being so much easier to grow cowpeas, kidney beans, etc. 
Two growers however had successes and sold seeds, but 
there is no doubt that the bacteria which suits other legumes 
(except Alfalfa), and which is in all our soils, do not exert 
any infl uence on Soy Beans...
 “The Soy Bean is of such remarkable value for food 
over other beans and peas, that it should be given the greatest 
attention. The green variety would serve as green peas.
 “We present here an article from Porto (Puerto) Rico 
Agric. Exp. Station on the subject:–’The Soy Bean.’”
 Note 1. The article is reprinted from the Porto Rico 
Agricultural Experiment Station, Agricultural Extension 
Notes No. 64. p. 1-2. Jan. 15, 1924 (which see).
 Note 2. This is the earliest document seen (Dec. 2008) 
concerning soybeans in Jamaica, or the cultivation of 
soybeans in Jamaica.

732. Perkins, Alfred T. 1924. The effect of several mineral 
fertilizers upon the nodulation of Virginia soy beans. Soil 
Science 17(6):439-47. June. [7 ref]
• Summary: The effect of the common fertilizing elements 
on nodule formation in the soy bean variety Virginia in 
pot-culture was determined. No direct relationships were 
observed. Potash, phosphate, and nitrate do not appear 
essential for good nodulation, although, in some cases, 
improvements were noted where light dressings of these 
fertilizers were added. An adequate supply of lime was 
necessary to insure satisfactory formation of nodules. High 
moisture contents, up to the maximum saturation capacity, 
favored nodulation.
 Note 1. This is the earliest English-language document 
seen (Aug. 2018) that uses the word “nodulation” or the 
word “nodules” (or “nodulate” “nodulate” “nodulated” 
“nodulating”) in connection with the acquisition of 
atmospheric nitrogen by plants. One of two documents. 
Address: Dep. of Soil Chemistry and Bacteriology, New 
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Jersey Agric. Exp. Station.

733. Perkins, Alfred T. 1924. A note on the nodulation of soy 
beans. Soil Science 17(6):449-56. June. [1 ref]
• Summary: Phosphates and potash may increase nodulation 
by counteracting some toxic or limiting factor in the soil. 
The action of lime is more direct, in that it either plays a part 
in the actual infection, or in the fi xation process, or is the 
fi rst element the absence of which limits the growth of the 
seedlings. Address: Dep. of Soil Chemistry and Bacteriology, 
New Jersey Agric. Exp. Station.

734. Westover, H.L. 1924. Re: Mr. O’Grady of Buenos Aires, 
Argentina. Letter [memorandum] to W.J. Morse [USDA, 
Washington, DC], July 15. 1 p. Typed, without signature 
(carbon copy).
• Summary: “Dear Mr. Morse: While I was in Argentina I 
spent quite a little time with Mr. O’Grady, who has quite 
a large tract of land some distance from Buenos Aires. He 
is a very intelligent man and much interested in trying out 
various crops. Last year he had a few soy beans but they did 
not make particularly good growth. I examined the plants 
and as there were no nodules on the roots, I thought possibly 
this might explain the diffi culty. At that time I told him that 
I would send him some small lots of several varieties of 
soy beans, and that at the same time would send him some 
material for inoculating the seed.
 “Since returning here I have had a letter from Mr. 
O’Grady who tells me that his brother is in this country 
for a couple of months and he wishes him to take the seed 
and inoculating material back with him. His address is as 
follows:
 “Mr. Eugene T. O’Grady,
 “c/o The Otto Garden Co.,
 “14-16 Lisponard Street,
 “New York City.
 “I have written to this address and asked Mr. O’Grady 
to let us know when he is ready for the seed. As soon as you 
hear from him I wish you would kindly attend to this matter. 
Very truly yours,...”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., March 2012. Address: Agronomist [Bureau of Plant 
Industry, USDA, Washington, DC].

735. Morse, W.J. 1924. Re: Soybean movie fi lm. Letter 
[memorandum] to Dr. Oakley [USDA, Washington, DC], 
July 17. 1 p. Typed, with signature on letterhead.
• Summary: “Dear Dr. Oakley: In correspondence with Dr. 
J.B. Park, Chief of the Department of Farm Crops, Ohio 

Experiment Station, Columbus, Ohio, it has been suggested 
that a soybean movie fi lm might be a good thing in view of 
the extensive interest that is being taken in the crop and its 
products and the great increase in acreage during the past 
fi ve years. The soybean undoubtedly will become one of our 
major crops in the eastern half of the United States. In many 
sections of the Northern States and the Corn Belt, as well as 
the southern States, the soybean now occupies a permanent 
place in rotations. Naturally with a great increase in acreage 
many problems relative to varieties, methods of planting, 
culture, harvesting, thrashing and utilization of the crop 
have presented themselves. The Department of Agriculture 
with the State Experiment Stations have been studying these 
questions and have been of great aid in solving the problems 
and thereby extending the acreage and greater utility of the 
soybean.
 “Many states, especially those of the northern and 
central portions of the country, hold county soybean days, 
state soybean days, and the northern and central sections 
hold a National Soybean Day once a year. At these various 
state, county, and national meetings the various problems 
connected with the soybean industry are discussed and 
demonstrations are held. It seems to me that a movie fi lm 
showing the working out of these various problems, in fact 
the most interesting things connected with the soybean 
industry, would reach a greater number of people through the 
county agents and growers’ associations, of which there are a 
number throughout the Southern and Central States.
 “The Ohio State University, at Columbus, Ohio, is 
planning to hold a sectional soybean meeting, September 10, 
and in their preparation for this Field Day it will be possible 
to show on a fi lm practically the entire series of operations 
connected with the whole soybean industry, presenting 
many troublesome problems which confront the grower and 
giving methods of handling these problems. The University 
people will have hay-making in all its stages, planting, 
inoculation, culture, harvesting, thrashing, preparing the 
seed-bed, pasturing with hogs and sheep, ensilage and 
feeding bean straw and hay to stock. With all these things 
being demonstrated, it would be possible with a minimum 
effort and expense to get a fi lm which will be very useful 
to extension workers. Moreover, it will be of special value 
to stockmen, dairymen, hog raisers and farmers in general 
who are planning to include soybeans in their rotation 
either for hay or grain. In fact, the entire eastern half of the 
United States and a few states in the western half such as the 
Dakotas, Nebraska, Kansas and a portion of Texas would be 
benefi tted by such a fi lm. Yours very truly,...”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
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Univ., March 2012. Address: Agronomist, Forage-Crop 
Investigations, Bureau of Plant Industry, USDA, Washington, 
DC.

736. Westover, H.L. 1924. Re: Letter from Mr. Eugene 
O’Grady [in New York City]. Letter [memorandum] to 
W.J. Morse [USDA, Washington, DC], July 18. 1 p. Typed, 
without signature (carbon copy).
• Summary: “Dear Mr. Morse: Referring to the attached 
letter from Mr. Eugene O’Grady. I wish you would kindly 
see that he receives the seed of several varieties of soy beans, 
and the inoculating material. I think it would be well to 
ship this to him very shortly as I do not know just when he 
expects to leave for South America. Very truly yours,...”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-29. Box 
92–Morgan-Morse.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., March 2012. Address: Agronomist [Bureau of Plant 
Industry, USDA, Washington, DC].

737. Piper, Charles V. 1924. Forage plants and their culture. 
Revised edition. New York, NY: The Macmillan Co. xxv + 
671 p. Aug. See p. 571-96. Illust. Index. 19 cm. [9 ref]
• Summary: This book is 57 pages longer than the 1914 
fi rst edition. Since most of the chapters have different titles, 
different contents, and different numbers, we will include the 
entire new table of contents here.
 Preface to the revised edition. 1. Introduction: 
Defi nitions.–Knowledge of Forage Crops Compared with 
Other Crops.–Forage Crops and Civilization.–Forage Crops 
in Europe and America.–Perennial Hay Plants in Europe 
and America.–Botany of Forage Crops.–Aggressiveness 
Necessary in Perennial Forage Crops.–Characteristics of 
Grasses.–Legumes–Root Nodules.–The Nodule Organism.–
Forms of Root Nodules.–Natural Inoculation.–Artifi cial 
Inoculation.–Dependence of Legumes on Root Nodules.
 2. Preservation of Rough Forage: Preservation of Rough 
Forage.–Time of Cutting.–Haymaking in Dry Weather.–
Curing of Hay.–Haymaking under Humid Conditions.–
Special Devices to Facilitate Hay Curing.–Completion 
of Curing.–Artifi cially Dried Hay.–Shrinkage of Stored 
Hay.–Loss of Hay or Fodder in the Field.–Relation of Green 
Weight to Dry Weight.–Loss of Substance from Growing 
Plants.–Hay Stacks.–Spontaneous Combustion.–Statistics 
of Hay Yields.–Brown Hay.–Silage.–Advantages of Silage.–
Plants Useful for Silage.–Soiling or Soilage.–Soiling 
Systems.
 3. Choice of Forage Crops: What Determines the Choice 
of a Forage Crop.–Special Purposes for which Forage 
Crops are Grown.–Adaptation to Conditions.–Yields to 
the Acre.–Yields under Irrigation.–Cost of Seeding.–Time 

of Harvesting.–Ease of Harvesting and Curing.–Demands 
or Prejudices of the User.–Feeding Values.–Feeding 
Experiments.–Chemical Analyses.–Chemical Composition as 
Affected by Soil and by Fertilizers.–Chemical Composition 
as Affected by Stage of Maturity.–Variation in Chemical 
Composition from Unascertained Causes.–Digestible 
Nutrients.–Net Energy Values.–Starch Values.–Comparison 
of Feeding Values.
 4. Seeds and Seeding: Quality.–Genuineness.–Purity.–
Viability.–Actual Value of Seed.–Superiority of Local 
Seed.–Standards of Purity and Germination.–Adulteration 
and Misbranding.–Color and Plumpness of Seeds.–Age 
of Seeds.–Source of Seeds.–Seed Inspection.–Sampling.–
Guaranteed Seeds.–Fungous Diseases.–Hard Seeds.–Most 
Dangerous Weed Seeds.–Weight of Seeds.–Number of Seeds 
in One Pound.–Seed Production of Forage Crops, United 
States, 1919.–Seeding in Practice.–Rate of Seeding.–Time of 
Seeding.–Depth of Seeding.–Experimental Results.–Nurse 
Crops.–Vegetative Multiplication.
 5. Meadows and Hayfi elds: Defi nitions.–Meadow 
Mixtures.–Composition of Meadow Mixtures.–Treatment of 
Permanent Meadows.–Scarifying Old Meadows.–Reseeding 
Old Meadows.–Fertilizers for Hay Crops.–Top-dressing 
for Aftermath or Rowen.–Principal Hay Plants.–Principal 
Hay-Producing States.–Importance of Perennial Grasses in 
Rotations.
 6. Pastures and Pasturage: Defi nitions.–Fallow 
Pastures.–Seedling Pastures.–Stubble Pastures.–Aftermath 
Pastures.–Crop Pastures. Improved Pasture Land.–
Unimproved Pasture Land.–Most Important Tame Pasture 
Plants.–Palatability of Tame Pasture Grasses.–Pasture Yields 
as Determined by Number of Cuttings.–Pasture Mixtures.–
Pasturing Meadows.–Miscellaneous Farm Pasturage.–
Temporary. Pastures.–Temporary Pasture Crop Systems 
for Hogs.–Treatment of Permanent Pastures.–Overgrazing 
and Undergrazing.–Periods and Degree of Grazing.–
Systems of Grazing.–Grazing Systems in Different Pasture 
Regions.–Renovating Old Pastures of Creeping Grasses.–
Renovating Bunch Grass Pastures.–Burning Over Pasture 
Lands.–Rotation of Animals.–Poisonous Plants in Natural 
Pastures.–Rodents.–Bloating or Hoven.–Carrying Capacity 
or Supportage.
 7. The Statistics of Forage Crops for the United States: 
Total Forage Production by Groups of Forages, United 
States, 1919. Concentrated Feeds.–Hay and Fodder.–Straw 
and Stovers.–Root Crops, Wet Beet Pulp and Silage.–The 
Major Crop Plants Producing Forage.–Classifi cation of 
Crops in Statistical Returns.–Mature crops pastured off.–
”Hay and Forage” by Classes, United States, 1919.–Kafi r, 
Sorghum and the Like for Forage.–Silage Crops.–Wild 
Salt or Prairie Grasses.–Root Crops for Forage.–Major 
Hay Producing Crops.–The Ten States Leading in Forage 
Production.–Canadian Statistics.
 8. Timothy: Botany.–Agricultural History.–Agricultural 
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Importance.–Climatic Adaptations.–Soil Preferences.–
Advantage of Timothy.–Rotations.–Seed.–Preparation of 
Seed Bed.–Heavy Seeds or Light Seeds.–Rate of Seeding.–
Depth of Seeding.–Methods of Seeding.–Seed Bed.–
Fertilizers for Timothy.–Lime.–Irrigation.–Time to Cut for 
Hay.–Yields.–Pasture.–Pollination.–Seed Production.–Life 
History.–Life Period.–Depth of Root System.–Proportion of 
Roots to Tops.–Regional Strains.–Feeding Value.–Injurious 
Insects.–Diseases.–Variability.–Disease Resistance.–
Breeding.–Methods of Breeding.–Desirable Types of 
Improved Timothies.–Comparison of Vegetative and Seed 
Progeny.–Field Trials with Improved Strains.
 9. Bluegrasses and Meadow-Grasses: Kentucky 
Bluegrass (Poa pratensis): Botany; Adaptations; Importance; 
Characteristics; Culture; Fertilizers; Lime; Yields of Hay; 
Seed Production; Seed; Hybrids.–Canada Bluegrass (Poa 
compressa): Seed; Culture; Adaptations; Importance.–Texas 
Bluegrass (Poa arachnifera).–Fowl Meadow Grass (Poa 
trifl ora).–Rough-stalked Meadow Grass or Bird Grass (Poa 
trivialis).–Wood Meadow Grass (Poa nemoralis).
 10. Orchard Grass, Tall Oat-Grass and Brome 
Grasses: Orchard Grass (Dactylis glomerata): Description; 
Botany; Agricultural History; Climatic Adaptations; Soil 
Preferences; Adaptation to Shade; Variability; Advantages 
and Disadvantages; Importance; Seeding of Orchard Grass; 
Life History; Harvesting for Hay; Yields of Hay; Harvesting 
Orchard Grass for Seed; Weeds; Seed; Sources of Seed; 
Utilization of Stubble and Aftermath; Mixtures; Pasturage 
Value; Feed Value; Value as a Soil Binder; Improvement 
by Selection; Pests.–Tall Oat-grass (Arrhenatherum 
elatius): Names; Botany; Agricultural History; Adaptations; 
Importance; Characteristics; Seeding; Hay; Seed Production; 
Seed; Mixtures.–Brome Grass (Bromus inermis): Names 
and Description; Botany; Agricultural History; Adaptations; 
Depth of Roots; Method of Seeding; Rate of Seeding Brome 
Grass; Time to Cut for Hay; Hay; Fertilizers; Treatment of 
Meadows; Seed Production; Seed; Pasture Value; Mixtures; 
Variability.
 12. Fescue, Rye-Grasses and Wheat-Grasses: 
Meadow Fescue (Festuca elatior): Botany and History; 
Characteristics; Adaptations; Importance; Seeding; Hay; 
Seed Production; Seed; Pasture Value; Pests; Hybrids.–Tall 
Fescue.–Reed Fescue (Festuca arundinaceae).–Sheep’s 
Fescue and Closely Related Species: Importance and 
Culture; Seed.–Red Fescue (Festuca rubra).–Perennial or 
English Rye-grass (Lolium perenne): Name; Agricultural 
History; Botany; Characteristics; Adaptation; Importance; 
Agricultural Varieties; Culture; Hay Yields; Seed 
Production.–Italian Rye-grass (Lolium multifl orum): 
Characteristics; Botany; Agricultural History; Adaptations; 
Culture; Irrigation; Hay Yields; Seed Production; Seed.–
Wimmera Rye-grass (Lolium subulatum).–Slender 
Wheat-grass (Agropyron tenerum).–Western Wheat-grass 
(Agropyron occidentale).–Crested Wheat-grass (Agropyron 

cristatum).–Quack Grass (Agropyron repens).
 13. Miscellaneous Northern Perennial Grasses: 
Meadow Foxtail (Alopecurus pratensis): Characteristics; 
Adaptations; Culture; Seed.–Sweet Vernal grass 
(Anthoranthum odoratum): Botany; Culture.–Reed Canary 
grass (Phalaris arundinacea): Botany and Agricultural 
History; Characteristics; Culture.–Harding grass (Phalaris 
stenoptera).–Velvet grass (Holcus lanatus).–Erect Brome 
(Bromus erectus).–Yellow Oat-grass (Trisetum fl avescens).–
Crested Dogstail (Cynosurus cristatus).
 14. Southern Grasses: Bermuda grass (Cynodon 
dactylon): Botany; Characteristics; Agricultural History; 
Adaptations; Variability; Importance; Culture; Yields of Hay; 
Rootstocks; Pasture Value; Feeding Value; Seed Production.–
Giant Bermuda grass (Cynodon dactylon var maritimus).–
Transvaal Kweek grass (Cynodon incompletus).–Star grass or 
Thungari (Cynodon plectostachyus).–Igoka grass (Cynodon 
sp.).–Dallis grass (Paspalum dilatatum).–Bahia grass 
(Paspalum notatum).–Carpet grass (Axonopus compressus).–
Seed Production.–Para grass (Panicum barbinode). 
Guinea grass (Panicum maximum).–Rescue grass (Bromus 
unioloides).–Crab grass (Digitaria sanguinalis).–Natal grass 
(Tricholaena rosea).–Chess or Cheat (Bromus secalinus).–
Rhodes grass (Chloris gayana).–Molasses grass (Melinis 
minutifl ora). (Continued). Address: Agrostologist in Charge 
of Forage Crop Investigations, Bureau of Plant Industry, 
USDA.

738. Piper, Charles V. 1924. Forage plants and their culture. 
Revised edition (Continued–Document part II). New York, 
NY: The Macmillan Co. xxv + 671 p. Aug. See p. 571-96. 
Illust. Index. 19 cm. [9 ref]
• Summary: (Continued): 15. Cereal Grasses: Maize or 
Indian Corn: Corn as Forage; Grain; Corn Fodder; Corn 
Stover; Corn Silage; Corn Pasturage; Mixed Cropping.–The 
Small Grain Grasses: Wheat: Importance as Forage; Wheat 
Hay; Wheat Silage; Wheat Pasturage.–Oats: Oats as Forage; 
Importance as Forage; Oat Grain as Forage; Oat Hay; Oat 
Straw; Mixtures; Oats for Pasturage.–Barley: Barley Hay; 
Barley Straw; Importance.–Rye.–Emmer and Spelt.–Mixed 
Small Grains.–Canary Grass (Phalaris canariensis).
 16. Millets: The Principal Millets.–Foxtail Millet 
(Setaria italica): Agricultural History; Adaptations; 
Importance; Agricultural Varieties; Culture.–Rate of 
Seeding.–Hay; Feeding Value; Silage from Foxtail Millet; 
Injurious Effects; Seed Production; Seed; Diseases and 
Insects.–Japanese Millet (Echinochloa frumentacea).–
Broomcorn Millet (Panicum miliaceum).–Comparative Hay 
Yields of Different Millets at Several Experiment Stations.–
Shama Millet (Echinochloa colona or Panicum colonum).–
Ragi, Finger millet or Coracan (Eleusine coracana).–Texas 
Millet (Panicum texanum).–Browntop Millet (Panicum 
fi sciculatum).
 17. Sorghums, Japanese Sugar Cane and Other Grasses: 
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Sorghum (Sorghum sorghum): Botany; Agricultural 
History; Adaptations; Root System; Agricultural Groups; 
Importance; Culture; Time of Seeding; Seeding in Rows; 
Seeding Broadcast; Number of Cuttings; Yields of Forage; 
Seed; Agricultural Varieties; Seed Production; Utilization; 
Soiling; Fodder; Hay; Silage; Sorghum and Legume 
Mixtures; Pasture Value; Poisoning; Diseases; Insect Pests; 
Sorghum Improvement.–Sudan Grass (Sorghum sorghum var 
Sudanense): Description (“fi rst introduced into the United 
States in 1909”); Adaptations; Culture; Utilization; Hay; Hay 
Mixtures; Chemical Analysis; Seed Production.–Pasturage.–
Johnson Grass (Sorghum halepense): Botany; Agricultural 
History; Adaptation and Utilization; Poisonous Qualities; 
Seed.–Japanese Sugar Cane (Saccharum sinense): History 
and Characteristics; Varieties; Adaptations; Planting; Culture; 
Utilization; Yields; Seed Cane.–Other grasses: Penicillaria 
(Pennisetum glaucum); Teosinte (Euchloena mexicana): 
Guatemala grass (Tripsacum laxum).
 18. Alfalfa: Agricultural History.–Origin of the 
Common Names–Heat Relations.–Cold Relations.–Humidity 
Relations.–Soil Relations.–Distribution of the Alfalfa 
Crop.–Botanical Varieties of Alfalfa.–Cultivated Varieties 
of Alfalfa.–Importance of the Varieties.–Infl uence of Source 
of Seed.–Comparison of Regional Strains.–Important 
Characteristics of Alfalfa.–Life Period.–Roots.–Relations 
to Soil Moisture.–Seedlings.–Rootstocks.–Shoots.–
Relative Proportion of Leaves, Stems and Roots.–Seed 
Bed.–Inoculation.–Liming.–Fertilizers.–Rate of Seeding.–
Time of Seeding.–Method of Seeding.–Nurse Crops [an 
annual crop used to aid in establishing a perennial crop]–
Clipping.–Winter-killing.–Time to Cut for Hay.–Number of 
Cuttings.–Quality of Different Cuttings.–Irrigation.–Time 
to Apply Irrigating Water.–Winter Irrigation.–Relation of 
Yield to Water Supply.–Care of an Alfalfa Field.–Alfalfa in 
Cultivated Rows.–Alfalfa in Mixtures.–Alfalfa in Rotations.–
Pasturing Alfalfa.–Use as a Soiling Crop.–Alfalfa Silage.–
Alfalfa Meal.–Alfalfa Straw.–Seed production.–Pollination.–
Seeds.–Viability of Seed.–Alfalfa Improvement.–Breeding 
Methods.–Weeds.–Dodder or Love-vine.–Diseases.–Insects.–
Rodents.
 19. Clovers, Especially Red Clover: Botany of Red 
Clover.–Agricultural History.–Importance and Distribution.–
Soil Relations.–Climatic Relations.–Effect of Shade.–
Agricultural Varieties.–Comparison of Red Clovers from 
Different Sources.–Time of Seeding.–Rate of Seeding.–
Seedlings.–Seeding with a Nurse Crop.–Seeding without a 
Nurse Crop.–Depth of Seeding.–Winter Killing.–Treatment 
of Clover Fields.–Fertilizers.–Gypsum.–Lime.–Irrigation.–
Red Clover in Mixtures.–Use in Rotations.–Effect of 
Clover in Rotations when Only the Stubble is Turned 
Under.–Volunteer Crops.–Stage to Cut.–Composition at 
Different Stages.–Number of Cuttings.–Yields of Hay.–
Relation of Green Weight to Hay Weight.–Feeding Value.–
Comparative Feeding Value of the First and Second Crops 

of Hay.–Soiling.–Pasturage.–Silage.–Number of Flowers 
and Seeds to the Head.–Pollination and Fecundation.–Seed 
Production.–Harvesting the Seed Crop.–Yields of Seed.–
Statistics of Seed Crop.–Value of the Straw.–Seed.–Color 
of Seeds.–Roots.–Shoots.–Proportion of Roots to Shoots.–
Relative Proportions of Stems, Leaves and Flower Heads.–
Diseases.–Clover Failure.–Reduction of Acreage Probably 
Due Mainly to Clover Failure.–Insects.–Improvement of Red 
Clover by Breeding.–Disease-resistant Strains.
 20. Crimson Clover and Related Annual Legumes: 
Crimson Clover (Trifolium incarnatum): Botany; 
Agricultural History; Description; Adaptations; Importance; 
Variability and Agricultural Varieties; Seeding; Time of 
Seeding; Methods of Seeding; Time to Cut for Hay; Yields; 
Other Uses of Crimson Clover; Seed Production; Seed.–
Shaftel or Schabdar (Trifolium suaveolens).–Berseem 
(Trifolium alexandrinum).–Strawberry, Subterranean and 
Hop Clovers: Strawberry Clover (Trifolium fragiferum); 
Subterranean Clover (Trifolium subterraneum).–Hop Clovers 
(Trifolium Spp.). Bur Clovers (Medicago spp.); Seed.
 21. Other Clovers–Alsike, Hungarian and White: Alsike 
Clover (Trifolium hybridum): Botany of Alsike; Agricultural 
History; Adaptations; Characteristics; Regional Seeds; 
Importance; Culture; Hay; Seed Production; Seed; Value 
for Pasturage.–Hungarian Clover (Trifolium panonicum).–
White Clover (Trifolium repens): Botany; Agricultural Sorts, 
Description; Agricultural History; Adaptations; Importance 
of White Clover; Seeding; Yields; Pollination; Seed 
Production; Seed.–Ladino White Clover.
 22. The Melilots or Sweet Clovers: Bokhara melilot 
(Melilotus alba): Climatic Adaptation; Soil Relations; 
Agricultural History; Seeding; Securing a Stand; Relative 
Proportion of Tops and Roots; Utilization; Advantages 
and Disadvantages; Yields of Hay; Seed Production; 
Value of the Straw; Seed.–Annual or Hubam Bokhara 
melilot.–Hubam (Melilotus alba annua).–Offi cial melilot 
(Melilotus offi cinalis).–King Island melilot (Melilotus indica 
or Melilotus parvifl ora).–Daghestan melilot (Melilotus 
suaveolens).
 23. Miscellaneous Perennial Legumes: Sainfoin 
(Onobrychis viciaefolia): Description; Agricultural History; 
Culture; Seed; American Data.–Sulla or Spanish Sainfoin 
(Hedysarum coronarium). Kudzu (Pueraria thunbergiana).–
Flat Pea (Lathyrus silvestris var. wayneri).–Kidney Vetch 
(Anthyllis vulneraria).–Goat’s Rue (Galega offi cinalis).–
Bird’s-foot Trefoil (Lotus corniculatus).–Sickle-milk Vetch 
(Astragalus falcatus).–Furze (Ulex europaeus) (Continued). 
Address: Agrostologist in Charge of Forage Crop 
Investigations, Bureau of Plant Industry, USDA.

739. Piper, Charles V. 1924. Forage plants and their culture. 
Revised edition (Continued–Document part III). New York, 
NY: The Macmillan Co. xxv + 671 p. Aug. See p. 571-96. 
Illust. Index. 19 cm. [9 ref]
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• Summary: (Continued): 24. Peas and Pea-like Plants: 
Pea (Pisum sativum): Botany and History; Description; 
Adaptations; Importance; Agricultural Varieties; Seeding; 
Development of the Plant; Hay; Peas and Oats; Pasture 
Value; Garden Pea Vines; Irrigation; Seed production; Seed.–
Pea Weevil (Laria pisorum or Bruchus pisorum).–Chick-pea 
(Cicer arietinum).–Grass-pea, Vetchling or Chickling Vetch 
(Lathyrus sativus).
 25. Vetches and Vetch-like Plants: Kinds of Vetches. 
Common Vetch (Vicia sativa): Description; Botany and 
Agricultural History; Adaptations; Importance; Agricultural 
Varieties; Culture; Time of Seeding; Rate of Seeding; 
Harvesting for Hay; Pasturing; Feeding Value; Rotations; 
Fertilizers; Lime; Silage; Seed Production; Seed.–Hairy 
Vetch (Vicia villosa): Description; Botany; Climatic 
Adaptations; Soil Preferences; Rate of Seeding; Time of 
Seeding; Depth of Seeding; Inoculation; Uses of the Crop; 
Pollination; Harvesting for Hay; Feeding Value; Use in 
Rotations; Advantages and Disadvantages; Growing Seed; 
Sources of Seed; Seeds.–Narrow-leaved Vetch (Vicia 
angustifolia). Hungarian vetch (Vicia pannonica). Purple 
Vetch (Vicia atropurpurea). Woolly-pod Vetch (Vida 
dasycarpa).–Ervil or Black Bitter Vetch (Vicia ervilia).–
Horse Bean (Vicia faba). Bird or Tufted Vetch (Vicia cracca). 
Tangier Pea (Lathyrus tingitanus). Flat-podded Vetchling 
(Lathyrus cicera).–Ochrus (Lathyrus ochrus).–Comparison 
of Vetch Species.–Fenugreek (Trigonella foenum-graecum).–
Lupines (Lupinus spp.).–Serradella (Ornithopus sativus).–
Square-pod pea (Lotus tetragonolobus).
 26. Cowpeas: Cowpea (Vigna sinensis): Botanical 
Origin; Agricultural History; Adaptations; Importance; Uses 
of the Crop; Varietal Distinctions; Life Period; Pods and 
Seeds; Correlations; Important Varieties; Rate and Method of 
Seeding; Time of Seeding; Inoculation; Number of Cuttings; 
Hay; Hay Yields; Feeding Value; Cowpeas in Broadcast 
Mixtures; Cowpea Mixtures not Sown Broadcast; Pasturage; 
Silage; Growing Cowpeas for Seed; Pollination; Seed Yield; 
Proportion of Seed and Hulls; Seeds; Viability; Root System; 
Disease Resistance; Insect Enemies.
 27. Soybeans: Agricultural History.–Botany.–
Description.–Soil Preferences.–Climatic Relations.–
Importance.–Statistics.–Desirable Characters in Soybean 
Varieties.–Commercial Varieties.–Preparation of Soil and 
Cultivation.-Rate of Seeding.–Time of Seeding.–Method 
of Seeding.–Depth of Seeding.–Inoculation.–Life Period.–
Time to Cut for Hay.–Hay Yields.–Fertilizers.–Soybean 
Mixtures.–Silage.–Rotations.–Feeding Value of Soybean 
Hay.–Pasturage. Seed Production.–Storage.–Pollination.–
Seed Yield.–Feeding the Seed.–Seeds.–Pests.–Breeding.–
Soybeans and Cowpeas Compared.
 28. Other Warm Season Annual Legumes: Lespedeza 
or Japan Clover (Lespedeza striata): Description; 
Agricultural History; Varieties; Adaptations; Culture; 
Pasturage Value; Hay; Seed Production.–Korean Lespedeza 

(Lespedeza stipulaceae).–Florida Velvet Bean (Stizolobium 
deeringianum): Description and History; Adaptations; 
Utilization; Other Species of Stizolobium.–Importance.–
Insects and Diseases.–Peanut (Arachis hypogaea).–Florida 
Beggarweed (Desmodium purpureum, formerly called 
Desmodium tortuosum or Meibomia tortuosa).–The Jack 
Bean (Canavalia ensiformis).–Mung Bean (Phaseolus 
aureus).–Urd Bean (Phaseolus mungo).–Moth Bean 
(Phaseolus aconitifolius).–Adzuki Bean (Phaseolus 
angularis).–Bonavist or Hyacinth Bean (Dolichos lablab).–
Guar (Cyamopsis tetragonoloba).–Dakota Vetch (Hosackia 
americana or Lotus americanus).
 29. Miscellaneous Herbs Used as Forage: Sunfl ower 
(Helianthus annuus).–Mexican Clover (Richardsonia 
scabra).–Prickly Pear (Opuntia spp.).–Spurry (Spergula 
sativa).–Yarrow (Achillea millet olium).–Sachaline 
(Polygonum sachalinense).–Burnet (Sanguisorba minor).–
Buckhorn (Plantago lanceolata).–Prickly Comfrey 
(Symphytum asperrimum).–Australian Saltbush (Atriplex 
semibaccata).
 30. Root Crops and Other Comparable Forages: Root 
Crops: Importance of Root Crops; Kinds of Root Crops; 
Comparison of Various Root Crops; Roots Compared with 
Corn and Sorghum.–Rape (Brassica napus): Importance; 
Seeding; Place in Rotations; Sowing with Another Crop; 
Utilization; Carrying Capacity of Rape Pastures; Yields; 
Insects.–Kale (Brassica oleracea): Diseases; Yields of 
Kale, Cabbage and Other Brassicaceous Plants.–Jerusalem 
Artichoke (Helianthus tuberosus).–Chufa (Cyperus 
esculentus).–Cassava (Manihot utilissima).
 List of plates (14 full-page photos).
 References appear at the end of each chapter. Address: 
Agrostologist in Charge of Forage Crop Investigations, 
Bureau of Plant Industry, USDA.

740. Piper, Charles V. 1924. Soybeans (Document part). 
In: C.V. Piper. 1924. Forage Plants and Their Culture. New 
York, NY: MacMillan Co. xxv + 671 p. Aug. See p. 571-96. 
[9 ref]
• Summary: “The soybean is the most productive as regards 
seed of any legume adapted to temperate climates. This fact 
alone gives the crop a high potential importance and insures 
its greater agricultural development in America. At the 
present time the soybean is most largely grown for roughage, 
but the high value of the seed for human food, as well as 
animal feed and for oil, will in all probability result in its 
being more and more grown for the seed and the crop will 
then become of major importance.
 “Agricultural history.–The soybean, or soja-bean, is 
a plant of ancient cultivation in Japan, China, Korea and 
Manchuria, and to a much less extent in northern India and 
in the highlands of Java. As grown in these countries, it is 
used mainly for human food, the beans being prepared in 
various ways. A large amount of the beans is utilized by fi rst 
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extracting the oil. In this case the bean cake is used both for 
cattle food and as a fertilizer.
 “The soybean was fi rst cultivated in the United States 
in 1804 [sic], but it apparently attracted but little attention 
until 1854, when two varieties were brought back from Japan 
by the Perry expedition. Other varieties were introduced 
from time to time, among them the Mammoth, which 
was introduced previous to 1882. It is largely due to the 
introduction of this variety that the soybean has become an 
important crop in the Southern States and a large percentage 
of the acreage there is still planted to this variety. Between 
the years 1900 and 1920, the United States Department 
of Agriculture introduced about 800 varieties from all 
portions of the Orient. In Europe a number of varieties 
were introduced by Haberlandt of Vienna in 1875, who 
experimented with them for a number of years. The crop, 
however, never obtained any great importance in Europe, 
but is cultivated to a limited extent, especially in France and 
Italy.
 “Beginning with 1908, large amounts of soybeans were 
exported from Manchuria to Europe and the United States. 
The beans were utilized for extracting the oil, which was 
used for various industrial purposes, and the bean cake was 
used largely as cattle feed. This trade has had the effect 
of increasing interest in the soybean crop, especially from 
the standpoint of producing seed. The total yield of seed in 
Manchuria in 1921 was estimated at 4,500,000 tons.
 “Botany.–The erect or nearly erect form of the soybean, 
as cultivated in Japan and Manchuria, is not known to grow 
wild. The nearest wild relative of the cultivated plant is a 
slender-stemmed vining plant with smaller fl owers, pods 
and seeds. This has usually been considered a distinct–
species under the name of Glycine ussuriensis, and occurs 
wild in Japan, Manchuria and China. The Indian varieties 
of soybeans are quite intermediate between this wild plant 
and the Japanese and Manchurian varieties, being for the 
most part rather slender-stemmed, vining, small-fl owered 
and small-seeded varieties. A critical study of an extensive 
series of varieties shows that all inter-grades between the 
wild plant and the cultivated erect forms exist, so that there 
can be but little doubt that but one species is represented. 
The usual botanical designation for this species is Glycine 
soja, but under recent botanical codes it must be changed 
either to Soja max or to Glycine max. If two species are to be 
recognized, then both are cultivated, as some of the Indian 
varieties are much more like the wild soybean than they 
are like the erect Japanese varieties. The large number of 
varieties of the soybean and the great range of differences in 
these varieties indicate a very ancient cultivation.”
 “Importance.–The soybean has been slowly but steadily 
increasing in importance in America during the past thirty 
years.
 “In the past fi ve years the acreage and production have 
been increasing rapidly, especially in the ‘cornbelt’ states. 

From present prospects this acreage will continue to increase 
greatly, especially for seed production. It is now clear that 
American-grown soybeans can compete with Manchuria and 
command prices which over considerable regions make the 
crop more profi table than oats.
 “Statistics.–In 1920 the acreage of soybeans in the 
United States harvested for seed was 190,000 acres and 
the seed production 3,000,000 bushels, an average of 15.8 
bushels an acre. Probably only 20 per cent of the crop 
was harvested as seed, so that the total acreage was about 
900,000 acres. In the past fi ve years the acreage, especially 
for seed production, has greatly increased.
 “Desirable characters in soybean varieties.–As the 
number of soybean varieties is very large, and as new 
sorts are easily secured by crossing, the most desirable 
characters, both for forage and for seed production, need 
to be considered. In this crop as in others, yield is the most 
important single desideratum. Secondary considerations are 
habit, coarseness, ability to hold leaves, color of seed, and 
ease of shattering.
 “An ideal variety for forage should be erect; tall, so that 
the pods are not too near the ground; slender, but without 
tendency to lodge, so as to permit easy mowing; leafy and 
with the ability to retain the leaves late; yellow-seeded, 
as hogs will more readily fi nd such seeds as are shattered; 
non-shattering, a character more common in small-seeded 
than in larger-seeded varieties; disease-resistant, especially 
to nematodes and cowpea wilt, which seriously affect most 
varieties of the soybean.
 “For seed production alone, percentage of oil content 
is second in importance to yield and leafi ness and ability 
to hold leaves of practically no concern. Yellow-seeded 
varieties are, however, preferred for milling.
 A large table (p. 577) shows “Important varieties of 
soybeans and their characteristics.” The varieties are Biloxi, 
Black Eyebrow, Easy Cook, Ebony, Guelph, Haberlandt, 
Hahto, Ito San, Itootan, Laredo, Mammoth, Manchu. 
Mandarin, Midwest, Mikado. Peking, Tarheel Black, Tokio. 
Virginia, Wilson Five, Wisconsin Black. For each variety is 
given: (1) Life period, days. (2) Color of fl ower. (3) Color of 
pubescence. (4) Color of testa. (5) Color of germ. (6) Habit 
(erect or erect-tall) (7) No. of seeds to bushel [ranges from 
75,000 for Hahto to 466,000 for Laredo].
 “Commercial varieties.–At present, 1923, the most 
important varieties of soybeans are the following, the 
approximate percentage for each, of the total acreage, being 
indicated: Mammoth, 40 per cent; Midwest, 15; Ito San, 8; 
Virginia, 6; Manchu, 6; Wilson, 5; Peking, 3; Black Eyebrow, 
2; Wisconsin Black, 2; Biloxi, 1; and Itootan, 1 per cent.
 “These percentages are rapidly changing with the 
increase of soybean culture in the North. The Mammoth 
owes its high position to the fact that it is the dominant 
variety in the region where the culture of the soybean 
became important earlier than in the North.”
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 “Pests.–Soybeans are troubled by very few serious 
enemies. On the whole, rabbits are most troublesome, as they 
are extravagantly fond of the herbage, and where they are 
abundant soybean culture is practically impossible. At the 
Tennessee Experimental Substation at Jackson, rabbit injury 
was much reduced by using scarecrows, to each of which a 
lantern was hung at night.
 “Rootknot caused by a nematode (Heterodera 
radicicola) often injures soybeans considerably, but the 
Laredo and three unnamed varieties are almost immune...”
 “Breeding.–The soybean lends itself readily to 
improvement, and considerable work in breeding is being 
carried on by the United States Department of Agriculture, 
and by various experiment stations. The Ohio Station is 
testing individual plants in duplicate plant row work in much 
the same way that it is testing ears of corn and is fi nding 
decided differences in yield of seed and forage, in tendency 
to shatter and in habits of growth. The Tennessee Station is 
conducting selection work with a number of varieties and 
has found considerable variation in maturity, habit of growth 
and plant characters within the same varieties, so that several 
strains of the same variety are under test. The United States 
Department of Agriculture has done a very considerable 
amount of work toward the improvement of the soybean 
by selection and hybridization. The results of the breeding 
work thus far indicate that it is easily possible to improve the 
varieties now on the market.
 “Soybeans and cowpeas compared.–Inasmuch as 
soybeans are adapted to so nearly the same uses and 
same place in farm rotation as the cowpea, an agronomic 
comparison of the two crops has often been made.
 “The soybean is determinate in growth; that is, it reaches 
a defi nite size and matures. Nearly all varieties of cowpeas, 
on the other hand, are indeterminate, continuing growth 
until killed by frost. With the exception of a few varieties, 
the soybean does not vine, but grows erect or nearly erect. 
Cowpeas, on the other hand, are viny plants, and therefore 
more diffi cult to harvest. Soybeans mature all of their pods 
at one time. Cowpeas continue to produce green pods as long 
as the plant lives.
 “Soybeans will withstand rather heavy frosts, both in 
the spring, when young, and in the fall, when nearly mature, 
while the same frosts are fatal to cowpeas. They are more 
drought resistant than cowpeas, and in a dry season will 
give much greater yields; they will also withstand excessive 
moisture much better.
 “For green manuring or soil improving, the cowpea is 
far more valuable than the soybean, as it will smother weeds 
much more successfully.
 “The value of the hay of the two plants is nearly the 
same. There is frequently doubt as to which is the more 
desirable to grow. On relatively poor soil or when sown 
broadcast, cowpeas are always preferable. When cultivated, 
the soybean will yield the greater return, and if cut late, the 

hay is more easily cured.
 “The feeding value of an acre of soybeans for beef 
cattle was found by the Tennessee Agricultural Experiment 
Station to be about 50 per cent greater than that of cowpeas 
grown on an adjoining acre. This was also approximately the 
difference in yield of the two crops.
 “As a grain producer the soybean is in every way 
preferable to the cowpea, as it produces larger yields of 
richer grain and can be harvested much more easily.
 “The soybean, therefore, is to be recommended above 
the cowpea where intensive rather than extensive farming is 
practicable and desirable.” Address: Agrostologist in Charge 
of Forage Crop Investigations, Bureau of Plant Industry, 
USDA.

741. Wallaces’ Farmer. 1924. Soybean growers in national 
meet: Fifth annual fi eld meeting held at Ames last week. 
49(36):1149, 1152. Sept. 5.
• Summary: “Three hundred members of the National 
Soybean Growers’ Association caught a birdseye view of 
the soybean industry in the United States at the fi fth annual 
meeting of the organization at Iowa State College, Ames, 
August 29 and 30. The meeting heard of the experiences and 
experiments of growers, experimentalists and seed men from 
a score of states.
 “President Morse outlined briefl y the work of the 
association during the past four years. At the time of its 
organization North Carolina had the largest acreage of 
soybeans, while at present Illinois leads with Missouri, North 
Carolina and Iowa following in the order named. The one 
big objective of the association at present, President Morse 
said, is the correlation of experiment station data on the 
introduction of new varieties adapted to various sections, 
methods of planting and cultivation and utilization of the 
crop.”
 Gives a brief summary of each of the papers presented 
at the meeting. The subjects included soybean inoculation 
(W.H. Wright, F.S. Wilkins), breeding experiments with 
soybeans (C.M. Woodworth), supply of soybeans for the 
soybean oil industry (I.C. Bradley of Chicago Heights, 
Illinois), the soybean-wheat combination for northern Iowa 
(J.N. Horlacher), feeding soybeans to dairy cattle (Earl 
Weaver), why Iowa farmers will continue to grow soybeans 
(F.G. Churchill). Churchill noted: “The soybean is the poor 
man’s alfalfa because it will grow on all kinds of soil if you 
will just give it the proper cultivation... No crop which has 
been introduced into this country in the last 25 years has 
increased so fast in acreage and popularity as soybeans.”
 The two varieties that give the best yields for seed 
production are Manchu and Black Eyebrow.
 Note: This is the earliest document seen (Oct. 2007) 
concerning members of the American Soybean Association 
(as this association would later come to be known). Address: 
Des Moines, Iowa.
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742. Etheridge, W.C.; Helm, C.A. 1924. Corn and soybeans. 
Missouri Agricultural Experiment Station, Bulletin No. 220. 
23 p. Sept.
• Summary: “In this bulletin the results of 7 years of 
investigation of the corn-soybean combination are reported. 
The comparative feeding value of corn and soybeans and of 
corn alone, for fattening hogs, is shown in the summary of a 
fi ve-year test. Yields of forage for sheep or cattle, produced 
by soybeans in corn are recorded. The relation of the mixed 
crop to drought, chinch bugs and soil fertility is discussed...”
 “Summary: 1. For the most valuable mixture of corn and 
soybeans, both crops must be planted together in the same 
row at the same time. If the beans are planted late in the corn, 
by any practical method, they are not likely to succeed.”
 “3. There was always a substantial yield of soybeans in 
the corn and this yield was increased by planting the beans 
thick and the corn thin. The yield of beans was sometimes 
even greater than the loss in corn, but more frequently it 
equaled about one-half to three-quarters the corn loss.” 
Address: Columbia, Missouri.

743. Atlanta Constitution (Georgia). 1924. Bacterial cultures 
sale on increase. Oct. 30. p. 17.
• Summary: “Remarkable increase in the sale of bacteria 
cultures for soil inoculation has been noted this year at the 
state department of agriculture. Orders for cultures are now 
reaching the state laboratory at the rate of over one hundred 
a day...” Cultures for over 10,000 acres are expected to be 
sold this year compared with 5,000 acres last year and only 
1,100 acres in 1922. The cultures are sold at cost for 30 cents 
per acre, dropping to 25 cents per acre when ordered in large 
quantities.
 “Fifty-two varieties of bacterial culture are prepared by 
the department for use with different crops.” The majority of 
orders being fi lled now are for clovers and vetch crops. The 
department has prepared a booklet which lists the available 
cultures and describes how soil inoculation should be carried 
out on ten classes of plants: “the medicago group, the 
trifolium, garden pea, cowpea, soy bean, garden bean, Lima 
bean, lupine, Japan clover and unclassifi ed groups.”
 “Soil inoculation has been found to increase the crop 
yield tremendously” in most legumes.

744. Cullison, W.V. 1924. The soy bean and commerce 
(Continued–Document part III). Staley Journal (Decatur, 
Illinois) 8(4):5-10. Oct.
• Summary: (Continued): “Soy Beans and the Farmer: Soy 
beans as a crop can be grown under very much the same 
climatic conditions as corn or cotton. The soy bean is less 
susceptible to frost than corn. Light frosts have little effect 
on the plants when young or even when nearly mature. The 
soy bean resists drought better and is less sensitive to an 
excess of moisture than corn. A planter in North Carolina, 

when asked why so many soy beans were raised in that 
state, replied, ‘They thrive well in a season of drought, and 
in a wet season their growth and production is not reduced.’ 
North Carolina has led in the acreage planted in beans until 
1923, when Illinois gained fi rst place. Although the yield in 
bushels may be from 15 to 20 per cent less than the yield of 
corn, a selling price of 20 cents per bushel over corn would 
make them a profi table crop, especially when the benefi cial 
value of the soybean to the soil is considered, which is 
of vital importance to the farmer, and will continue to be 
more so as the fertility of the land is decreased by continual 
cropping. The acreage planted in soy beans has increased 
from year to year, accompanied by a similar increase 
in the number of inquiries concerning different points 
relative to the possibilities of the bean and the utilization 
of the products derived from it. Most of the Agricultural 
Experiment Stations of the middle west [Midwest] and south 
have issued bulletins on the possibilities of growing soy 
beans in their respective states.
 “Growing the soy bean introduces no special diffi culties. 
Unsatisfactory results are usually due to the lack of 
inoculation or else to the employment of a variety not suited 
to the season or locality. Harvesting the beans by machinery 
is not a diffi cult problem. Several types of machinery have 
been devised for threshing soy bean seeds, which reduce 
greatly the cost of production. The higher yield of seed 
obtained and the planting and harvesting of the crop by 
machinery should enable the American planter to compete 
with the Manchurian product.
 “J.E. Barr, investigator in Marketing Seeds, U.S. 
Department of Agriculture, writing on the subject, ‘Soy 
Beans Mean More Cash,’ says: ‘The value of soy beans 
depends upon the quality of the product and quality means 
sound, clean sock, free from splits, damaged and discolored 
beans, and foreign matter, and of low moisture content.’ 
Discussing the subject further he says, ‘Mills are more 
concerned at present with efforts to obtain a continuous 
supply than they are with fears of over-production. With 
suffi cient soy beans available to keep the machinery in 
operation continually, the cost of manufacturing may be 
reduced, which should be refl ected either in higher prices 
to growers for beans or lower prices for the meal, which 
represents a greater percentage of the total value of the 
products manufactured from soy beans and which must be 
consumed by dairy and other farmers.’
 “Given care, soy bean seed can be stored for long 
periods without loss. The soy bean is less effected by 
destructive diseases and insects than are most other forage 
or food plants. In the last ten years the soy bean has rapidly 
come to the front as one of our important crops and is likely 
in the next ten years to go ahead of oats in acreage.
 “The demand and market for soy bean products, 
especially the oil, is here and now. Whether or not this 
demand will be fi lled by American grown beans, or by 
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beans and oil imported from Manchuria depends upon the 
American farmer.
 “There is no doubt but what many new uses will be 
found for soy bean products. Even the Japanese have not 
exhausted their ingenuity in this fi eld. A Japanese scientist, 
Sato, has invented a new plastic which he has called 
‘Satolite.’ This material is made from soy bean meal and is 
used to make combs, buttons, and anything that is made from 
hard rubber or celluloid.
 “Tried and proved by 5000 years of service, the soy 
bean and its products are ready to be tried and proved again 
by giving profi t to the grower and manufacturer and service 
to the consumer–the ultimate test of commerce.”
 A map (p. 6) of the United States shows “localities 
where the soy bean is being successfully grown.” Almost all 
soybeans in the USA are grown east of the 100th meridian.
 A fl ow sheet (p. 7) shows the “fundamental steps in 
the manufacture of soy bean and meal and some of their 
chief uses. The oil is used for soap, paint, linoleum and 
edible products (butter substitutes, oil for packing sardines, 
and salad oil). The meal is used for cattle feed, fertilizer, 
[defatted] fl our, and vegetable milk.
 A photo (p. 8) shows “Machines which extract soy 
bean oil” (a group of Expellers at the A.E. Staley Mfg. Co.). 
Address: Research Chemist.

745. Morse, W.J. 1924. Re: I attended the fi fth annual fi eld 
meeting of the National Soybean Growers’ Association, at 
Ames, Iowa. Letter to Prof. C.V. Piper, USDA, Nov. 7. 6 p. 
(including 4 pages of program from Ames, Iowa meeting). 
Typed, without signature (carbon copy).
• Summary: “Dear Prof. Piper: Upon my return from my 
western fi eld trip, during which I attended the fi fth annual 
fi eld meeting of the National Soybean Growers’ Association, 
at Ames, Iowa, I advised you that the Association went on 
record as favoring Washington, D.C., as the summer meeting 
place for 1925, with the states of Maryland and Virginia 
cooperating as hosts. The fi nal decision as to the meeting 
place in 1925, however, is decided at the winter meeting 
held in Chicago at the time of the International Stock 
Show. During the past two or three years, while attending 
these meetings, and even while attending State and County 
soybean meetings, I have been approached by prominent 
soybean growers as to holding the annual meeting one year 
at Washington. Nowhere in the country, or perhaps in the 
world for that matter, are so many varieties and so much 
breeding work done with soybeans as at our Experimental 
Farm at Arlington. Those attending the National Soybean 
Growers’ Association meeting every year are enthusiastic 
soybean men and know that the Government is doing a very 
considerable amount of work in the development of new 
varieties suited for conditions throughout the Country. They 
are also aware of the fact that most of the varieties now 
on the market are the results of Government work in the 

introduction of new things from abroad and the development 
of pure lines from these introductions by breeding. I feel 
quite sure from talks with the different growers and offi cials 
of the Growers’ Association, that they will decide upon 
Washington as the meeting place for 1925
 “”The Virginia Crop Association sent Mr. Breeden, one 
of their members, to Ames to attend the meeting and to invite 
the growers to meet in the East in 1925. One year ago at the 
winter meeting, Mr. Oldenburg, of the Maryland Agricultural 
College, invited the Association to meet sometime in the 
East. In view of the sentiment it would seem fi tting that the 
Department of Agriculture, cooperating with the Maryland 
and Virginia colleges and experiment stations, would do well 
to bid the Association at their annual winter meeting, to have 
their fi eld meeting held at Washington, College Park, and Mr. 
Clapp’s farm, near Mt. Vernon, in 1925. Representatives of 
the Maryland and Virginia institutions have approached me 
on the subject, and said they would cooperate to the fullest 
extent in holding such a meeting.
 “I wonder if it will not be possible for you to obtain an 
invitation from the Secretary, the Chief of Bureau, and from 
yourself, to the Soybean Growers’ Association, to hold their 
fi eld meeting in Washington in 1925. I expect to attend the 
meeting which will be held some time during the week of 
the International Stock Show, and would like to present such 
invitations at that time to the Association.
 “I attach herewith the program of the Fifth Annual 
Meeting, which, in addition to the regular program, gives a 
few words of the history of the organization. I might say that 
at the meeting held at Ames there were about 400 members 
present. I feel quite sure that a meeting at Washington would 
bring a good many more than this number.
 “Yours very truly, Agronomist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist [Forage 
Crop Investigations, Bureau of Plant Industry], USDA, 
Washington, DC.

746. Morse, W.J. 1924. Re: Attaching a letter from Mr. Leon 
Canova, Miami, Florida. Letter to Prof. C.V. Piper, USDA, 
Dec. 12. 1 p. Typed, without signature (carbon copy).
• Summary: “Dear Dr. Piper: I am attaching herewith a letter 
from Mr. Leon Canova, Miami, Florida, who is interested in 
soybeans, and with whom I am planning to put out a small 
experimental planting of varieties for this coming season. 
You will note that Mr. Canova is developing considerable 
property in Florida, and offers land for experimental 
purposes to the Government. I have written Mr. Canova 
regarding the soybean work, and advised him that regarding 
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the other matters I was referring the letter to you for 
attention.
 “Yours very truly, Agronomist.”
 Location: National Archives, College Park, Maryland. 
Record group 54–Bureau of Plant Industry, Soils and 
Agricultural Engineering. Subgroup–Div. of Forage Crops 
and Diseases. Series–General Correspondence, 1905-1929. 
Piper, C.V. Box no. 108.
 Sent to Soyinfo Center by Matthew Roth of Rutgers 
Univ., April 2017. Address: Agrostologist [Forage 
Crop Investigations, Bureau of Plant Industry], USDA, 
Washington, DC.

747. Hutcheson, Thomas Barksdale; Wolfe, Thomas 
Kennerly. 1924. The production of fi eld crops: A textbook 
of agronomy. 1st ed. New York, NY and London: McGraw-
Hill Book Company. xv + 499 p. Illust. Index. 23 cm. 
Series: Agricultural and Biological Publications, C.V. Piper, 
consulting editor. [3 soy ref]
• Summary: Preface: This book is designed to meet the 
needs of a standard course in fi eld crops.
 A table (p. 44) shows the yields per acre (of hay in 
tons, and seed in bushels; average of 6 seasons) of different 
soybean varieties tested at the Virginia experiment station. 
The varieties tested are Haberlandt, Mongol, Austin, 
Hollybrook, Virginia, Sable, Chiquita, and Medium Black. 
The highest hay yields came from Austin (3.14 tons) and 
Haberlandt (2.90). The highest seed yields came from 
Haberlandt (27.25 bu) and Mongol (24.58).
 A full-page photo (p. 45) shows a fi eld where a variety 
test is being conducted. “Note differences in degrees of 
maturation.”
 The section on “Shrinkage in grain” states (p. 132): 
“Soybeans.–According to Welton the percentage of shrinkage 
of soybean seed, containing 17.67 per cent moisture at time 
of storage, was 3.76 per cent from Nov. 2, 1911 to Oct. 23, 
1912.
 The section on “The proper stage for harvesting some of 
the principal forage crops” has a subsection on “legumes.” 
Soybeans (p. 146) can be successfully cut for hay over a 
period of several weeks. Generally, they are best harvested 
when the pods are well fi lled and the lower leaves turning 
yellow. At the West Virginia Experiment Station, results 
reported by Dorsey (1918) showed that dry matter increases 
more than three times after blooming until the pods are full. 
“Each constituent studied, except for the protein, was found 
to be highest when the leaves had begun to fall from the 
lower portion of the stems.”
 A table on this same page 146 shows the “Yield of 
various nutrients in soybeans cut in different stages, in 
pounds per acre, at the West Virginia experiment station. 
The columns are: Date of harvest. Maturity (e.g., in bloom, 
or pods forming). Green forage. Dry matter. Protein. Fats. 
Carbohydrates. Fiber. Ash. Note: Protein peaked about 1 

week after all the other nutrients.
 The chapter on “Hay making” has a section titled 
“Practices in curing some of the principal crops.” The 
paragraph on soybeans (p. 160) begins: “Soybean hay can be 
more easily cured than can cowpea hay. However, with these 
two legumes, as with alfalfa and the clovers, the object is to 
prevent the loss of leaves as far as possible.”
 The chapter on “Silage” has a section titled “Crops for 
silage.” Corn and soybeans (p. 164) are considered “the most 
desirable crops for silage purposes.”
 Chapter 44, titled “Soybeans (Soja max)” has the 
following contents: Introduction. World production. 
Production in the United States. Historical. Classifi cation. 
Varieties and their distribution. A table shows, listed 
alphabetically: Barchet, Biloxi, Black Eyebrow, Chestnut, 
Chiquita, Early Brown, Ebony, Elton, Haberlandt, Hahto, 
Hollybrook, Ito San, Laredo, Mammoth Yellow, Mammoth 
Brown, Morse, Tarheel Black, Virginia, Wilson, Wilson Five; 
for each is given the number of seeds per bushel (seed size), 
and the number of days to maturity. Composition. Botanical. 
Uses (incl. oil, hay, silage). Culture: Seeds, time of seeding, 
rate of seeding, depth of seeding, inoculation, methods of 
seeding, time of cutting for hay. Curing soybean hay. Time of 
cutting for seed. Methods of harvesting seed.
 Crops to which a full chapter is devoted: Cereals. Corn. 
Wheat. Oats. Barley. Rye. Buckwheat. Sorghums. Cotton. 
Tobacco. Potatoes. Sweet potato. Peanuts. Some cultivated 
grasses. Clovers. Alfalfa. Soybeans. Miscellaneous crops: 
Cowpeas, millets, vetches, rape, fi eld pea, sunfl owers, 
mangel-wurzels, sugar beets, sugar cane, fl ax, rice. Contains 
a lengthy bibliography (p. 464-77). Also contains many 
interesting black and white photos, many tables, and a few 
maps.
 Thomas B. Hutcheson was born in 1882. Thomas 
Kennerly Wolfe was born in 1892. Address: 1. MS, MSA; 2. 
MSc, PhD. Both: Prof. of Agronomy, Virginia Polytechnic 
Inst.; and Agronomist, Virginia Agric. Exp. Station, 
Blacksburg, Virginia.

748. Johansen, Holger. 1924. Annual report of the Canal 
Zone Plant Introduction Gardens for the fi scal year 1924. 
Mount Hope, C.Z. [Canal Zone]: The Panama Canal Press. 
11 p. See p. 9.
• Summary: In the introduction (p. 3), Johansen states that 
this is the report for the fi scal year ended June 30, 1924. 
In about July 1923 “I was authorized to make a trip to 
Washington, D.C., to visit the Department of Agriculture, 
and I obtained a large number of valuable plants and brought 
them back to the Canal Zone. These plants were the fi rst 
plant inhabitants of the Plant Introduction Gardens. Shortly 
afterwards a number of plants were donated to the gardens 
by the District Quartermaster at Pedro Miguel, these had 
been obtained by him the previous year from Washington, 
D.C.
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 The section titled “Leguminous cover crops” (p. 9) states 
that “None of the following Soy beans grew to satisfaction, 
possibly on account of lack of proper inoculation: Biloxi, 
Laredo, Peking, Tokio, Virginia, Wilson.”
 Note: This is the earliest document seen (Feb. 2009) 
concerning the cultivation of soybeans in the Canal Zone or 
in Central America. This document contains the earliest date 
seen for the cultivation of soybeans in the Canal Zone or in 
Central America (1924). The source of these soybeans was 
almost certainly the Department of Agriculture in the United 
States, which owned the Canal Zone and its gardens at this 
time. Address: Agronomist, Balboa Heights, Canal Zone 
[Panama].

749. Wright, William Harmon. 1924. The nodule bacteria 
of soybeans. I. Bacteriology of strains. II. Nitrogen fi xation 
experiments. PhD thesis, University of Wisconsin–Madison. 
47 p. In: Library of Congress. Catalog Div. A List of 
American Doctoral Dissertations Printed in 1912-1932. 
1925. *
• Summary: Reprinted in Soil Science, Vol. 20, No. 2, Aug. 
1925, p. 95-141. Address: Univ. of Wisconsin.

750. Perkins, Alfred T. 1925. The effect of bacterial numbers 
on the nodulation of Virginia soy beans. J. of Agricultural 
Research 30(1):95-96. Jan. 1.
• Summary: The scientifi c name of the bacteria in soy bean 
root nodules is Bacillus radicicola. A little-considered factor 
which affects nodulation is the number of these organisms 
“present in the substrata. It is but logical to suppose that 
the greater the number of infecting organisms present the 
greater will be the number of nodules produced.” Two tables 
show the “Effect upon nodulation of increasing the number 
of bacteria.” Both show the above statement is true, but 
there is a point of diminishing returns. Address: Dep. of Soil 
Chemistry and Bacteriology, New Jersey Agric. Exp. Station.

751. Wing, Chas. B. 1925. Wing fi eld seeds–From Chas. B. 
Wing. Price list No. 1 (Mail order catalog). Mechanicsburg, 
Ohio. 2 panels each side. Each panel: 22 x 14 cm.
• Summary: The Wing Seed Co. apparently no longer exists. 
However, one of the original partners, Charles B. Wing, 
continues to sell seed on his own–but on a vastly smaller 
scale than the former company. In the introduction he states 
that his brothers “Willis and Joe are gone and I am left to 
carry on alone.
 This 4-page price list consists of an 8½ by 11 inch piece 
of paper folded into halves. The following fi eld seeds are 
offered: Alfalfa, sweet clover, Oderbrucker barley, soy beans, 
and seed corn.
 Concerning soy beans, this leafl et gives a brief history of 
the company’s work with this crop (“It is now about 25 years 
since we began growing this plant”), and discusses culture, 
varieties, inoculation (Nitragin is recommended), and prices. 

Apparently only the Wilson variety is now offered–¼ bushel 
for $0.40, ½ bushel for $0.60, 1 bushel for $1.00, and 5 
bushels for $4.75.
 Location: Bailey Hortorium, Mann Library, Cornell 
University, Ithaca, New York. Address: Mechanicsburg, 
Ohio.

752. Perkins, Alfred T. 1925. Regarding the possible 
adaptation of soy bean Radicicola to a specifi c host variety. 
J. of Agricultural Research 30(3):243-44. Feb. 1. [1 ref]
• Summary: “The soy bean Radicicola organism does not 
tend to become adapted to specifi c host varieties of soy 
beans. The differences in nodulation shown by the several 
varieties of soy beans may be due to some physiological 
difference in the varieties, possibly a difference in ability to 
conduct carbohydrates to the roots or proteins away from the 
roots.” Address: New Jersey Agric. Exp. Station.

753. Wilkins, F.S. 1925. Inoculation increases yield of 
soybeans: Some conclusions from tests of different methods. 
Successful Farming 23:15, 64. Feb.
• Summary: A summary of the research of Prof. W.H. 
Wright, who has charge of agricultural bacteriology at the 
University of Wisconsin. Most of his work is related to 
soybeans. Professor Wright has found that some strains 
of bacteria will satisfactorily inoculate a certain variety of 
soybeans, while other strains will not inoculate that variety at 
all. He fi nds that there is “great variation in the susceptibility 
of different varieties of soybeans to the same bacteria. For 
instance, the Manchu is the most diffi cult variety to inoculate 
of any he has tested; the Wisconsin Black, Ito San, and Early 
Brown are intermediate, while the Black Eyebrow variety is 
the easiest to inoculate of any that have been tested.”
 Cultures for inoculating soybeans can be obtained from 
most seed companies. They are easy to use by following the 
directions on the bottles.
 A photo shows the roots of ten soybean plants, each with 
many nodules on their rots. “Well inoculated legumes yield 
more and are richer in protein.” Address: Iowa Agric. Exp. 
Station.

754. Cates, J. Sidney. 1925. The rising tide of soy beans: 
New light on inoculation speeds along the Gulf-to-Canada 
sweep of the crop. Country Gentleman 90(12):8, 31. March 
21.
• Summary: “People everywhere are just beginning to realize 
that much more of the soy disappointment than previously 
thought to be the case has been due to improper inoculation.” 
W.F. Oldenburg, extension agronomist at Maryland, has 
found that “bacteria strains best suited to the Mammoth 
Yellow will not give good results when applied to earlier 
varieties.”
 By 1925, Country Gentleman was America’s most 
widely read and respected farm magazine. Sidney Cates was 
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an infl uential agricultural writer of national reputation. It was 
Cates who broke the hugely important story on the success 
of the new hybrid-corn in the March 1929 issue of Country 
Gentleman.

755. Keith, B.W. 1925. Soy beans as a soil improver. Rural 
New-Yorker 84(4842):623. April 11.
• Summary: Soybeans will add as much nitrogen per acre as 
10 big loads of good barnyard manure. Address: New York.

756. Moore, R.A.; Delwiche, E.J.; Briggs, G.M. 1925. 
Soybeans–A good legume crop, borrowed from the Orient. 
Wisconsin Agricultural Experiment Station, Bulletin No. 375. 
31 p. April.
• Summary: Contents: Introduction. Soybeans as a stock 
feed. Soybeans for hay. Soybeans provide rich concentrates 
for stock feeding. Soybean oil meal or oil cake. Corn and 
soybeans grown together. Soybeans for silage. Hogging 
off and sheeping off. Soybeans for pasture. Soybean straw. 
Soybeans are a good cash crop. A catch and emergency crop. 
Soybeans improve the soil. Where it is profi table to grow 
soybeans? Soybeans fi t into rotation. Preparing the soil. 
Inoculation necessary fi rst year. Planting with corn. Care of 
growing crop. Harvesting soybeans. Threshing soybeans. 
Storing the crop. The soybean plant. Selecting the variety. 
Tests of soybean varieties. Best varieties for Wisconsin. First 
trials with soybeans at Wisconsin Station.
 Table IV (p. 28) shows average yields of soybeans 
at Madison, Wisconsin, 1917-1924. Varieties tested (in 
descending order of yield): Wis. No. 39 Manchu (19.4 bu/
acre 7-year average), Black Eyebrow (16.1 bu/acre), Wis. 45 
Chestnut, Wis. 51 Ito San, Wis. 47 Elton, Wis. 48 Soysota, 
Wis. 50 Aksarben.
 “Soybeans were fi rst grown at the Wisconsin Station 
in 1901 and have been grown annually since that time” (p. 
28). “Breeding work with soybeans was started in 1902.” 
“It is quite largely through the introduction of soybeans that 
the sand barrens of Wisconsin have been able to maintain 
suffi cient forage to support dairy herds;...” (p. 30).
 “In 1902 several small fi elds of soybeans were started 
with the object in mind of seeing whether or not it was 
profi table to have hogs do the harvesting of the soybeans... 
it was found that gains of a pound a day were secured by 
pasturing soybeans with a fringe of blue grass around the 
plots without other feed.”
 “As early as 1910, soybean centers were established 
at Ellis Junction, Stevens Point, Grand Rapids, and near 
Friendship. In these parts of the state, soybeans were grown 
in large quantities and sold to various farmers living in the 
sandy regions. Eight hundred members of the Wisconsin 
Experiment Association were furnished with soybeans in a 
single year and grew them for seed. Through this method of 
procedure, soybeans were grown in large quantities and seed 
sold to farmers.” (p. 31).

757. Hastings, E.G.; Fred, E.B. 1925. Bacteria feed legumes 
with air nitrogen. Wisconsin Agricultural College, Extension 
Circular No. 185: 20 p. May.
• Summary: Contents: Wild and Cultivated Legumes Use 
Same Bacteria. Legumes Help Increase Farm Inventory. 
How Legumes Differ From Other Plants. Legumes for Feed. 
Legumes for Fertilizers. Legumes Put Air Nitrogen into Soil. 
Legumes Help Grains and Grasses. Why Legumes are Best 
for Green Manures. How Much is a Legume Crop Worth? 
Why Buy Nitrogen? Do Nodules of Different Legumes 
Differ? What are False Nodules? How Do Bacteria Produce 
Nodules? Bacteria Feed the Plant Nitrogen. What is Natural 
Inoculation? The Importance of Cross-inoculation. How 
Far Can Crossing Be Used? When is Seeding With Nodule 
Bacteria Necessary? When Desirable? Do Nodule Bacteria 
Ever Injure the Legume? Bacteria Without the Legume. 
Soil Acidity and Bacteria. Effect of Sunlight and Frost 
on Bacteria. Growing Seed Bacteria. Bacteria in Bottles. 
Bacteria in Soil. Wild Legumes and How to Recognize 
Them.
 This article begins: “The common legume crops in 
Wisconsin are the clovers, mammoth, medium red, alsike, 
and white; alfalfa and the sweet clovers, both white and 
yellow; peas of the fi eld, garden and canning varieties, and 
closely related to them the vetches; the various garden beans, 
the soybeans, the cowpeas. and the lupines. Farther south the 
velvet bean, peanut, and japan clover are familiar legume 
plants.” In illustration shows a pea plant with fl owers and 
pods.
 Page 7: A bar chart shows the pounds of calcium in one 
ton of hay from four legumes and from four grasses. The 
legume hays contain, on average, about 3 times as much 
calcium as the grass hays. The two legume hays richest in 
calcium are: Alfalfa hay 37.2 pounds per ton. Soybean hay 
31.5 pounds per ton.
 Page 8: A 2nd bar chart shows the pounds of nitrogen 
in one ton of hay from four legumes and from four grasses. 
The legume hays contain, on average, about twice as much 
nitrogen as the grass hays. The three legume hays richest in 
nitrogen are: Soybean hay 51.2 pounds per ton. Field pea hay 
48.4 pounds per ton. Alfalfa hay 47.6 pounds per ton.
 Page 12: A full page illustration of a soybean plant 
shows “Distribution of nitrogen in soybean plant.” The tops 
(everything above ground) contain 2.41% nitrogen. The 
nodules alone contain 5.67% nitrogen. The roots without 
nodules contain 1.31% nitrogen.
 Page 17: “Bacteria Without the Legume: The kind of soil 
and its reaction, the temperature and moisture, all determine 
the length of life of the legume bacteria. In a fertile silt loam 
neutral soil, soybean bacteria have been known to live more 
than 18 years, but as a rule the number of legume bacteria in 
a soil free from legumes decreases rapidly after two or three 
years, and in an acid soil the disappearance is even more 
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rapid.
 “Soil Acidity and Bacteria: Since the bacteria of most 
legumes do not long persist in an acid soil, it follows that 
one of the conditions of successful inoculation is proper 
soil reaction. To get the best results from inoculation and, 
in fact, from legume production, the farmer should fi rst 
investigate the acidity of the soil. Not all legumes are equally 
sensitive to an acid condition. For example, soybeans are 
fairly resistant to acid conditions of the soil; red clover has 
medium resistance; alfalfa is very sensitive. In other words, 
a fi eld in which soybeans thrive may give only a fair yield of 
red clover, and may utterly discourage alfalfa, in spite of the 
fact that all three crops were inoculated. Liming of the soil to 
counteract the acidity is the fi rst necessity. On the other hand, 
if liming is not possible, the fi eld may be seeded to legumes 
if a more acid-resistant crop, such as soybeans, is used.”
 Page 18: A photo shows “Effect of inoculation on 
soybeans.” On the left is a Manchu variety soybean plant 
inoculated. On the right is a much small Manchu variety 
soybean plant uninoculated. So inoculation causes soybean 
plants to grow bigger. Address: Madison, Wisconsin.

758. Leonard, Lewis T.; Newcomer, S.H. 1925. The effect on 
nodule-formation and seed-production of growing soybeans 
on soil treated with sulfur dioxide. J. of the American Society 
of Agronomy 17(6):309-12. June. [3 ref]
• Summary: Treatment of soil with sulfur dioxide and 
formaldehyde in 1% concentration showed that nodule 
formation was inhibited on the upper parts of the roots of 
Peking variety soybeans. “Sulphorm”, a combination of 
the two above-mentioned substances, applied in the same 
concentration, did not inhibit nodule formation to the same 
extent.
 No benefi cial effects were noticed in the crops, except 
with Sulphorm, which gave 20% more seed than the average 
of three controls. Address: Soil-Bacteriology and Plant-
Nutrition Investigations, Bureau of Plant Industry, USDA.

759. Wright, William H. 1925. The nodule bacteria of 
soybeans. II. Nitrogen-fi xation experiments. Soil Science 
20(8):131-41. Aug. [2 ref]
• Summary: “In part I it was shown that all strains of 
Pseudomonas radicicola of Soja max are not identical. Each 
of these biotypes, described as type A and type B, varying 
about a mode of its own, must possess protoplasm differing 
in constitution from the other. Such disparity of the strains 
intimates a possibility of variation in nitrogen-fi xing power.
 Concludes that “Different varieties of Soja max do not 
receive the same benefi t when inoculated with a type B strain 
of Pseudomonas radicicola as when inoculated with a type A 
strain.” Address: Univ. of Wisconsin.

760. Wright, William H. 1925. The nodule bacteria of 
soybeans. I. Bacteriology of strains. Soil Science 20(8):95-

129. Aug. Based on his 1924 PhD thesis, Univ. of Wisconsin. 
[43 ref]
• Summary: “As early as 1895, Nobbe and his co-workers 
(33) studied the adaptability of strains of legume bacteria 
from different genera of legume plants, and came to the 
conclusion that the bacteria in the nodules of all legumes 
were strains of the same organism.
 “The investigations of Hiltner and Stormer (24) led them 
to classify the nodule bacteria into two groups. Theirs was 
largely a morphological classifi cation.
 “More recently Burrill and Hansen (6), by a very 
extensive series of cross-inoculations, demonstrated eleven 
groups of the legume bacteria. When arranged according to 
cultural characters, all of the cultures in the eleven groups 
could be placed in only three groups.
 “The nodule bacteria from fourteen different legumes 
were carefully studied by Löhnis and Hansen (30). These 
investigators found it possible to divide their 57 cultures 
into two groups, differing morphologically as well as 
physiologically.
 “The accumulated data at the present time indicate that 
there are at least two morphological types of the legume 
bacteria, viz., small rods with single fl agella, and small rods 
with several peritrichous fl agella.”
 Note 1. The defi nition of peritrichous is having fl agella 
(tail like projections) all over its surface. An example 
of peritrichous is a bacterium with fl agella projections 
distributed all over the body surface.”
 The bacteriology of strains inhabiting the root nodules 
of soybeans is much more complex than suspected. There 
are at least two different groups which, with their distinct 
properties, do not represent different species, but rather 
“distinct biotypes” [varieties, strains], “each of which varies 
around a mean of its own.”
 “Conclusions: 1. Not all strains of Pseudomona 
radicicola of Soja max are identical. The strains studied are 
identical morphologically but are not the same culturally or 
physiologically.
 “2. Two general types of the microorganisms, designated 
as type A and type B, have been studied and described.”
 Note 2: This article is: “Part I of a thesis submitted 
to the Faculty of the Graduate School of the University of 
Wisconsin in partial fulfi llment of the requirements for the 
degree of Doctor of Philosophy.”
 Note 3. Pages 120 (bottom) to 129 contain plates and 
descriptions of those plates.
 Note 4. Neither the word “ineffective” nor the word 
“effective” appear in this article. Address: Univ. of 
Wisconsin, Madison.

761. Proceedings of the American Soybean Association. 
1925-1930, 1935-1940. Serial/periodical. American Soybean 
Assoc. Annual.
• Summary: Volume 1, covering the years 1920 to the fall 
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of 1928, was published in late 1928. Volume 2, covering 
1928-29, was published in 1930. Vol. 3, covering 1930, 
was published in 1931. 1931-34 were never published. The 
American Soybean Association (ASA) held annual meetings 
each year, starting in Sept. 1920. Proceedings of the fi rst 
through 11th annual meetings were published once a year, 
starting in 1928. Most early issues were compiled and edited 
by William Morse of the USDA. Volume 1 contained no 
advertising; the costs of editing, printing and distribution 
were apparently borne by the USDA. Subsequent volumes 
each contained some advertising, which partially offset the 
publication costs.
 In each volume there are many interesting articles 
about soybeans, most of which are not about the American 
Soybean Association. These articles were originally talks 
presented at the annual meeting at a particular place where 
those present gathered. For example, the following articles 
appeared in Vol. 3 on the fi rst of three days at the “Joint 
Meeting of the American Soybean Association and Annual 
Illinois Soybean Day. Agronomy South Farm. University of 
Illinois, Urbana-Champaign.”
 “Wednesday Morning, Sept. 10. Utilizing soybeans on 
the farm. At University South Farm.
 9:00 Music–Male Quartet (R.I. Shawl, in charge)
 9:20 Welcome–Dean H.W. Mumford
 9:30 Making the best use of soybeans in hog feeding–
W.E. Carroll
 10:05 Making the best use of soybeans in feeding beef 
cattle–H.P. Rusk
 10:30 Making the best use of soybeans in feeding dairy 
cattle–W.B. Nevens
 10:55 Machinery best suited for harvesting soybeans–
A.L. Young
 11:15 Cost of producing and harvesting soybeans–R.C. 
Ross
 12:00 Special Soybean Lunch–University South Farm, 
Prepared by ladies of First M. E. Church, Urbana. (Soybean 
fed pork, soybean fed beef, soybean bread, soybean muffi ns, 
baked soybeans, a soybean health drink, soybean ice cream, 
and soybean ice.)
 Wednesday Afternoon, September 10
 1:15 Music
 1:30 Tour University South Farm, inspecting soybean 
experimental work:
 Rates of seeding soybeans–J.J. Pieper
 Soybean diseases–Benj. Koehler
 Soybean hay studies–G.H. Dungan, C.A. VanDoren
 Soybean varieties and dates of seeding–J.C. Hackleman
 Inoculating soybeans–O.H. Sears
 Soybean breeding–C.M. Woodworth
 Soybean insects–W.P. Flint
 Soybean seed and hay shrinkage–W.L. Burlinson
 Wednesday Afternoon, September 10
 5:00 Inspected soybean machinery–Farm Mechanics 

Bldg.
 Special Tour–Urbana Laboratories
 Wednesday Evening, September 10
 The Soybean in Industry–At Home and Abroad
 7:30 Music–Auditorium–U. of I. [Univ. of Illinois] 
Campus
 8:00 Aims and Purposes of the Soybean Marketing 
Association–J. H. Lloyd, Manager, Soybean Marketing 
Association
 Possibilities of Soybean Oil in Industry–Dr. Otto 
Eisenschiml, President, National Soybean Oil Manufacturers’ 
Association.
 Soybeans in the Orient, Illustrated–Prepared by W.J. 
Morse, U.S.D.A. (At that time in Manchuria)
 The 11th annual meeting was held in Sept. 1930, early in 
the Great Depression. Then no proceedings were published 
for the next four years (1931-1934). Publication resumed 
with the proceedings of the 15th annual meeting in 1935.
 Note: There are two publications for the 1935 
proceedings; both are owned by the USDA National 
Agricultural Library (Beltsville, Maryland), One is only 20 
pages (counting the front cover, inside cover, back cover, and 
inside back cover). This publication contains mostly ads and 
administrative-type information. The front and back covers 
are the only two pages with color on them. On the cover, 
the background is black, typeset white, and the soybeans 
are kind of a natural tan color. The other publication is 52 
pages, again counting the 4 cover pages, and contains the 
proceedings articles. It has the blue background, white 
lettering, and tan soybeans. The back cover is the same as on 
the fi rst publication described. So the front and back cover of 
both publications are the only pages with color on them.
 The 1936, 1937, 1938, and 1939 publications each had 
more two-color color pages.
 The last published proceedings were those for the 
20th annual meeting held at the Dearborn Inn, Dearborn, 
Michigan, on 18-20 Aug. 1940, at the invitation of the Ford 
Motor Co. Soybean Digest began publication in Nov. 1940 
as a monthly magazine, the offi cial organ of the ASA. From 
then on, it published news of and selected papers presented at 
the annual meetings. So these proceedings can be considered 
the forerunner of Soybean Digest.
 Note 1. This is the earliest document seen (Oct. 2007) 
that uses the term “American Soybean Association.”
 Note 2. This is the earliest periodical published by the 
American Soybean Association.
 Note 3. This is the earliest document seen (Aug. 2018) 
that mentions “Urbana Laboratories” in Urbana, Illinois. 
Founded by Albert L. Whiting in 1919, it was a maker of 
inocula for legumes, including soybeans.

762. Ayres, W.E. 1925. Soybeans in the Mississippi Delta. 
Proceedings of the American Soybean Association 1:118-21. 
Sixth annual fi eld meeting. Held 1-3 Sept. at Washington, 
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DC.
• Summary: Ages ago the Gulf of Mexico extended to what 
is now southern Illinois. Through the centuries, as it receded, 
the Mississippi River carried into its delta huge amounts of 
dissolved limes, nitrogen, phosphorus, potash, humus, and 
other plant foods, plus fi ne soil particles. This slowly built 
up a great alluvial empire of more than 30 million acres of 
the fi nest land in the world. Today this empire comprises 
parts of Louisiana, Mississippi, Arkansas, Illinois, Tennessee, 
and Missouri. Prior to 1913 the might Mississippi regularly 
overfl owed its banks and replenished the soil. But a series of 
levees now prevents the fl ooding.
 Fortunately the supply of everything but nitrogen 
seems suffi cient to last for many years. “Here is where the 
soybean enters the system. On the Delta Station in 1923, 
plots of corn were grown with and without soybeans. In 
1924, the entire area was planted to cotton. Cotton following 
soybeans and corn produced 732.2 lbs. of seed cotton more 
than cotton following corn alone. Common observation 
indicates positively that cotton following soybeans and other 
leguminous crops is greatly benefi tted by both the humus and 
nitrogen added by them.
 “Planted in corn, Otootan and Laredo soybeans produce 
from two to fi ve tons of forage per acre. If this is pastured 
off and the residue turned under, good crops of cotton may 
be grown for at least four years without further treatment.” 
Other soybean varieties that give good results are Virginia 
and Biloxi.
 Farmers in the Delta are looking for a fi eld harvester 
for soybeans. “With such a machine the empire will keep 
thousands of dollars at home now sent out for seed, and 
become one of the largest soybean growing areas in the 
country. The eleven Delta counties of Mississippi are now 
planting near a quarter of a million acres of soybeans. As 
soon as a suitable harvesters are available this area will 
increase fourfold in a short time.” Address: Delta Branch 
Station, Mississippi.

763. Hackleman, J.C. 1925. The economic value of the 
soybean to northern agriculture. Proceedings of the American 
Soybean Association 1:83-91. Sixth annual fi eld meeting. 
Held 1-3 Sept. at Washington, DC.
• Summary: “The soybean has made a place for itself, and 
is in northern agriculture to stay. Like any new crop in a 
strange land, it is being grown by novices with all degrees 
of success. In spite of such handicaps it has made the most 
phenomenal increase in acreage of any crop now grown in 
the Corn Belt. Jumping from a comparative dot on the map, 
25,000 acres, in the fi ve central Corn Belt states in 1919 
to a noticeable area, 1,189,000 acres, in 1924 constitutes a 
signifi cant change in northern agriculture.
 “The soybean has not enjoyed this unusual adoption on 
Corn Belt farms simply as an experiment nor out of curiosity. 
It is being grown and will continue to be grown by thinking 

farmers because it has many points of economic importance 
in its favor.
 “The crop has at least six valuable assets, each of which 
has contributed its portion toward infl uencing farmers of the 
North Central states to turn so rapidly to the soybean during 
the past six years. Without any reference to the relative 
importance of these factors, they may be enumerated as 
follows:
 “(1) Richest protein-producing grain on the farm.
 “(2) Richest nitrogenous roughage adapted to most 
farms.
 “(3) Adapted to many uses and relished by all kinds of 
livestock.
 “(4) Ranks well as a cash crop.
 “(5) Adapted to wider range of soil types than any other 
legume.
 “(6) Being a legume, has merit as a soil builder.
 “Economical feed production is essential for a profi table 
and a satisfi ed livestock industry. The soybean offers the 
animal husbandryman the most satisfactory Corn Belt-grown 
concentrate now available.
 “Any system of agriculture to be attractive and merit the 
attention of the best citizenry must offer, at least, a system 
of self maintenance. Leguminous roughages are essential to 
profi table livestock production. The soybean is practically 
the only leguminous roughage that can be grown on many 
of the sour, less productive farms of the Corn Belt. Here 
the soybean when intelligently used, is enabling farmers to 
feed profi tably, thus allowing them to purchase limestone 
with which to launch a more permanent program of soil 
improvement.” Tables show: (1) The value of soybeans as 
a home-grown protein feed, compared with corn, oats and 
barley. For each crop is given the average yield (bushels and 
pounds per acre), the protein (percentage in the seed and 
pounds per acre given the average yield), and total digestible 
nutrients per 100 lb and per acre. Soybeans yielding 17 bu/
acre produce 338.6 lb of protein per acre, almost twice as 
much as the other 3 crops.
 (2) Average protein production per acre on Corn Belt 
farms in Illinois. Compares soybeans with alfalfa, red clover, 
oat hay, and timothy. For each crop is given the average yield 
in pounds, percent protein in the crop, digestible nutrients per 
100 lbs., production per acre of digestible protein, production 
per acre of digestible nutrients. Alfalfa has a slight lead over 
soybeans in production of protein per acre (394.32 vs. 374.4 
lb) and in digestible nutrients per acre (1919.52 vs. 1715.2 
lb).
 (3) The value of different feeds, per ton and per bushel. 
Soybean oil meal is worth $86.80, ground soybeans are 
worth $59.60, and linseed meal is worth $50.00.
 (4) Profi tability of various crops in Illinois. For 
soybeans, corn, wheat and oats are given the yield per 
acre, farm price per bushel, credit per acre for roughage 
and pasture, production cost per acre, net profi t per acre. 
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Soybeans are the most profi table ($935 per acre), followed 
by corn ($7.71), oats ($2.96), and wheat ($1.06).
 (5) Does wheat satisfactorily follow soybeans? Yes. 
Planting wheat after soybeans (rather than corn or oats) 
increases the yield of wheat signifi cantly.
 (6) Inoculation of soybeans increases their yields of both 
seeds and hay, and increases the percentage of protein in 
both the seeds and hay. Address: Illinois Agric. Exp. Station, 
Urbana.

764. Meharry, Charles L. 1925. First annual fi eld meeting: 
Camden, Indiana–September 1 [sic. September 3], 1920. 
Proceedings of the American Soybean Association 1:39-42.
• Summary: “Under the auspices of the Indiana Experiment 
Station and with the support of the Crops Extension 
Department and the cooperation of the Farm Bureau of the 
Corn Belt states, a Corn Belt Soybean Conference was held 
at the Soyland Farms of the Fouts Brothers, pioneer soybean 
growers, near Camden, Indiana, Friday, September 3, 1920.
 “Wide publicity by the Agricultural Extension Service 
through circular letters and the agricultural press brought 
together more than a thousand people from Ohio, Illinois, 
Michigan, Wisconsin, Kentucky, Indiana, and the United 
States Department of Agriculture.
 “The forenoon was spent in getting acquainted and in 
inspection of soybean fi elds, corn and beans, and hogs and 
lambs in the fi elds. Seed fi elds of the Indiana Hollybrook 
and Mongol varieties, methods of planting, cultivation and 
inoculation were discussed under the leadership of County 
Agent A.L. Hodgston and W.A. Ostrander of the Indiana 
Crops Extension Service. Fields of corn and soybeans 
were visited where western lambs were harvesting the crop 
and also where hogs were pasturing corn and beans. An 
automobile tour was made over the Soyland Farms, where 
150 acres of seed beans and 200 acres of the corn-soybean 
combination were growing. Several large fi elds grown for 
seed and for hay in the immediate neighborhood were also 
visited.
 “An excellent cafeteria lunch was served at noon by 
the Presbyterian Ladies’ Aid Society. Soybean dishes, such 
as baked soybean salad and roasted, salted soybeans were 
served.
 Note: This is the earliest English-language document 
seen (Dec. 2012) that uses the term “salted soybeans” or the 
term “roasted, salted soybeans” to refer to soynuts.
 “The meeting was called to order after lunch by W.A. 
Ostrander, of the Purdue Soils and Crops Department, who 
was chosen Chairman of the Conference by unanimous 
consent. Mr. Ostrander gave an interesting review of soybean 
demonstration work throughout Indiana and similar work 
developed in adjoining states.
 “A quartette of local soybean growers sang a very 
appropriately worded song: “Growing Soybeans to Get 
Along.”

 “Dr. G.I. Christie addressed the growers, giving 
numerous facts and reasons for the need of improving farm 
rotations by the more extensive use of legumes. He stated 
that about 200,000 acres of soybeans were being grown in 
Indiana and emphasized the practice of hogging and lambing 
off corn and soybeans to reduce production costs and 
improve soil fertility.
 “Prof. W.E. Hangar of Ohio State University told of the 
increasing popularity of the soybean in Ohio and estimated 
that more than 15,000 acres were being grown in 1920. 
Dr. W.L. Burlison of the University of Illinois commented 
on the status of soybean growing in Illinois. Data were 
presented showing the relative yields of soybeans and corn in 
combination.
 “Prof. George Briggs of the Wisconsin Extension 
Service told of the value of the soybean in Wisconsin, 
especially the dairy sections where soybeans were producing 
‘two squirts of milk where one squirt dribbled out before.’
 “Prof. C.R. Megee of the Michigan Agricultural College 
talked on the use of soybeans as a forage crop for Michigan 
farmers.
 “Mr. I.J. Matthews, County Agent of Pulaski County, 
Indiana, presented very interesting data on the cost of 
production of soybeans on a series of farms under his 
supervision. Mr. W.J. Morse, in Charge of Soybean 
Investigations, United States Department of Agriculture, 
gave a review of the soybean throughout the United States, 
elaborating on the breeding and developing of new varieties 
carried on at the Arlington Experimental Farm, Virginia.
 “Short talks were given by prominent soybean growers, 
W.E. Riegel of Tolono, Illinois; C.B. Newton, Bowling 
Green, Ohio; E.F. Johnson of Stryker, Ohio, and Guy 
McKinnis of Camby, Indiana.
 “After discussion, the growers were of the opinion that 
a defi nite organization seemed necessary for the soybean 
industry, and the name, ‘The National Soybean Growers’ 
Association’ was agreed upon. A motion was presented and 
carried that a business session and program be held during 
the coming International Hay and Grain Show in Chicago. A 
motion was made and carried that a National Soybean Field 
Day be arranged for the fall of 1921.”
 A photo (p. 41) shows “The First Annual Meeting of 
the Association at the Soyland Farms, Camden, Indiana, 
Sept. 1920.” The three Fouts brothers, Taylor, Finis, and 
Noah (from left to right, each wearing a hat, coat, and tie) 
are standing in front of a barn on which is written “Soyland–
Taylor Fouts.” Between the three brothers and the barn, 
many farmers are standing in line. Address: Acting secretary.

765. Meharry, Charles L. 1925. Second annual fi eld meeting: 
Illinois–September 1, 1921. Proceedings of the American 
Soybean Association 1:42-46.
• Summary: “The Second Annual Field Meeting of the 
National Soybean Growers’ Association was held on 1 Sept. 
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at the University of Illinois and at the A.P. Meharry Farm 
near Tolono, Illinois, the University of Illinois Extension 
Service, the Champaign County Soybean Growers’ 
Association cooperating in arranging and conducting the 
program. The Champaign County Soybean Association and 
the Champaign County Farm Bureau furnished transportation 
and lunch was served by the Crittenden Unit of the 
Champaign County Farm Bureau.
 “More than 1,600 people representing 35 counties in 
Illinois, 9 counties in Indiana, 3 counties in Kentucky, one 
county each in Missouri, Ohio and Wisconsin and the United 
States Department of Agriculture assembled at the South 
Farm of the University of Illinois, where representatives of 
the Extension Department explained the various soybean 
experiments, and the use and place of soybeans in rotations 
for Corn Belt conditions. Field plot tests of varieties suitable 
for different uses, soil types and latitude were inspected and 
the characters and behavior of each variety discussed. A 
special feature of variety demonstration was a test of sixteen 
varieties secured from each of ten different states... Visitors 
were then shown the work of Dr. Woodworth and others 
who are developing new varieties through selection and 
breeding. Dr. Woodworth discussed quite fully the principles 
of breeding and their application to natural and artifi cial 
crossing.”
 “At 10:30 the visitors started in automobiles for the 
A.P. Meharry Farm near Tolono... After arrival at the farm, 
several hay varieties, Illinois 13-19 (Ilsoy), Virginia, Mongol 
(Mid-west [Midwest]) and others were inspected. Several 
large fi elds of the Manchu, A.K., and Mongol (Midwest) for 
seed production were viewed.”
 “At noon a cafeteria lunch was served in the grove. In 
addition to the regular lunch, the A.P. Meharry Farm served 
a number of soybean dishes, including baked soybeans, 
soybean coffee, soybean milk, and soy sauce. An exhibit 
of soybean products consisting of soybean oil, soybean 
oil meal and fl our, various paints and varnishes, soaps and 
photographs of various operations in the soybean fi eld was 
furnished by County Agent C.H. Oathout.
 “After luncheon President Riegel called the meeting 
to order, and Professor J.C. Hackleman, Illinois Extension 
Specialist in Farm Crops, presided.
 “Mr. Charles L. Meharry welcomed the visitors to 
the A.P. Meharry Farm and spoke briefl y of the place and 
importance of soybeans on the Meharry Farms.
 Mr. Henry J. Waters, former President of the Kansas 
State Agricultural College, addressed the growers on the 
economic distress of the times and the economic situation at 
the close of the World War.
 Professor E.J. Kinney, of the Kentucky Experiment 
Station, told briefl y of the soybean in Kentucky... 
For Kentucky conditions the Mammoth Yellow was 
recommended for forage and the Haberlandt for seed.
 “Mr. Charles Caldwell, soybean grower of Kentucky, 

told briefl y of ten years’ experience with soybeans.”
 “Mr. Taylor Fouts, soybean grower of Indiana, stated 
that he had been growing soybeans for a great many years, 
and emphasized their value as a soil-building leguminous 
crop on poor soils, especially where clover fails. He 
suggested that while corn is King of the midwest crops, the 
soybean would be known as the Queen, when we realize the 
wonderful possibilities and many uses of the crop.
 Note: This is the earliest English-language document 
seen (July 2007) that uses the word “Queen” to refer to the 
soybean.
 “Mr. C.E. Carter, of the Missouri Experiment Station, 
reported on the soybean situation in Missouri... The Morse 
and Medium Yellow (Midwest) are regarded as the best seed 
varieties and Wilson and Virginia as the best forage sorts.
 “Professor George M. Briggs, of the Wisconsin 
Experiment Station, praised the performance of soybeans in 
his state.”
 “Mr. W.J. Morse, of the United States Department of 
Agriculture, gave a general review of the soybean situation 
in the United States. He stated that the interest in soybeans 
has increased very rapidly during the past few years, not only 
in the Middle West, but also on the Pacifi c Coast, in New 
England and throughout the Northern and Southern States.”
 “Mr. O.L. Cunningham, Kentucky, reported that 
soybeans were so generally grown and favored in Fulton 
County that soybean demonstrations were not essential. Of 
the 20,000 acres of corn, at least 16,000 acres were said to 
be planted with soybeans. The Mammoth Yellow variety was 
grown with late corn and the Haberlandt with early corn for 
pasturage. In Fulton County the corn is cut off and the hogs 
allowed to pasture the soybeans.
 “Mr. C.B. Newton, Ohio, reported on soybeans growing 
in Ohio.”
 “Mr. W.E. Riegel, manager of the A.P. Meharry Farm, 
in a brief talk, stated that there was a place for soybeans on 
every farm to produce whatever amount of feed could be fed 
upon the farm, and that farmers should produce their protein 
feed instead of buying tankage, cottonseed meal and other 
high-priced feeds. It was also thought that soybeans should 
be developed as a human food in the United States as already 
had been done in the Orient.”
 “Chairman Hackleman emphasized his belief that the 
farmer should think of the soybean crop as a feed, forage, 
and pasture crop, and as a legume to enrich the soil. He made 
the point very emphatically that farmers should not depend 
on growing the soybean crop for seed alone, and more 
converts are needed to soybeans for their value on the farm. 
When the farmers get this attitude towards the crop, the seed 
crop will take care of itself.
 “A demonstration of threshing soybeans followed the 
program of speakers. Several loads of unhulled beans of 
the 1920 crop were threshed to demonstrate that the proper 
adjustment of an ordinary grain separator is all that is 
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necessary to successfully thresh beans. The growers were 
shown the necessary adjustments and attachments in the way 
of different sized pulleys which reduced the cylinder speed 
without reducing the speed of the remainder of the thresher.
 “The growers and guests after a unanimous vote of 
thanks to the hosts of the A.P. Meharry Farms departed about 
sundown.”
 Four small photos (p. 41) show “The Second Annual 
Field Meeting of the Association at the A.P. Meharry Farm 
near Tolono, Illinois, September 1, 1921.” (1) Men standing 
in a fi eld with silos and barns in the background. (2) People 
and children standing around luncheon tables covered with 
white table cloths. (3) Many men seated on the ground under 
trees, wearing white dress shirts (some wearing straw hats) 
and listening to a speaker. (4) Men standing around talking 
under trees. Address: Acting secretary.

766. Meharry, Charles L. 1925. Fifth annual fi eld meeting: 
Ames, Iowa–August 29 and 30, 1924. Proceedings of the 
American Soybean Association 1:49-52.
• Summary: “The Fifth Annual Field Meeting was held 
at Ames, Iowa, under the auspices of the Extension and 
Agronomy Divisions of the Iowa Agricultural College 
and the Iowa Experiment Station... Soybean growers and 
agronomists from fourteen states assembled at a soybean 
dinner at ‘The Maples.’ After dinner the meeting adjourned 
to the Agricultural Assembly Hall where it was called to 
order by President W.J. Morse. The following papers were 
presented: “Soybean in the South, by Prof. A.F. Kidder 
(Louisiana). “Breeding soybeans,” by Dr. C.M. Woodworth 
(Illinois Experiment Station). “Inoculation studies with 
soybeans,” by Dr. W.H. Wright (Wisconsin Experiment 
Station). Results of inoculation experiments with soybeans, 
by Prof. F.S. Wilkins (Iowa Experiment Station). “Progress 
in the study of soybean grades,” by Mr. J.E. Barr (USDA).
 “On Saturday morning, August 30th, growers again 
met in the Agricultural Assembly Hall for a continuation of 
the program. More papers were presented: Investigations 
to determine the cause of mottling in soybean seed, by 
Mr. E.A. Hollowell (Iowa Experiment Station). “Diseases 
of soybeans,” by Dr. J.B. Kendrick (Indiana Experiment 
Station). “The soybean-wheat combination for Iowa,” by Mr. 
J.N. Horlacker (Iowa soybean grower). “The cooperative 
marketing of soybeans,” by Mr. J.B. Edmondson (Indiana 
soybean grower). “Standardization of varieties,” by Mr. John 
T. Smith (Illinois soybean grower). “The present status of the 
domestic soybean oil industry and future prospects,” by Mr. 
I.C. Bradley (Illinois soybean oil manufacturer).
 “At 10:30 a.m. the meeting was adjourned that the 
growers might inspect the soybean experiments on the 
college fi eld. After luncheon a short program was held under 
the maples on the campus. More papers were presented: 
“Why the Iowa farmer will continue to increase his soybean 
acreage, by Professor F.G. Churchill. “The feeding of 

soybeans to dairy cattle, by Professor G.E. Weaver (Iowa 
Experiment Station). “The future of soybeans in the 
northwest,” by Professor George M. Briggs (Wisconsin 
Experiment Station).
 “At the conclusion of the program the growers were 
taken to the Agronomy Farm where the following soybean 
experiments were inspected: 1. Methods of curing soybean 
hay. 2. Thirty-fi ve varieties compared for hay. 3. Varieties 
of soybeans from different states. 4. Soybean varieties for 
grain production. 5. Methods and rates of planting soybeans 
in corn for hogging down and silage. 6. Methods and rates 
of seeding solid for seed as compared with cultivated rows. 
7. Comparison of width of rows and rate of planting in 
cultivated rows. 8. Two soybean hay crops versus one hay 
crop per season. 9. Soybean inoculation studies. 10. The 
effect of lime and fertilizers on soybeans.
 “After inspection of the soybean fi elds, a demonstration 
of farm machinery most effi cient in the production of 
soybeans was held.
 “A discussion on ‘some machinery the soybean grower 
needs’ led by Mr. W.E. Riegel of Illinois, brought to a close 
one of the most successful fi eld meetings of the Association.”
 A full-page photo shows many people meeting during 
a short program, seated on the grass, under the maples on 
the campus of the Iowa State College. Most are wearing a 
long-sleeved white dress shirt and a necktie; quite a few are 
wearing fl at-brimmed straw hats. Address: Secretary.

767. Meharry, Charles L. 1925. Sixth annual fi eld meeting: 
Washington, D.C.–September 1, 2 and 3, 1925. Proceedings 
of the American Soybean Association 1:52-54.
• Summary: “Soybean growers, representing eighteen 
states and Canada, convened at the Arlington Experimental 
Farm, Virginia, September 1, 1925, for their Sixth Annual 
Field Meeting.” The “growers were welcomed to Arlington 
Experimental Farm by Dr. W.A. Taylor, Chief of the Bureau 
of Plant Industry.” There followed two papers presented by 
Dr. C.V. Piper and Mr. E.C. Butterfi eld. After the meeting 
was adjourned for lunch, “the visitors had an opportunity of 
inspecting an extensive exhibit of soybean products, showing 
the numerous soybean products from the Orient and those 
manufactured in the United States. Charts were displayed 
illustrating the value of the soybean and its various products 
and enlarged pictures showed the manufacture of products in 
China and Japan, and the various ways in which the soybean 
is grown and harvested in the United States.”
 “After lunch, the growers were taken to the fi elds to 
inspect the variety tests, new introductions, inoculation plots, 
time of planting tests, breeding work and method of culture 
plots. Demonstrations were given of the various methods 
commonly used in the culture of the soybean.”
 “The evening meeting was called to order at 7:30 in the 
auditorium of the New National Museum...” The program 
included three motion pictures and seven papers. The 
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second motion picture is titled “Four men and the soybean.” 
The other two are “Uncle Sam, World Champion Farmer” 
and “Sheep in Psalm and Sage.” Note: This is the earliest 
document seen (Nov. 2004) that mentions a motion picture 
about soybeans. Nothing is known about this movie except 
the title.
 “On the second day, September 2, the growers 
assembled on Union Farm, near Mount Vernon, Virginia. 
This farm was originally part of George Washington’s 
estate and played an important part in the early agricultural 
development of this country. It was on this farm that 
Washington carried on his experiments in soil improvement 
and practical methods of farming far in advance of his 
time. Union Farm is now owned by Mr. Harvey S. Clapp, 
a prominent breeder and grower of soybeans. The growers 
inspected Mr. Clapp’s extensive variety, inoculation, and 
breeding plots, and fi elds of different varieties for seed 
production.”
 Five papers were then presented: Welcome to Virginia, 
by T.B. Hutcheson, Virginia. Soybeans in the Eastern states, 
by Nicholas Schmitz, Pennsylvania. Fertilizers for soybeans, 
by G.L. Schuster, Delaware. Relation between the grower 
and the oil mill, by F.A. Wand, Illinois. Seed frauds in 
soybean varieties, by R.W. Hamilton, South Carolina.
 “The after noon was devoted to demonstrations of 
fi eld machinery used by Mr. Clapp in the culture and 
harvest of the soybean. The broadcast soybean harvester, an 
invention of Mr. Clapp’s proved an interesting feature of the 
demonstration. About 3:00 p.m. the growers adjourned to 
visit Mount Vernon, the home of George Washington.
 On the third day, September 3, the growers met at the 
Maryland Experiment Station, College Park, Maryland. Dr. 
A.F. Woods, President of the Maryland State University, 
welcomed the visitors to Maryland.”
 Six papers were then presented: Community growing, 
handling and sale of soybean seed, by J.T. Smith, Illinois. 
Soybeans in Georgia, by W.J. Davis, Georgia. Soybeans in 
the Mississippi Delta, by W.E. Ayres, Mississippi. Small 
grains after soybeans, by W.E. Riegel, Illinois. Putting 
soybeans on the hoof, by Taylor Fouts, Indiana. The soybean 
mottling problem, J.B. Park, Ohio.
 Long summaries of the welcome address by W.A. 
Taylor, and of the many papers presented are given on pages 
54-129. Address: Secretary.

768. Meharry, Charles L. 1925. Fifth annual business 
meeting: Chicago, Illinois–1924. Proceedings of the 
American Soybean Association 1:24-25.
• Summary: “The fi fth winter meeting of the Association had 
been arranged to be held in the Saddle and Sirloin Club. On 
account of a confl ict between the meetings of the extension 
agronomists and the soybean growers, the soybean meeting 
was adjourned to meet with the agronomists in the assembly 
room of the Hotel Atlantic. “President W.J. Morse called the 

meeting to order.
 “The attendance of soybean growers at this winter 
meeting was the smallest of any winter meeting ever held. 
This was undoubtedly due to the fact that the meeting place 
was changed at the last moment.
 “It was urged by Professor G.M. Briggs, Wisconsin, that 
the Association try to get a larger attendance to the winter 
meetings. Practically all of the business of the Association 
is conducted and the offi cers for the ensuing year elected at 
these winter meetings.
 “The matter of a membership fee was discussed by W.A. 
Ostrander and C.L. Meharry. It was moved that a committee 
be appointed by Mr. Morse to consider the feasibility of a 
regular membership with a fee attached and report at the next 
fi eld meeting.
 “There was some discussion as to methods of obtaining 
the cooperation of county agents in getting publicity for the 
fi eld meetings. Professor G.W. Patterson, Virginia, suggested 
that the Virginia Crop Improvement Association aid in 
obtaining the cooperation of county agents in that state.
 “Mr. John T. Smith, Illinois, discussed the relation of 
soybean inoculation to the value of the crop for fertility 
purposes, explaining why wheat is sometimes benefi ted and 
at other times apparently injured. It was shown that a well 
inoculated crop of soybeans usually increases the succeeding 
wheat crop, while a poorly inoculated one is usually 
detrimental. Professor G.M. Briggs, Wisconsin, criticized the 
judging of hay samples of the International Hay and Grain 
Show.”
 “In the election of offi cers for 1925, Professor G.M. 
Briggs moved that the entire list of offi cers of 1924 be 
re-elected by acclamation. The motion was seconded and 
carried. The following offi cers were re-elected: President, 
W.J. Morse, United States Department of Agriculture; Vice-
Presidents, E.C. Johnson, Ohio, and J.L. Robinson, Iowa; 
Secretary, C.L. Meharry, Indiana.
 “A discussion of the meeting place for 1925 was settled 
by the decision that it go to Washington, D.C. A motion to 
adjourn was seconded and carried.”
 Note: This is the third earliest document seen (Oct. 
2014) that mentions E.C. Johnson of Ohio. Address: 
Secretary, National Soybean Assoc.

769. Gleaner and Journal (Henderson, Kentucky). 1925. 
County farmers fi nd soybeans are profi table: Many 
progressive means of harvesting crop have been introduced 
in few years. Dec. 20. p. 8. Sunday.
• Summary: “Henderson county has taken a leading part in 
the producing of soybeans in recent years...” According to 
the county agent, approximately 1,450 bushels of soybean 
seed was sold to local farmers last spring. “This seed was 
used for the planting of 189 acres for seed purposes, 725 
acres for hay and 6,000 acres of corn and beans to be used 
either for hogging down as a winter stock pasture or as a 
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legume to enrich the land... College of agriculture specialists 
have estimated that at commercial prices a rank growth of 
soybeans will absorb as high as $30.00 worth of nitrogen per 
acre from the air.”
 “Many local farmers are growing soybeans for seed 
purposes and using a specially built harvester which 
straddles the rows of beans, threshes off the seed, and leaves 
the stalks standing in the fi elds. Five such harvesters are 
now being used here. Henderson county was the pioneer 
county of the state to use such harvesters purchased the 
fi rst machine last year, this progressive step being taken by 
A.G. Crutchfi eld, of Smith Mills, and the late J.T. Latta, of 
Geneva. This year many Kentucky counties have purchased 
these machines.
 “During this past growing season eighteen varieties of 
soybeans were planted in two variety plats upon the farm 
of Mrs. P.T. Latta, Geneva, and Harrey Gentry, McDonald’s 
Landing. Many farmers visited these plats to note the 
characteristics of the various varieties.” Their general 
conclusions: “Virginia variety for hay on medium to poor 
land; Laredo or Morse for hay on good land; Henderson 
or Haberlandt for hogging down with corn; Mammoth 
Yellow for late hogging down with corn; and Henderson or 
Haberlandt for summer and fall hog pasture.
 “Soybean hay is equal to any for feeding cattle, sheep 
and work stock, and where ground can be used for hog and 
poultry meal. There is a use for this crop on every farm in 
Henderson county and the quicker it is adopted the sooner 
will appreciation and respect for it be felt.”

770. Kinney, E.J. 1925. Soybean project: Junior agricultural 
clubs. University of Kentucky, College of Agriculture, 
Extension Division, Circular No. 94 (Revised). 12 p. Dec. [4 
ref]
• Summary: Contents: Objects. Requirements. Introduction. 
Selecting the plot for soybeans. Manure and fertilizers. Seed 
[varieties]. The preparation of the seed bed. Time of seeding. 
The importance of inoculation. How to inoculate. Sowing the 
seeds. Cultivation. Harvesting soybeans for seed. Harvesting 
soybean hay. Threshing. Storing the seed. Selection of 
exhibits. Club score card–soy beans. Records. The story of 
the project.
 Page 4: Seed: It is best to raise a variety that is well 
known and popular in the state. This makes it easier to obtain 
seed for planting and also gives a better opportunity for 
disposing of any surplus that may be grown.
 “Varieties that may he used are Haberlandt, Lexington, 
Mikado. Midwest and Virginia. Seed should be ordered early. 
This gives the best chance of getting good seed of the variety 
desired and insures the seed being on hand when needed. 
County agents or club leaders will assist club members in 
getting seed.”

771. Rosenberg, V. 1925. Nitrogengyujto szemolcsok 

kepzodese a szojababon [The formation of nitrogen-
fi xing nodules on soybeans]. Koztelek (Common Ground) 
35(74):1112. [Hun]*
Address: Hungary.

772. Funk Bros. Seed Co. 1925. Catalog. Bloomington, 
Illinois. See p. 20-21.
• Summary: Five pages are devoted to soybeans in this 
catalog, compared with only 2 pages the previous year 
(1924). Pages 18-19 give basic information about soybean 
cultivation and varieties under several headings: There 
are many reasons for the increased acreage and spreading 
popularity. Preparation of soil for planting. Time of planting. 
Method of seeding and cultivation. Soy bean varieties (for 
seed, hay, fertilizer, hogging down, or all of these): Manchu, 
Midwest, Ito San, A.K., Ebony, Wilson, Sable, Peking, and 
Virginia. The principal characteristics of each variety are 
given. Harvesting and threshing.
 Page 18 begins: “The greatest proof of the popularity of 
Soy Beans among agriculturists is the tremendous increase 
in acreage in the last fi ve years. In 1919 Illinois grew 16,000 
acres of Soy Beans, 37,000 acres in 1921 and 229,000 acres 
in 1923. Some of the Middle West and Central States that 
could scarcely fi nd a 1,000 acres in the whole State are 
now boasting of from 5,000 to 10,000 acres in one county 
alone. Soy Beans are destined to become one of the Major 
American Crops.” A photo shows a man in a fi eld of soy 
beans.
 Page 20 contains a section titled “Soy Beans for 
Commercial Purposes.” A photo shows a partial view of 
Funk’s newly acquired soy bean crushing plant. “Believing 
that it is essential to the greatest development of the Soy 
Bean Industry, and that a market is assured the grower for 
surplus beans, we have installed a crushing plant at our seed 
house where beans are processed and oil expressed, and in 
this manner converted into valuable products, that already 
have found a favorable market.
 “Soy bean oil is a semi-drying oil having many of the 
characteristics of Linseed Oil and is used in some of the fi ner 
paints and enamels, also refi ned and used in different food 
products.
 “Soy bean oil meal the product left after expressing the 
oil is very rich in protein, very palatable and probably has no 
equal when used in a ration for feeding Dairy Cows, hogs, 
calves, pigs and sheep and in a mash for poultry.”
 Page 21, titled “Soy Bean Inoculation,” notes that 
inoculation is the key to success in growing soy beans since 
“the prime object of the soy bean crop is for a nitrogen 
fertilizer for the soil.”
 A headline atop the page states: “Funk Farms established 
1824. 25,000 acres in our farms.”
 Attached to these pages are photocopies of the pages 
or pages on soy beans from Funk Bros.’ catalogs of the 
following years: 1926 (1 page), 1927 (2 p.), 1928-29 (2 p.), 
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1931 (2 p., including an analysis of the composition of soy 
bean oil meal and an ad for Illini brand soy bean oilmeal), 
1932 (1 p.), 1934 (½ page), 1938 (½ page), 1939 (½ page). 
Address: Bloomington, Illinois.

773. Illinois Agricultural Experiment Station, Annual Report. 
1925. Recent progress in solving some farm problems of 
Illinois. 37:1-196. For the year ended June 30, 1924.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crops: Manchu soybean shows 
promise as a seed producer (p. 28). Investigation started on 
heredity in soybeans (p. 28-30). Soybean inoculation not 
substitute for lime (p. 30-31). Improved nodule development 
on soys is sought (p. 30-31). Soybeans being bred for higher 
oil content (p. 31-32). Selection fails to alter soy composition 
(p. 32-33). Test companion cropping of soys and corn (p. 51-
52).
 Livestock: Soybean meal equal to cottonseed meal (p. 
76; “Already soybean meal in Illinois and neighboring states 
is on a scale that ensures the extensive use of this crop as 
a source of vegetable oils and fats in the near future. An 
important by-product of this oil extractive industry will be 
soybean oil cake, or soybean meal, which, because of its 
high protein content, offers great possibilities as a feed for 
livestock. This possible addition to the available supply of 
nitrogenous feeding stuffs will fi ll a large need, inasmuch as 
the United States as a whole and the corn belt in particular 
are short of feeds of this kind. At the present time the 
standard protein supplement for use in feeding beef cattle is 
cottonseed meal of choice grade.” In this experiment: “Two 
lots of 18 two-year-old Hereford steers of select grade were... 
fed for 105 days. Ground corn, corn silage, and alfalfa hay 
were used as the basic rations for the steers in both lots 
and, in addition, cottonseed meal was fed to one group and 
soybean oil meal to the other.
 “While the steers fed the soybean oil meal made 
somewhat faster and slightly more economical gains than 
those that received the cottonseed meal, the difference 
between the two lots was not large enough to be of practical 
signifi cance. Both feeds proved highly satisfactory when fed 
as they were, and from the results obtained it appears that the 
two have practically the same feeding value. No diffi culties 
were met in getting the cattle to eat soybean meal”).
 Show value of soys for fattening lambs (p. 76-80; The 
“experiment showed that the edible part of soybean hay is 
on a par with alfalfa hay for fattening western lambs when 
fed with shelled corn. However, there was much more 
refuse from soybean hay than from alfalfa hay”). Soybean 
digestibility for sheep studied (p. 82-83).
 Dairy cattle and dairy products: Soybeans prove 
valuable crop for dairymen (p. 110-11). Farm mechanics: 
Better methods sought for harvesting soys (p. 177-78).

774. Wood (T.W.) & Sons. 1925. Wood’s seeds for 1925 

(Mail order, with order form). Richmond, Virginia. 88 p. 25 
cm.
• Summary: Page 74 is titled “Soy or Soja Beans–They 
make poor land good–they make good land better.” Pages 
74-75 discuss: Worth knowing about soy beans (sidebar). 
Feeding value. Sowing with other crops (such as cow-peas 
or corn, to yield a larger crop of forage and give a better 
balanced ration). Culture. Inoculate (with bacteria, such as 
Farmogerm).
 Varieties available: Laredo, Otootan, Tar Heel Black, 
Wilson Early Black, Tokio, Mammoth Brown, Virginia, 
Certifi ed Virginia, Biloxi, Haberlandt, Hollybrook Early, and 
Mammoth Yellow.
 Photos show: A farmer in the middle of a fi eld of 
soybeans (p. 74). A group of soybean leaves and pods (p. 
75).
 This catalog is owned by the Smithsonian Horticulture 
Branch Library in Washington, DC. The call number: 
#53342. The company operates the following departments 
at different addresses in Richmond, Virginia: Offi ces/
Salesrooms, Shipping, Storage, and Branch Stores. Address: 
Richmond, Virginia.

775. Mumford, H.W. 1926. A year’s progress in solving 
some farm problems of Illinois. Illinois Agricultural 
Experiment Station, Annual Report 38:1-191. For the year 
ended June 30, 1925.
• Summary: Soybeans are mentioned on the following 
sections and pages: Soils and crops: Manchu takes lead as 
best soybean seed (p. 32-33). Further tests made on soybean 
as soil builder (p. 33-35). Progress made in tests to improve 
soybeans (p. 35-36). Soybeans found to vary in nodule 
production (p. 36-37). Measure effect of inoculation on soy 
seed yield (p. 37).
 Livestock investigations: Soybean and soft pork 
question being probed (p. 60-61). No losses caused by 
soybean hay fed to ewes (p. 74-75). Test of soybean 
digestibility is extended (p. 75-76). Dairying and dairy 
products: Thickly planted soybeans make best quality hay (p. 
90-91). Legume hays fi ll lime needs of dairy cows (p. 91-
92).
 Fruits, vegetables, and commercial fl oriculture: Vast 
seed marketing business being studied (p. 126-26; 44% 
of the soybean seed is not raised on the farm where it is 
sown). Future of soybean marketing being considered (p. 
127-28; Soybeans “are a relatively new crop in Illinois.” In 
accounting for the 1923 crop of shelled soybeans, 6.6% was 
kept by the growers as seed. The percentages sold to various 
takers were: farmers 28%, seed companies 26.7%, elevators 
10.7%, oil companies 4.5%, and other buyers (mostly farm 
bureaus) 1.8%).
 Farm mechanics: Survey shows machines used in 
soybean growing (p. 141-42; The greatest diffi culties in 
growing and handling soybeans for seed are in harvesting 
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{100}, threshing {72}, cultivation and weeds {36}, planting 
{12}. “Electricity is the newest type of power available to 
the farmer”). Address: Dean and Director of the Station, 
Urbana, Illinois.

776. Riegel, W.E. 1926. How to grow soybeans. Prairie 
Farmer 98(12):32-33. March 20.
• Summary: “Soybeans, like all other comparatively new 
crops have their ups and downs, or rather people react to the 
use of them differently from year to year.”
 “’Do the farmers attempt to manage their business 
safely or do most of the farmers follow the same lines 
without much thinking, doing their jobs just like father and 
grandfather did their farm work?’”
 “My observation has been that more farmers are willing 
to try a new crop like soybeans after a surplus corn crop or 
after a combination of factors which have forced prices very 
low... When the mills can depend on plenty of beans for their 
grind, so that they can furnish defi nite amounts of oil and 
soybean oilmeal, in my judgement [judgment] the price and 
the amount grown will be much more constant.”
 “Successful soybean growing depends very largely on 
only two things–inoculation and keeping the weeds and grass 
out. While we don’t understand much about inoculation, 
we do know that one cannot afford not to have them well 
inoculated.”
 “Harvesting beans for seed has been very unsatisfactory 
in the past but the combine harvester-thresher is solving 
that problem and making the harvesting and threshing very 
simple and satisfactory.”
 A small oval portrait photo shows Mr. Riegel. Address: 
Master Farmer.

777. Wilson, J.K. 1926. Effect on nodulation of 
supplementing the legume bacteria of the soil with artifi cial 
cultures. J. of the American Society of Agronomy 18(3):280-
94. March. [10 ref]
• Summary: On page 292 is a section titled “Experiments 
with soybean.”
 Page 294: Five types of legumes common to New York 
state were grown, including soybeans, peas and alfalfa. “It 
is concluded from experiments conducted in this manner 
that soils may be or may become an unfavorable habitat 
for the various groups of legume bacteria, that the bacteria 
may largely or entirely disappear from soil, that this 
disappearance goes hand in hand with increasing acidity of 
the soil, that the bacteria do not seem to be greatly infl uenced 
by the frequency of the host plant in the rotation, and that in 
acid soils the addition of more bacteria has resulted in the 
formation of a larger number of nodules per plant.” Address: 
Prof. of Soil Technology, Dep. of Agronomy, Cornell Univ., 
Ithaca, New York.

778. Stallings, James Henry. 1926. The form of legume 

nitrogen assimilated by non-legumes when grown in 
association. Soil Science 21(4):253-76. April. Based on his 
1925 PhD thesis, Iowa State College.
• Summary: This paper begins: “That non-legumes, when 
grown in association with inoculated legumes under 
favorable conditions, profi t by the association is a well 
established fact. It is also generally conceded that this 
benefi cial infl uence upon the non-legume is due to some 
nitrogenous substance placed at its disposal by the inoculated 
legume.”
 Yet we do not understand the exact nature of this 
nitrogenous substance. This article will attempt to throw 
some light on this question. Address: Texas Agricultural and 
Mechanical College.

779. Cox, Herbert R. 1926. Soybeans for New Jersey. New 
Jersey Agricultural College, Extension Bulletin No. 55. 4 p. 
June.
• Summary: Contents: Why raise soybeans? How to grow 
soybeans: The soil, seed-bed, time of sowing, methods of 
sowing, amount of seed, inoculation, fertilization (“On 
good land the only fertilizer needed is acid phosphate”), 
harvesting, varieties, in mixtures, silage, soil improvement, 
seed and grain, soiling, pastures.
 “Inoculation (p. 2): If the crop is being grown for the 
fi rst time on a fi eld, the seeds should be inoculated. Although 
soybeans will make a better growth without inoculation than 
alfalfa or sweet clover, especially on good land, it usually 
pays to inoculate the crop. This is especially true for the 
reason that there is no other crop or wild plant in New Jersey 
which takes the same inoculation as soybeans. Cultures may 
be used or the ‘soil and seed’ method may be employed. The 
latter method consists in slightly moistening a bushel of seed 
and then stirring in a quart of soil from an old soybean fi eld.”
 “Varieties (p. 3): When the crop is raised for hay, the 
question of variety is not as important as when it is raised for 
seed. There are differences in the varieties for hay purposes, 
however, and it is well to consider them. Wilson is the 
favorite in this state, and for southern New Jersey there is 
none better. Virginia, Peking and Haberlandt are varieties of 
about the same growing season as Wilson and are also good. 
For central Jersey and north Jersey, these same varieties are 
good for planting not later than early June. For later planting 
in that territory, it is probable that a little shorter season 
bean should be used. The Manchu and Ito San are varieties 
that offer promise under such conditions. If the question of 
price is important it is sometimes a good plan to used mixed 
soybean seed.”
 “In mixtures: Soybeans and Sudan grass make a good 
hay mixture, being a little easier to cure than soya alone. 
This is a good general purpose hay for cows and horses, A 
good rate of sowing is 50 pounds of soybeans and 10 pounds 
of Sudan grass per acre. The soybean seed may be put in 
the grain hopper of the drill and the Sudan grass seed in the 
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grass-seed hopper. After this mixture is mowed, Sudan grass 
generally makes a renewal growth.”
 Photos show: (1) Harvested soybean plants in piles for 
hay on a New Jersey dairy farm. (2) Two men with a tractor 
in a fi eld of soybeans; one man is disking down soybeans as 
a green manure crop. Address: Specialist in Agronomy, New 
Brunswick, NJ.

780. Gioebel, Gunnar. 1926. The relation of the soil nitrogen 
to nodule development and fi xation of nitrogen by certain 
legumes. New Jersey State Agricultural Experiment Station, 
Bulletin No. 436. p. 1-125. June. [181 ref]
• Summary: A superb history of the subject and review of 
the literature. This was originally his “thesis submitted to 
Rutgers University in partial fulfi llment of the requirements 
for the degree of Doctor of Philosophy, May 1, 1925.”
 Contents: Introduction. Historical: Process of nitrogen 
fi xation, Amounts of nitrogen fi xed, Distribution of nitrogen 
in tops and roots of legumes, Effect of growth of legumes 
on the nitrogen balance of the soil, The infl uence of various 
factors on nodule development and nitrogen fi xation, 
Discussion of factors controlling nodule formation, Theories 
of depressive infl uence of nitrates, Theories of immunity.
 Experimental: Procedure, Preliminary experiments, 
Vegetation experiments with alfalfa, Vegetation experiments 
with soybeans.
 Discussion. Summary. Bibliography.
 The author found that if Rhizopus japonicum was kept 
in contact with high concentrations of sodium nitrate, its 
capacity to form nodules on the soybean plant was not 
affected, and the number of nodules on the roots of the 
soybean plant was not markedly reduced, even when the 
values were corrected for different sizes of plants, but the dry 
weights of the nodules were decreased in proportion to the 
level of combined nitrogen.
 Wilson (1940, p. 121) notes that “the results of Giöbel... 
suggest that fi xation occurs even in the presence of an 
excess of combined nitrogen, but several objections can 
be raised against this interpretation. Giöbel determined the 
quantity of nitrogen fi xed by subtracting the total nitrogen 
in uninoculated controls, which had been supplied with 
varying levels of sodium nitrate, from the corresponding 
inoculated cultures. Since the soybeans were grown in open 
containers under nonsterile conditions, algae developed 
in all the cultures; as a result the nitrogen balance of the 
uninoculated controls showed defi cits of from 15 to 40 mg. 
Obviously the values given in Table 12 for nitrogen fi xed 
are only approximate. Furthermore, since the sodium nitrate 
was added periodically, the added nitrogen may have been 
completely utilized at times, especially during the fi rst 
month. There is no proof that combined nitrogen was always 
present, so the data can hardly be used as evidence that 
fi xation occurs in the presence of sodium nitrate.” Address: 
PhD student, Rutgers Univ.

781. Loehnis, F.; Leonard, L.T. 1926. Inoculation of legumes 
and nonlegumes with nitrogen-fi xing and other bacteria. 
Farmers’ Bulletin (USDA) No. 1496. 27 p. Aug.
• Summary: Summary: “By the cultivation of legumes large 
quantities of nitrogen can be obtained from the air, but for all 
cultivated nonlegumes the nitrogen present in the soil alone 
is available.
 “Nitrogen fi xation from the air takes place only if the 
legumes harbor the proper bacteria in their root nodules.
 “These nodules are usually found on native and 
commonly cultivated legumes, whereas legumes planted for 
the fi rst time in a locality remain frequently without nodules 
because of the absence of their bacteria.
 “Legumes without well-developed root nodules as a 
rule do not attain a fully satisfactory development. Artifi cial 
inoculation with their specifi c bacteria is advisable in such 
cases; but proper tillage, together with the application of 
lime, phosphate, and potash, deserves equal attention.”
 “Introduction: The fi rst experiments in the inoculation 
of legumes were made in Europe about 40 years ago, and 
similar tests with nonlegumes followed some 10 years later. 
In most cases the results of these early experiments were not 
satisfactory, and it was evident that thorough investigations 
of the inoculation of legumes were urgently needed. These 
were begun by the United States Department of Agriculture 
in 1901, and during the next 10 years so much scientifi c 
work along these lines was conducted in America as well as 
in Europe that every year increasing numbers of cultures for 
the inoculation of legumes were sent out to farmers and used 
by them to great advantage. Several investigators in Europe 
tried to get similar results by the inoculation of nonlegumes, 
but failed.
 “Between 1902 and 1913 a number of publications 
were issued by the United States Department of Agriculture 
to spread among the farmers accurate knowledge of this 
new method of increasing the yield of crops at a very 
moderate cost and also to point out to scientifi c workers 
the precautions that must be observed in order to obtain 
satisfactory results. All these publications are now out of 
print.”
 Also discusses: Lupine and their bacteria (p. 8). 
Legumes inoculated by cowpea bacteria (incl. kudzu and 
peanuts, p. 9).
 Soy-bean bacteria (p. 9). “The soy bean, unlike any of 
the foregoing crops, is associated with bacteria not related 
to any of the commonly known strains. This, together with 
the fact that soy beans have been grown extensively for only 
25 years in this country, indicates the necessity for artifi cial 
inoculation when planted for the fi rst time. In many sections 
of the South, however, soy beans require no inoculation since 
they have been grown there for some time.”
 Photos show: (1) Nodules on the roots of soy beans, 
alfalfa, vetch, cowpeas, and lima beans (p. 3). (2) Three 
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soy-bean roots, with different location of nodules. (3) A well-
inoculated peanut plant (p. 18). Address: 1. Formerly Senior 
Bacteriologist; 2. Assoc. Physiologist. Both: Offi ce of Soil 
Bacteriology, USDA Bureau of Plant Industry.

782. Morse, W.J. 1926. The distribution of soybeans in 
the United States. Proceedings of the American Soybean 
Association 1:132-37. Seventh annual fi eld meeting. Held 
9-12 Aug. in Mississippi.
• Summary: “The soybean, according to our earliest records, 
was fi rst grown in the United States in 1804 and until about 
1880 was considered chiefl y as a curious plant from the 
Orient. Since about 1880, when the soybean was fi rst looked 
upon as having agricultural possibilities, the crop has greatly 
increased in acreage, production and utilization.
 “Available statistics show that about 500,000 acres of 
soybeans were grown in 1917 and more than 2,500,000 
acres in 1924. The production of seed increased from about 
3,000,000 bushels in 1917 to more than 9,500,000 bushels in 
1924. The statistics for 1924 also show that about 1,200,000 
acres were grown for hay, about 1,000,000 acres for 
pasturage and silage, and more than 500,000 acres for seed.”
 Note 1. This is the earliest document seen (June 2017) 
which states that about 500,000 acres of soybeans were 
grown in 1917.
 Note 2. This is the earliest document seen (June 2017) 
which states that about 2,500,000 acres of soybeans were 
grown in 1924.
 “What has been the cause of this marked increase 
in acreage and utilization of the soybean crop? The 
development of varieties, adapted to a wide range of 
conditions and uses, undoubtedly, has been one of the 
most important factors. The number of varieties has been 
increased extensively in the past fi fteen years. Soybeans 
vary widely in their adaptation to climate and soil. Some 
varieties are especially suitable for fertile land, others 
for less productive land; some for a seed crop, others for 
forage; some for planting with corn for pasturage or silage, 
others for planting with sorghum or Sudan grass. One may, 
however, fi nd a few varieties or even a single variety adapted 
to the climate of a certain section, which will fi ll all of the 
local requirements of the crop.
 “Other factors, such as improved methods and greater 
use of inoculation, improved and more economical 
methods of planting, culture and harvest, and successful 
results in extensive feeding trials by experiment stations, 
without doubt, have played no small part in extending the 
popularity of the soybean. A careful study of the history of 
the development of the soybean in the United States shows, 
however, very clearly that increased acreage and utilization 
of the crop has followed increased development of varieties.
 “At this point–for it fi ts well into a logical discussion 
of the adaptability and distribution of the soybean in our 
country–I wish to pay a brief tribute to a man, who, more 

than two decades ago, very frequently prophesied that the 
soybean would, in the not distant future, be one of our major 
farm crops, especially in the eastern half of the country. 
I refer to Dr. C.V. Piper of the Offi ce of Forage Crops of 
the United States Department of Agriculture, who passed 
away last February. Dr. Piper was responsible for the many 
hundreds of introductions received from the soybean regions 
of the Orient. Not only was Dr. Piper interested in the 
development of new varieties, and he held this of the greatest 
importance, but he also urged a greater utilization of the 
soybean, as an oil crop, for human food in various forms, and 
a more general use for pasturage and forage purposes. We, 
of the Association, owe much to Dr. Piper, and I know of no 
greater tribute to the man than to carry on his work and fulfi ll 
his prophesy.
 “Previous to 1907 not more than eight varieties of soy 
beans were grown in the United States. In the Southern 
States, principally North Carolina, was the Mammoth 
Yellow, and in the North–Indiana, Illinois, Ohio and a few 
sections in New England, Wisconsin, and Michigan–were 
the Ito San, Buckshot, Ogemaw, Black Beauty (Ebony), 
Medium Yellow (Midwest), and Medium Green varieties, all 
of which were quite limited in adaptation to soil and climatic 
conditions, and to use. At the present time about forty-fi ve 
varieties are handled by growers and seedsmen and the 
Mammoth Yellow is the only one of our early introduced 
varieties grown to any appreciable extent.
 “The culture of the soybean is confi ned at present, 
almost entirely, to the eastern half of the country. The states, 
however, bordering the west bank of the Mississippi River 
are increasing their soybean acreage. The distribution and 
adaptability of the soybean, perhaps, will be more clearly 
understood if we draw a line from Canada through the 
center of North Dakota, South Dakota, Iowa, Kansas, and 
Oklahoma, which is about the 99th meridian west. Then from 
the Atlantic Ocean at the northern border of North Carolina 
let us extend a line west and along the northern borders of 
Tennessee, Arkansas, Oklahoma, New Mexico, Arizona, and 
take in the southern third of California. We now have the 
country divided into four sections, the northeast, southeast, 
northwest and southwest.
 “Northeastern Section: The greatest increase in 
acreage and utilization has been in the northeastern section, 
especially in the Corn Belt area. As yet the soybean is not 
extensively grown in the New England States, and very little 
seed is produced, the seed for planting coming from the seed 
producing sections of Delaware, Ohio, Indiana, and Illinois. 
In this region the soybean is used mainly for pasturage, hay 
and ensilage, although considerable quantities of seed have 
been crushed during the past two or three years for oil and oil 
meal in the Corn Belt states. Food companies in this section 
have for several years manufactured special soybean fl our 
products. Such concerns have increased to a considerable 
extent during the last few years. Soybeans are now being 
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made into breakfast foods, soy fl our, soy sauce, bean curd 
and special fl our preparations for various purposes. Two of 
the most recent developments are the manufacture of soy 
sauce and bean curd. Soy sauce, especially, has found a very 
favorable and extensive market throughout the United States.
 “We can divide this section into three regions, namely: 
northern, central and southern, basing the division on the 
maturity and use of the varieties most generally grown.
 “Northern Region.–In this region, the Mandarin, 
Wisconsin Black, Minsoy, and Soysota will under normal 
conditions mature seed. For hay, pasturage and silage, later 
varieties may be used as full maturity of the crop is not 
essential. The forage varieties most generally grown are 
the Black Eyebrow, Ito San, Manchu, Wisconsin Black and 
Mandarin.
 “Central Region.–Varieties for seed production are Ito 
San, Dunfi eld, Elton, Habaro, Manchu, and Black Eyebrow. 
For hay, silage and pasturage, the varieties generally used are 
Illini, Black Eyebrow, Peking, Wilson, Midwest, Mansoy and 
Virginia.
 “Southern Region.–The most suitable varieties for seed 
are Illini, Haberlandt, Lexington, Mansoy, Midwest, Morse, 
and Dixie. The Ebony, Herman, Ilsoy Illini, Laredo, Peking, 
Wilson and Virginia are good forage varieties.
 Southeastern Section: In the southeastern section we 
fi nd the oldest and largest seed producing section of the 
country. For many years, North Carolina has led all other 
states in acreage and production of seed, the eastern counties 
being especially adapted to seed production. The acreage 
and utilization of the soybean is not so extensive as in the 
northeast region but with the new varieties being distributed 
indications are for a much greater utilization and increase 
in acreage. At the present time the soybean is used most 
extensively for pasturage and for hay. In years of surplus 
seed, the cottonseed oil mills of North Carolina have crushed 
more or less seed for oil and oil meal. With suitable varieties, 
the crushing of soybeans by southern cottonseed oil mills 
should become an important industry throughout the Cotton 
Belt states.
 “In view of the fact that the varieties for the southeastern 
section are not so numerous and the lines of maturity not 
quite so marked as in the Northeast section, two divisions are 
suffi cient–northern and southern regions.
 “Northern Region.–Varieties suitable for seed production 
are the Dixie, Chiquita, Haberlandt, Herman, Mammoth 
Yellow and Tokio. The Laredo, Virginia, Goshen Prolifi c, 
Herman, Old Dominion, George Washington, Otootan, 
Tarheel Black, and Mammoth Brown and Biloxi are most 
generally grown for forage purposes.
 “Southern Region.–The same varieties grown for seed 
in the northern region are also used in this region with the 
exception of the Biloxi, Otootan, and Barchet which are 
rather late and adapted only to the southern part for seed. 
For pasturage, hay and ensilage the same varieties are used 

as in the northern region” (Continued). Address: USDA, 
Washington, DC.

783. Morse, W.J. 1926. The distribution of soybeans in the 
United States (Continued–Document part II). Proceedings of 
the American Soybean Association 1:132-37. Seventh annual 
fi eld meeting. Held 9-12 Aug. in Mississippi.
• Summary: (Continued): “Northwest Section: Extensive 
variety trials have been conducted throughout this region 
but with only successful results in the Willamette Valley in 
Oregon. Varieties as the Dunfi eld, Wea, Manchu, and a few 
unnamed early selections from Manchuria have given the 
best results for forage and seed production. Due to climatic 
conditions, it is doubtful if the soybean will be grown very 
much outside of Oregon. “Southwest Section: The soybean 
is of value in many of the irrigated sections of the southwest 
region as indicated by numerous variety tests. In the irrigated 
districts of California, especially the orange section and the 
river valleys of Arizona, the soybean has proved a valuable 
summer cover crop. In California, the Virginia variety has 
given best results while in Arizona, the Otootan and Laredo 
are used mainly. Variety tests in eastern New Mexico show 
that the soybean has possibilities for forage and seed.
 “In California and Arizona the soybean seldom 
develops seed normally, although an excellent growth of 
forage is produced. This abnormal development of seed is 
undoubtedly due to the prevalence of extremely hot weather 
during the period when the seed is forming. Seed must be 
imported from the southeastern section. It is rather doubtful 
if the soybean will ever be extensively grown in this section, 
although continued research may fi nd better adapted varieties 
and a solution of the seed development problem.
 “I believe that doubt no longer exists as to the high value 
of the soybean and its products to American agriculture. It 
is not likely that the soybean will become one of our major 
fi eld crops for forage purposes alone. It will, no doubt, 
continue to grow in importance as such but indications 
are that the future increase in acres will be largely for the 
production of oil and oil meal. Oil mills in the Corn Belt 
states and cottonseed oil mills in the Southern States have 
crushed fairly large quantities of domestic grown beans, and 
found ready markets for the oil and oil meal.
 “Increased acreage and greater utilization of the crop 
have brought about more effi cient methods and new or 
improved machinery in the handling of the soybean crop. 
The development of more economical methods of harvesting 
and threshing has been one of the serious problems in the 
production of soybean seed. Many types of machines are 
now available, ranging from the single row harvester and 
broadcast harvesters of the beater type to the combine 
harvester used in the harvesting and threshing of wheat and 
other small grains.
 “Numerous state experiment stations have made 
extensive investigations of the different feeding problems of 
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the soybean. Feeding tests of silage, hay, grain, pasturage, 
and oil meal have shown the high value of the soybean and 
its products for all kinds of farm livestock. Outstanding 
results in these experiments have been obtained from the use 
of mineral mixtures with the grain and oil meal, especially in 
feeding tests with swine and poultry.
 “The soybean has advanced in the last decade from the 
place of a substitute crop to one of major importance. It is 
now grown in the regular rotation for hay, grain, pasturage, 
and with corn as silage. The many uses of the soybean in 
the manufacture of food products, oil and oil meal and the 
more general utilization for forage, pasturage, and ensilage 
point to the high potential value of the crop, and its greater 
agricultural development in America.” Address: USDA, 
Washington, DC.

784. Sapp, C.H. 1926. What can we believe? Pennsylvania 
Stockman and Farmer 50:570. Sept. 25. [1 ref]
• Summary: After reading Mr. Zinn’s soy bean story in the 
August 7th Stockman, I asked my farmer son, ‘Does the 
growing of a soy-bean crop increase the fertility of the soil 
so that succeeding crops will yield better than they otherwise 
would have done?’ He promptly answered. ‘Certainly. At 
least that is the teaching of the experiment stations and the 
alleged experience of many agricultural writers.’
 “Then I began reading to him Mr. Zinn’s story in which 
he quotes a correspondent as saying, ‘I am not having good 
results with grass on land where I have grown soy beans 
for hay, especially clovers, and more noticeably where 
more than one crop of bean hay has been grown, though not 
successively.’ Then my son interrupted with the question, 
‘Did he inoculate the beans?’ And I had to answer, ‘We are 
not told.’
 “I continued to read Mr. Zinn as saying, ‘It may be 
that we will have to revise our teaching in regard to the 
soy bean being a great soil builder. Many farmers say they 
have proved beyond a doubt that soy beans will improve the 
land, while many other farmers claim that crops do not do 
well for them when sown after soy beans’ and experiment 
station director C.G. William’s letter saying, ‘Let me say that 
not only our wheat yields have been low after soy beans, 
but quite frequently the clover yields have been lower in 
rotations which contained soy beans in place of oats. The 
wheat yields have been lower because of less nitrates in the 
soil following soy beans than in other rotations. The cause of 
lower clover yields is under investigation.’
 “Getting Mixed: Then my listener asked, ‘What, then 
can we believe?’ evidently intimating that the teachings 
of the experiment stations are not to be relied on, or that 
they are sometimes misleading to say the least. And I 
wonder what the answer to his question should properly be 
Personally I have always believed that the teachings of the 
experiment stations could be of very great advantage to those 
farmers who would diligently and faithfully apply them to 

the attempted solution of the problems of crop rotation. And 
I have as yet seen no reason to change that opinion. In scores 
of cases I have seen valuable results come to those who have 
carefully followed the instructions that the experimenters 
have given. And on the other hand, I have known anticipated 
favorable results to fail to materialize to the disappointment 
of one who had been trying to secure them by following the 
suggestions of the experiment stations. I am sure that if we 
could fully know all the conditions that prevailed in any one 
case of these failures we would discover that the teachings 
of the experiment stations were not really responsible for the 
undesirable results.
 “It is probably true that is some instances the stations 
have given out conclusions which they have formed from 
their observations covering a comparatively short period 
of experimentation in a particular line of work, which later 
observation over a longer period of time have [sic, has] 
shown to be erroneous in whole or in part. But my reading 
has shown that in giving out these preliminary and premature 
conclusions the teachers have been careful to state that 
they were of that nature and that later developments might 
lead them to change their conclusions in a greater or less 
degree. They have also been careful to state the condition 
of the soil, its previous care, its state of fertility and other 
matters under which the trials were made, and which might 
be an infl uence for the good or the bad in the results in the 
particular case. The careless reader, ‘whose name is legion,’ 
and to which class very many of us belong, will often get the 
main facts of the story as they seem to him to be, and fail to 
realize the necessary details of the conditions under which 
the experiment was originally made. If under such neglect 
expected results are not received the experiment station 
should not be blamed.
 “A failure: Some few years ago a neighbor sowed 
soy beans on a trial plat of about one acre. It was a low, 
undrained tract of not very fertile soil, not at all well suited 
to the crop. Moreover, it was well fi lled with weed seeds. 
The season proved a wet one and naturally the beans did not 
grow thriftily. But the weeds put in a speedy appearance and 
soon so crowded the beans that they mark no crop worth 
harvesting. Had the planter studied the teachings of the 
experimenters he would have learned that such conditions of 
soil and surroundings were not favorable to even a fair crop 
of soy beans, and that his neglect to obey the instructions that 
he might have received was really the cause of his failure.
 “I gave this as an example of how we often make 
failures in our attempts to improve our farm practices 
in accordance with the advice of our experiment station 
workers because we fail to carry out those instructions in 
complete detail. I might recite many other examples of a 
similar nature that have come under my observation. Of 
course there have been occasions where all the details of 
the instructions have been carried out to the best of the 
farmer’s ability where the results have not been up to the full 
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average measure of the success that had been attained at the 
experiment station through a series of years, and where no 
one has been able to tell the reason why.
 “Nature sometimes has ways thwarting our best 
endeavors, ways were not in evidence in the seasons of the 
experimentations. And these occasional ways, unknown, 
unexplained and often unrecognizable in the present state of 
human intelligence, are left out of consideration when we 
unwittingly and unnecessarily criticize the conclusions of the 
experimenters. They are really our servants who are studying 
the ways of nature and honestly endeavoring to point out the 
way to better systems of crop production. Let us honor them 
and believe that their teachings are founded on the truth as 
their study has been able to reveal them.”

785. Erdman, Lewis W. 1926. Studies on inoculated 
soybeans. I. The importance of determining the number and 
size of soybean nodules for evaluating relative effi ciencies 
of two or more cultures. J. of the American Society of 
Agronomy 18(9):799-804. Sept.
• Summary: Table 1 shows “the number, size, weight, 
and total nitrogen content of soybean nodules from four 
varieties” (Midwest, Peking, Dunfi eld, and Manchu). 
“Although the total number of nodules of the different sizes 
which were used varied considerably for each variety, the 
average weight of each nodule in the small, medium, and 
large groups was very nearly the same for all four varieties. 
Exceptions to this statement may be noted in the case of the 
small and large Peking nodules.” Address: Soil Bacteriology 
Labs., Iowa Agric. Exp. Station, Ames, Iowa.

786. Mumford, H.W. 1926. A year’s progress in solving 
some farm problems of Illinois. Illinois Agricultural 
Experiment Station, Annual Report 39:1-184. For the year 
ended June 30, 1926.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crops: Promising strain found 
in search for better soys (p. 29-30; strain A.K. 3, or Illini, 
is better than Ebony. A pure-line selection from the A.K. 
soybean variety, it gave the highest yield this year in the 
variety test on the South Agronomy Farm. In a cross between 
Sable and Manchu, yellow seed coat proved to be dominant 
to black).
 Illini soybean now leading one in variety tests (p. 30-31; 
it made an average yield of 50.9 bushels/acre on two plots in 
variety tests made during the past year by J.C. Hackleman 
and W.L. Burlison. Other varieties tested: A.K. A.K. 2 
{second best yield, 48.2 bu/acre}, Aksarben, Arlington, 
Black Eyebrow, Columbia, DeKalb, Dunfi eld, Ebony, Elton, 
Haberlandt, Hamilton, Hong Kong, Hoosier, Hurrelbrink, 
Illinois 13-181, Ito San, Lexington, Manchu, Midwest, 
Mikado, Morse, Peking, Virginia, Wea, Wilson 5 [Wilson-
Five], and Wisconsin Black).
 Inoculation brings big increase in soybean yields 

(p. 32; tests made by O.H. Sears, Soil Biology). Further 
work confi rms cross-inoculation results (p. 32). Certain 
commercial legume cultures worthless (p. 32; But Sears 
found some commercial cultures to be effective). Pure 
cultures better than soil for inoculation (p. 32-33). Wheat not 
always unsatisfactory after soybeans (p. 33).
 Livestock Investigations: Oil in soybeans found to be 
cause of soft pork (p. 54-59). Soybean study yields only 
results of their kind (p. 73-76; Digestibility of soybeans and 
soybean oil meal for sheep).
 Dairy cattle and dairy products: Economy of grinding 
soybean hay is doubtful (p. 89-90).
 Agricultural economics: Scope of soybean marketing 
studies widened (p. 119; studies by C.L. Stewart and L.F. 
Rickey have been extended to include the results of the 1925 
census).
 Farm mechanics: Combine shows promise for soybean 
harvesting (p. 131-32; “Tests made by E.W. Lehmann and 
I.P. Blauser, Farm Mechanics, in connection with their 
studies on soybean harvesting and threshing show that the 
loss of soybeans is much less when they are harvested with 
the combined harvester-thresher than it is when they are 
harvested by any other method. Furthermore, the cost of 
harvesting soybeans with the combine was about one-third 
of what it is with the ordinary methods. The signifi cance 
of these tests lies in the fact that harvesting soybeans for 
seed or commercial purposes has been the biggest problem 
the soybean grower has had to meet. Even tho the soybean 
acreage has increased immensely during the past decade, 
the grief encountered in harvesting the crop has prevented a 
more rapid increase. Harvesting probably will become even 
more important in the future as the commercial possibilities 
of the soybean are developed.
 “Harvesting with the combined harvester-thresher is 
the most recent method of handling the soybean crop. The 
fi rst machine was used by Garwood Brothers of Stonington, 
Illinois, in October, 1924, to harvest 212 acres of soybeans. 
That the combine made a successful demonstration is evident 
by the fact that 7 combines were sold in Illinois by July, 
1925, and 12 by October 1925.
 “Tests made of the different methods of harvesting 
soybeans show that the losses in some cases were as high 
as 45 percent. Counts were made back of the cutter bars of 
the mower, self-rake reaper, and binder in soybeans where 
the yield was 36.8 bushels an acre, and the losses were 18.2 
percent, 14.6 percent, and 25.2 percent respectively. These 
fi gures represent only the loss back of the cutter bar. A loss 
of 15 to 20 percent, which occurs between the machine used 
in cutting and the threshing machine, and a 1-percent to 
2-percent loss for the threshing machine itself, must be added 
to the above fi gures to get the total loss. Taking the lower 
fi gures, the total losses for this particular series of tests for 
the mower, self-rake reaper, and binder are approximately 34 
percent, 30 percent, and 41 percent respectively.” A photo, 
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p. 132, shows soybeans being harvested with a combined 
harvester-thresher near Tolono in 1925).
 Note: This is the earliest document seen (Jan. 1998) 
that uses the term “combined harvester-thresher” to refer to 
a combine in connection with soybeans. Address: Dean and 
Director of the Station, Urbana, Illinois.

787. Wilson, J.K. 1926. Legume bacteria population of the 
soil. J. of the American Society of Agronomy 18(10):911-19. 
Oct.
• Summary: Page 918: “Only one determination was made 
of the number of organisms of the Soybean group in soil. 
This soil grew soybeans in 1924 and 1925. The sample of 
soil for determining the presence of the legume bacteria was 
collected July 20, 1926. It was growing fi eld peas when the 
sample was taken. It had a reaction pH 5.4 and contained at 
least 100,000 soybean bacteria per gram of soil.”
 Note: Soy is mentioned 5 times in the form of “Soja” 
as in the “Soja Group,” and 6 times in the form “soybean.” 
Address: Prof. of Soil Technology, Dep. of Agronomy, 
Cornell Univ., Ithaca, New York.

788. Fred, E.B.; Whiting, A.L.; Hastings, E.G. 1926. Root 
nodule bacteria of leguminosae. Wisconsin Agricultural 
Experiment Station, Research Bulletin No. 72. 43 p. + 8 
unnumbered pages of plates. Nov. [31 ref]
• Summary: Summary (p. 40-41): “From the common 
legumes, alfalfa, sweet clover, red, white and crimson clover, 
peas, vetch and broad beans, cowpeas and lima beans garden 
beans, soybeans and lupines, cultures of the nodule forming 
bacteria were isolated and their characteristics studied. 
Although all cultures were obtained from the center of fresh, 
young nodules, many of these cultures showed the presence 
of more than one kind of organism. The most common 
contaminant found in these cultures was a small rod form, 
known as B. radiobacter, which in form and general cultural 
characters is strikingly like the root nodule bacteria. Of all 
the cultural methods of identifi cation used, none proved so 
helpful for testing the purity of root nodule bacteria as litmus 
milk and potato. After repeated plate isolations on mannitol 
agar and general observations of growth in litmus milk and 
potato, 102 pure cultures of nodule-forming bacteria were 
obtained. The ability of these cultures to produce nodules on 
the host plant was studied under both greenhouse and fi eld 
conditions. It was found that during 10 years none of these 
cultures has shown any loss in its power to form nodules.
 “These organisms produce in sugar media only a 
small increase in titratable acidity and very little change in 
hydrogen ion concentration. A variation in acid production is 
noted between the members of the different cross-inoculation 
groups. In like manner the higher acid limit of growth varies 
with the different groups, ranging from pH 3.2 to 5.0.
 “By means of the agglutination reaction it is possible to 
subdivide the organisms within a cross-inoculation group.

 “In the absence of the host plant, the life of the root-
nodule bacteria has been followed. From counts of the 
total number of nodule bacteria it was found that the 
addition of carbonates of calcium and magnesium favors 
the multiplication of the bacteria. Provided the conditions 
are proper–special apparatus with large surface exposure–it 
was found that the nodule bacteria alone may assimilate 
appreciable amounts of atmospheric nitrogen.
 “Methods are given for the preparation of cultures to 
be used under fi eld conditions for the inoculation of the 
common legumes.
 “The effect of temperature, moisture, reaction, various 
fertilizers, and other agencies on nodule formation has been 
measured.
 “The results of many experiments planned to measure 
the effect of various factors on the effi ciency, i.e., nodule 
production and nitrogen fi xation, are discussed.
 “Decided variations in the amount of nitrogen fi xed have 
been observed depending upon the kind of plant, kind of soil, 
and strain of nodule bacteria applied. A decidedly favorable 
effect on a succeeding crop has been noted from the growth 
of inoculated legumes.”
 Note: This is the earliest document seen (Aug. 2018) 
that contains the term “cross-inoculation group” or “cross-
inoculation groups.” Address: Madison, Wisconsin.

789. Leonard, Lewis T. 1926. A preliminary note on the 
relation of photosynthetic carbohydrate to nodule formation 
on soybeans. J. of the American Society of Agronomy 
18(11):1012-16. Nov. [1 ref]
• Summary: “Factors which stimulate or retard nodule 
formation on the roots of leguminous plants are many and 
varied, but considered as a whole the generally accepted 
opinion is that conditions which favor the growth of the host 
plant are favorable to the bacteria associated with it and vice 
versa.
 “Conclusion: This preliminary work indicates that 
nodule formation on certain varieties of soybeans is 
intimately connected with the carbohydrate-forming function 
of the plant, so much so that nodules will form sparingly 
or not at all when insuffi cient light, carbon dioxide, or 
chlorophyll excessively diminishes the capacity of the 
plant to produce the proper carbohydrate.” Address: Soil 
Bacteriology and Plant Nutrition Investigations, Bureau of 
Plant Industry, USDA, Washington, DC.

790. Meharry, Charles L. 1926. Seventh annual business 
meeting. Chicago, Illinois–1926. Proceedings of the 
American Soybean Association 1:29-34.
• Summary: The meeting was called to order at 10:30 a.m., 
November 30, 1926, by President W.E. Ayres. Members who 
were present outlined soybean experiments being conducted 
in the various states: Prof. G.M. Briggs of Wisconsin; Prof. 
John Buchanan of Guelph, Ontario, Canada; Mr. Munn 
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and Mr. E.A. Hollowell of Illinois; Mr. M.O. Pence and 
Prof. K.E. Beeson of Indiana; Mr. E.S. Dyas of Iowa; Mr. 
E.L. Utterback of Missouri; President W.E. Ayres of the 
Mississippi Delta Experiment Station.
 Prof. Buchanan noted that the province of Ontario 
extends as far south as the 42nd parallel. “It is therefore, 
quite possible to grow soybeans in Ontario. The Guelph 
Station has conducted extensive variety tests and one new 
variety, a selection from Habaro, was developed by this 
station. Experiments on time and methods of planting and 
cultivation are in progress. In 1926 about one thousand 
acres of soybeans were grown in Ontario, used principally 
as a substitute hay crop. The corn borer is rapidly forcing 
soybeans and other substitute crops to the attention of the 
farmers.”
 “Professor Beeson stated that soybeans are still 
considered by most Indiana farmers as a substitute crop 
and from 250,000 to 300,000 acres of soybeans are being 
grown in Indiana. Of this acreage from 10 to 12 percent 
are harvested for seed, about 25 percent for hay and the 
remainder grown in corn and for soil improvement. There is 
a marked tendency in Indiana to substitute soybeans for oats 
in the rotation. Professor Beeson reported that in harvesting 
demonstrations very satisfactory work had been done with 
the combine and that several Indiana growers have purchased 
combines. The new Dunfi eld variety was mentioned as 
giving the highest seed yield at the Indiana Station.”
 Three men spoke enthusiastically about the use of the 
“combine harvester-thresher” for soybeans: Mr. Taylor 
Fouts of Indiana, Mr. C.W. Tabaka of Illinois, and Mr. F.R. 
Shultz of the Case Company, Peoria, Illinois. Mr. Fouts 
noted: “If the European corn borer forces a reduction in corn 
acreage, soybeans are much more likely to become a useful 
substitute crop, because combine harvesting will simplify the 
greatest obstacle to soybean culture, that is, the diffi culty of 
harvesting and threshing.”
 “It was moved, seconded, and carried that on and after 
November 30, 1926, the membership dues be fi xed at one 
dollar per year.”
 Note: This is the earliest document seen (Oct. 2012) 
that mentions a combine in connection with Taylor Fouts 
(or any other Fouts brother) of Indiana. Address: Secretary-
Treasurer, American Soybean Assoc.

791. Legany, Odon. 1926. A szojabab ojtasa es nemesitese 
[Soybean inoculation and improvement]. Koztelek (Common 
Ground) 36(1):4-5. [Hun]*
Address: Hungary.

792. Buchanan, R.E. 1926. What names should be used for 
the organisms producing nodules on the roots of leguminous 
plants? Proceedings of the Iowa Academy of Sciences 33:81-
90.
• Summary: At the last meeting of the Society of American 

Bacteriologists, it was noted that a recent issue of Soil 
Science referred to the organism that causes nodulation on 
soybeans by three different names: Bacillus radicicola, 
Rhizobium leguminosarum, and Rhizobium radicicolum.
 Page 85: One important researcher was Beyerinck [also 
spelled Beijerinck], who was the fi rst to adequately describe 
this organism, the fi rst to isolate it in pure culture, and the 
fi rst to describe its morphology in culture. In a brilliant piece 
of work, he “proved quite defi nitively the organisms to be 
bacteria.” Beyerinck also noted that the legume bacteria 
may be divided into two groups. In group 1, whose colonies 
on gelatin are large and clear, are fi ve varieties of Bacillus 
radicicola. In group 2, whose colonies on gelatin are more 
cloudy white and opaque, are a Phaseolus type, Bacillus 
radicicola var. Lupini, and a Robina type.
 Of the author’s 7 conclusions (p. 89-90), the last states: 
“7. If the cross inoculation groups are raised to the rank 
of species, it will be necessary to designate as the type 
of Rhizobium leguminosarum Frank the organisms from 
Lathyrus and for Rhizobium japonicum (Kirchner) the 
organisms from Soja. The remaining variety names could 
then be made specifi c epithets.”
 Note: This is the earliest document seen (Aug. 2018) 
that assigns the name Rhizobium japonicum to soybean 
nodule bacteria. This article by Buchanan led to Rhizobium 
japonicum (Kirchner) Buchanan becoming the accepted 
name. Address: Iowa State College, Ames, Iowa.

793. Mueller, A.; Stapp, C. 1926. Beitraege zur Biologie 
der Leguminosenknoellchenbakterien mit besonderer 
Beruecksichtigung ihrer Artverscheidenheit [Contributions to 
the biology of leguminous root nodule bacteria with special 
consideration of their species diversity]. Arbeiten aus der 
Biologischen Reichsanstalt fuer Land- und Forstwirtschaft 
14(4):455-544. [103 ref. Ger]
• Summary: A very long and detailed article with a superb 
table of contents at the beginning and bibliography at the 
end.
 Contents: 1. Foreword. 2. Introduction. 3. Bacteria 
Strain from the Root Nodules. 4. Behavior of Bacteria 
toward the Plants. 5. Form and Content of the Bacteria.
 6. Bacteria Flagellation. 7. Growth Characteristics of 
the Bacteria and Their Behavior on Various Nutritional 
Substrates. 8. Sources of Carbon and Nitrogen for the 
Bacteria: Carbon Sources, Nitrogen Sources. 9. Infl uence of 
Various Substances on the Form of the Bacteria 10. Cardinal 
Points of Temperature
 11. Resistance of the Bacteria to External Infl uences: 
Higher Temperatures, Desiccation, Acids and Alkalis, 
Pesticides,
 12. Special Biological Properties of the Bacteria: 
Oxidation, Reduction, Fat Splitting, Starch Splitting, 
Sugar Splitting, Glycoside Splitting, Gelatin Liquefaction, 
Formation of Indole and Indole Acetic Acid, Formation of 
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Phenol,
 13. Behavior with Dyes: Gram’s Stain, Acid Resistance. 
Summary. Bibliography.
 With 4 tables. On p. 548 is a section specifi cally about 
the soybean (Soja hispida) and its nitrogen-fi xing bacteria. In 
addition Soja and Soja hispida are mentioned on many, many 
pages of this article.
 Note: Translated by Philip Isenberg June 2018. Address: 
[Germany].

794. Wright, William H.; Simington, Robert M. 1927. The 
grouping of different strains of Pseudomonas radicicola 
of Soja Max according to the bacteriostatic effect of the 
pararosanilin dyes. (Abstract). J. of Bacteriology 13(1):54. 
Jan,
• Summary: This abstract is in an issue about the “Twenty-
Eighth Annual Meeting of the Society of American 
Bacteriologists.”
 “The following conclusions are indicated: (1) A 
concentration of hexamethyl pararosanilin (crystal violet) 
of 1:25,000 is necessary to stop growth of some strains 
(Type B) and as little as 1:150,000 will completely inhibit 
others (Type A). (2) The frequency distribution curves of the 
strain groupings according to inhibiting dye concentration 
indicate the types. (3) The differences in the strains are 
similar to Churchman’s ‘strain within a strain’ variants and 
can be shown with the Churchman divided plates.” Address: 
College of Agriculture, Univ. of Wisconsin, Madison, 
Wisconsin.

795. Ohio Agricultural Experiment Station, Bulletin. 
1927. Forty-fi fth Annual Report of the Ohio Agricultural 
Experiment Station: For the year ended June 30, 1926. No. 
402. 156 p. Feb.
• Summary: On the title page: “A progress report of the 
director [C.G. Williams] on the station’s work for the year 
ended June 30, 1926.” Soybeans are mentioned in the 
following sections: “Effect of fertilizers on germination and 
nodule formation of soybeans, preliminary report” (p. 26). 
The relation of crop rotation to yield of wheat (p. 28-29; 
Shows the effect of each of fi ve previous crops on wheat 
yields over an 11-year period. When soybeans were the 
previous crop, wheat yields were lowest {33.33 bu/acre}; 
when potatoes were the previous crop, wheat yields were 
highest {39.65 bu/acre}). Protein requirements of dairy 
cows (p. 79-80; Soybean oilmeal was an ingredient in the 
“extremely high protein ration”). Address: Wooster, Ohio.

796. Burleson, D.J.; McClelland, C.K. 1927. Soybeans. 
Arkansas Agricultural College, Extension Circular No. 230. 
8 p. March.
• Summary: Contents: Introduction. Varieties: Adaptations 
of varieties, Laredo (most popular variety for Arkansas 
as a whole), Virginia, Mammoth Yellow, Otootan, Biloxi. 

Cultural methods: Preparation (of the land), planting, drilling 
with grain drill vs. in three foot rows (“To avoid cultivation, 
the beans may be drilled ‘solid’ with an ordinary oat drill...”), 
planting with corn, effect of soybeans in corn, yields of 
soybean forage in corn, rates of planting / seeding, dates of 
planting, inoculation, fertilizers, grazing, time to cut for hay, 
curing hay, yields of hay, harvesting seed, yields of seed, soil 
improvement.
 “More than 800 varieties have been introduced and 
tested in different sections [regions] of the United States.” 
Only about 40 varieties are now being grown. Address: 1. 
Extension Agronomist; 2. Asst. Agronomist. Both: Little 
Rock.

797. Morse, W.J. 1927. Soy beans: Culture and varieties. 
Farmers’ Bulletin (USDA) No. 1520. 34 p. April. Revised 
1939 and 1949. Supersedes Morse 1918b. The Soy Bean. 
USDA Farmers’ Bulletin No. 973. [36 ref]
• Summary: Contents: History of the soy bean. Climatic 
adaptations. Soil preferences. Varieties: Descriptions 
of varieties (59 varieties and 44 synonyms). Varieties 
recommended for different areas. Preparation of seed 
bed. Fertilizers. Inoculation. Time of seeding. Methods of 
seeding. Rate of seeding. Depth of seeding. Cultivation. Soy 
beans in rotations. Soy beans in mixtures: Soy beans and 
corn, cowpeas, Sudan grass, millet. Insect enemies of soy 
beans: Grasshoppers, blister beetles, Mexican bean beetle, 
other beetle enemies, leaf hoppers, army worms and other 
caterpillars, the green clover worm, chinch bugs. Diseases 
of the soy bean: Bacterial blight, bacterial pustule, mosaic, 
fusarium blight or wilt disease, stem rot, pod and stem blight, 
sunburn, downy mildew, anthracnose, root knot (caused by 
a tiny eelworm or nematode, Heterodera radicicola). Other 
enemies of soy beans (rabbits, woodchucks).
 The soy bean is “also called the soja bean, the soya 
bean, and in North Carolina the stock pea.” “Previous to 
1908 the trade in soy beans was largely confi ned to oriental 
countries, particularly China, Manchuria, and Japan. Since 
that time the value of the soy bean and its products has 
gradually been realized in other countries, and during the 
last decade they have attained considerable importance in 
the world’s commerce. At the present time the soy bean is 
cultivated principally in China, Manchuria, Japan, Chosen 
(Korea), and the United States, but it is also of more or less 
importance in northern India, Indo China, and the Malayan 
Islands. Soy beans are grown also in Italy, France, southern 
Russia, Hungary, Hawaii, Egypt, South Africa, and in a 
few countries of South America, but the acreage in these 
countries is very limited.
 “The soy bean was introduced into the United States as 
early as 1804 and for several decades was regarded more as 
a botanical curiosity than as a plant of economic importance. 
Since 1890 nearly all of the State Agricultural Experiments 
have experimented with soy beans and many bulletins have 
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been published dealing wholly or partly with the crop.”
 “The soy bean has been used mainly for forage purposes 
in the United States, but as a forage crop alone it would not 
likely become one of the major fi eld crops. The acreage 
in soy beans has increased very rapidly during the last 
decade. Previous to 1917 considerably less than 500,000 
acres were grown. In 1924 there were more than 2,500,000 
acres, of which 1,000,000 were grown for hay, 932,000 for 
pasture and silage, and 613,000 for the production of seed. 
More than 10,000,000 bushels of soy-bean seed and about 
1,360,000 tons of soybean hay were produced in 1924.”
 The 103 soy bean varieties and synonyms described 
on pages 5-11 are as follows (in alphabetical order): A.K., 
Aksarben, Arlington, Austin, Banner–same as Midwest, 
Barchet, Biloxi, Black Beauty–same as Ebony, Black 
Eyebrow, Black Sable–same as Peking, Bopp–same as 
Chernie, Brown–same as Mammoth Brown, Chernie, 
Chestnut, Chiquita, Columbia (from China), Columbian–
same as Columbia, Dixie, Dunfi eld, Early Brown, Early 
Green–same as Medium Green, Early Virginia Brown–same 
as Virginia, Early Wilson–same as Wilson, Early Wisconsin 
Black–same as Wisconsin Black, Early Yellow–same as Ito 
San, Easycook (from Shantung province, China in 1894), 
Ebony, Elton, Essex–same as Peking, Extra Early Black 
Eyebrow–same as Black Eyebrow, Extra Select Sable–same 
as Peking, Giant Brown–same as Mammoth Brown, Goshen 
Prolifi c, Green–same as Medium Green, Guelph–same as 
Medium Green, Habaro, Haberlandt, Hahto (“Introduced 
under S.P.I. No. 40118 from Wakamatsu, Japan, in 1915. It 
is commonly known in Japan as ‘dove killer,’ and is said to 
be used boiled in the green stage... Especially valuable as 
a green vegetable bean when three-fourths to full grown”), 
Hamilton, Herman, Hollybrook, Hongkong, Hoosier, Illini, 
Ilsoy, Indiana Hollybrook–same as Midwest, Ito San, Jet, 
Laredo, Large Brown–same as Mammoth Brown, Large 
Yellow–same as Mammoth Yellow, Late Yellow–same as 
Mammoth Yellow, Lexington, Mammoth–same as Mammoth 
Yellow, Mammoth Black–same as Tarheel Black, Mammoth 
Brown, Mammoth Yellow, Manchu, Manchuria–same as 
Pinpu, Mandarin, Medium Early Green–same as Medium 
Green, Medium Early Yellow–same as Ito San, Medium 
Green, Medium Yellow–same as Midwest, Merko, Midwest, 
Mikado, Minsoy, Mongol–same as Midwest, Morse, 
Ogemaw, Ohio 9035–same as Hamilton, Old Dominion, 
Otootan, Peking, Perley’s Mongol–same as Midwest, Pinpu, 
Red Sable–same as Peking, Roosevelt–same as Midwest, 
Roosevelt Medium Early Yellow–same as Midwest, Royal–
same as Wilson Five, Sable–same as Peking, Shanghai–same 
as Tarheel Black, Sooty, Southern–same as Mammoth 
Yellow, Southern Prolifi c, Soysota, Tarheel–same as Tarheel 
Black, Tarheel Black, Tarheel Brown–same as Mammoth 
Brown, Tokyo, Virginia, Virginia Early Brown–same as 
Virginia, Wea, White Eyebrow, Wilson, Wilson-Five, 
Wisconsin Black, Wisconsin Early Black–same as Wisconsin 

Black, Wisconsin Pedigreed Black–same as Wisconsin 
Black, Yoko–same as Yokoten, Yokoten, Yellow–same as 
Mammoth Yellow.
 Note 1. This is the earliest document seen (Aug. 2013) 
that mentions the soybean varieties Black Sable, Early 
Virginia Brown, Extra Early Black Eyebrow, Giant Brown, 
Large Brown, Tarheel Brown, Virginia Early Brown, or 
Wisconsin Pedigreed Black.
 Note 2. This is the earliest document seen (Aug. 2013) 
which states that Black Sable is the same as Peking, or that 
Brown, Giant Brown, Large Brown, and Tarheel Brown are 
the same as Mammoth Brown, or that Early Green is the 
same as Medium Green, or that Early Virginia Brown and 
Virginia Early Brown are the same as Virginia, or that Early 
Wisconsin Black and Wisconsin Early Black and Wisconsin 
Pedigreed Black are the same as Wisconsin Black, or that 
Extra Early Black Eyebrow is the same as Black Eyebrow, 
or that Mammoth Black is the same as Tarheel Black, or that 
Yellow is the same as Mammoth Yellow.
 Photos show (unless otherwise stated): (1) A typical soy-
bean plant growing alone. (2) “Outline map of the United 
States showing by numerals the areas to which the soy bean 
is especially adapted. The varieties suited to the various areas 
for different purposes are discussed on page 11. Outside 
the unnumbered areas the soy bean either can not be grown 
profi tably or it is in the experimental stage.” A vertical line 
shows that the soybean grows east of the 99th meridian. The 
area east of this line is divided into 5 zones by 4 lines parallel 
to the latitudes. Soybeans can also be grown in small parts of 
Arizona, New Mexico, and California, where extremely hot 
weather prevails during the period when the seed is forming. 
(3) Roots of a soy-bean plant showing abundant development 
of nodules.
 (4) Soy beans and corn planted in alternate rows; two 
men and waist-deep among the plants. (5) “The ordinary 
grain drill may be used for sowing either in rows or in close 
drills.” It is pulled by horses and a man, seated on top, 
is looking backward. (6) Seeds of the 22 more important 
varieties of soy beans now grown in the United States 
showing the wide range in the size of the seed. Soybeans 
range from 1,250 seeds to the pound for the Hahto (large) to 
9,950 seeds to the pound for Barchet.
 (7) “The rotary hoe is an excellent implement for either 
solid or row plantings.” This one is pulled by two horses; a 
man is seated on top. (8) “Soy beans seeded in the same row 
with corn. They are more generally grown with corn than 
with any other crop.” A man is standing in front of the tall 
plants. (9) “A fi eld of soy beans and Sudan grass grown in 
mixture for hay.” (10) Roots of a soy-bean plant showing 
galls caused by the nematode Heterodera radicicola. 
Address: Agronomist, Offi ce of Forage Crops, Bureau of 
Plant Industry, USDA, Washington, DC.

798. Rayner, M.C. 1927. Mycorrhiza–Chapter X. New 
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Phytologist (London) 26(2):85-114. May 23. Reprinted as a 
book in 1927 by Cambridge University Press.
• Summary: A good review of the early literature, although 
without a bibliography.
 Contents: Tuberisation: The association of root nodules 
or tubercles with fungus infection–Historica–Nodules of 
leguminous plants: early views–Root nodules of Alnus, 
Eleagnus, Myrica, Ceanothus: early observers; Bottomley; 
Spratt–The root tubercles of Cycads–Root nodules of 
Podocarpus and other Conifers: Spratt; McLuckie; Yeates. 
The tuberisation theory: Bernard; Magrou.
 Soybeans are not mentioned.

799. Burger, A.A. 1927. Strayer grows soys: A twelve-year 
experience. Successful Farming 25(5):5, 28. May.
• Summary: “Twelve years ago [i.e., in about 1915] the 
soybean was fi rst being generally introduced in the cornbelt. 
At that time Bert Strayer of Black Hawk county, Iowa, 
secured some black eyebrow [Black Eyebrow] seed and 
the results were so satisfactory that he has been growing 
soybeans ever since. With him the acreage has increased 
every year until he is now recognized as one of the largest 
growers of soybeans in the state. Last year on his quarter-
section farm he grew 60 acres of beans. Soybeans are a 
favorite crop with Strayer because they are easy to grow and 
handle, because they make a high protein feed, and because 
they are nitrogen-gathering, soil-enriching plants. The crop 
has been so satisfactory that it has entirely replaced the corn 
crop. Bert says that it pays him better to grow soys and buy 
his corn.”
 Soys add nitrogen to the soil, but not quite as much 
as clover, alfalfa, or sweet clover–nor is the soybean root 
system so extensive. The soybean gathers nitrogen by means 
of nodules on the roots, and adds both nitrogen and humus 
to the decaying roots, stems, and leaves that are left on the 
ground. Last year Strayer grew both oats and barley after 
soys; they grew taller and ranker, had a deeper green color, 
and yielded 5-10 more bushels per acre. “Such results have 
been recorded for twelve years; soys are practically the only 
legume grown on the farm, yet the land is becoming more 
fertile and larger crops are grown every year.” Strayer’s 
average soybean yield on his 60 acres last year was 25 
bushels per acre.
 He has tried a great many different soybean varieties. 
Last year he grew black eyebrow, Manchu, and Dunfi eld. 
Details of how Strayer cultivates and harvests soybeans are 
given.
 Photos show: (1) Two horses pulling a weeder, which 
gives young soybeans a good cultivation. (2) A man wearing 
a hat standing in a fi eld of soybeans “that will give a good 
yield of hay.” (3) A close-up of soybean seeds.
 Note: This is the earliest document seen (March 2008) 
that mentions Bert Strayer, or any member of the Strayer 
family of Iowa, in connection with soybeans.

800. Morse, W.J. 1927. The present outlook of the soybean 
industry in the United States. Proceedings of the American 
Soybean Association 1:167-71. Eighth annual fi eld meeting. 
Held 9-12 Aug. in North Carolina.
• Summary: “In 1907, the soybean was considered but a 
minor crop in America, less than 50,000 acres being devoted 
to its culture. North Carolina had the largest acreage at that 
time, and produced at least 90 per cent of the seed, possibly 
more.”
 Note: This is the earliest document seen (May 2008) that 
gives statistics for soybean production in the USA before 
1909. It is also the earliest document seen (May 2008) that 
mentions the number “50,000 acres” in connection with the 
year 1907–statistics that were repeated by many subsequent 
publications. Yet we have been unable to fi nd Morse’s source 
for these earliest baseline statistics. He may have somehow 
derived the fi gures from those in: U.S. Department of 
Commerce, Bureau of the Census. 1913. Thirteenth census 
of the United States taken in the year 1910. Volume V. 
Agriculture, 1909 and 1910.
 “Not more than six varieties were being grown [in 
America]. The most important of these were the Mammoth 
Yellow, Ito San, Ogemaw, and Medium Green, varieties 
limited as to soil and climatic conditions, and also as to 
purpose. At this time, it seemed unlikely, to all except a few 
soybean enthusiasts or ‘soybean cranks’ as they were then 
called, that the soybean would ever amount to much more 
than a minor or emergency crop. Several experiment stations 
had conducted tests with the crop as pasture, hay and silage, 
and with the seed as a concentrated feed... One soybean 
enthusiast, the late Dr. C.V. Piper, then Chief of the Offi ce 
of Forage Crops, United States Department of Agriculture, 
had a remarkably clear vision of the great potential value 
of the soybean as a major crop in American agriculture. 
After studying the soybean in the Orient, it seemed to Dr. 
Piper that more and better varieties were essential to meet 
the widely diverse conditions found in the United States... 
Through the Offi ce of Foreign Plants, therefore, numerous 
introductions were made from the soybean regions of China, 
Manchuria, Korea, and Japan. Additional introductions 
and numerous tests indicated the wisdom of Dr. Piper’s 
conclusions. The introductions were found to be adapted to 
wider ranges of soil and climatic conditions. The new and 
varied uses of the crop stimulated new and greater interest in 
possibilities, and the soybean’s march of progress was on.
 “Moving forward slowly through the years with new 
varieties, increased acreage, wider interest, greater utilization 
of crop and by-products, its safety and dependability under 
adverse conditions, more effi cient methods of planting, 
cultivating and harvesting, its availability as a relief crop (as 
in the recent Mississippi fl ood area in the South and in the 
corn-borer infested territory in the North), the lowly soybean 
of 1907 has risen to the rank of a major crop in 1927.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   395

© Copyright Soyinfo Center 2018

 “In 1926, the acreage of soybeans for all purposes 
was estimated at more than 3,000,000 acres and the seed 
production at about 148,000,000 bushels. At present (1927), 
all states east of the Mississippi River are growing soybeans 
and with yearly increasing acreages. Moreover, the states 
bordering the west bank of the Mississippi are greatly 
increasing their soybean acreage. For 1927, the average 
increase of soybean acreage over that of 1926, is estimated at 
about 20 percent.
 “Let us consider the forage outlook in the United States. 
The soybean undoubtedly will be utilized primarily for 
forage purposes, and by forage purposes is meant as hay, 
pasture, ensilage, and soilage. In 1924 (we have no later 
statistics), more than 1,500,000 tons of soybean hay were 
produced, nearly doubling the production of 1922. No fi gures 
are available as to acreage devoted to pasturage and ensilage; 
but, you of the states producing soybeans know that a very 
considerable part of the soybean acreage of your state was 
devoted in 1924 to these two purposes. For instance, Illinois, 
with a total soybean acreage in 1924 of 747,000 acres, had 
only 90,000 acres for seed production. North Carolina had 
a total acreage in 1924 of 255,000 acres of which 120,000 
were for seed. For forage purposes, soybeans are increasing 
in favor on the farms of the North, South, East and West. 
Without a doubt, as hay, pasturage, and ensilage, soybeans 
will be used more and more in the farming systems of 
America.
 “Seed production has become a very important and 
profi table industry in many sections. During the past few 
years, the growers in certain sections have been confronted 
in the fall with the surplus-seed problem. Before the passing 
of the next planting season, however, fi rst-class seed for 
planting has been at a premium, and during the past two 
years (1926 and 1927), there has been an acute shortage in 
some sections of seed of desirable varieties. Commercial 
possibilities today offer a potential outlet for a supply above 
seeding requirements, many times the size of the present 
surplus. Several oil mills are now crushing domestic-grown 
soybeans for oil and oil meal in the Southern and Western 
States, and many others are being equipped for this purpose. 
Complaint is often made that oil mills pay too little for 
seed, making seed production for this purpose unprofi table. 
We must take into account, however, that the soybean is a 
legume. We must consider the fertilizing value, the feeding 
value of the straw, and not expect too much in comparison 
with other standard crops. Let us be fair with this oil-mill 
industry, and forget the high prices for seed which have 
prevailed with the introduction of new varieties and the large 
increase in acreage. To me, the production of soybean seed 
for oil and oil meal appears to be one of the bright spots in 
the future of the soybean which will fi rmly establish it as a 
major crop.
 “Increasing imports of soybeans, soybean oil, and 
soybean cake from China and Japan, in spite of a tariff on the 

beans and oil, indicate a ready market for these products in 
the United States. Soybean oil is a strong competitor of other 
vegetable oils and is used extensively in the manufacture 
of butter and lard substitutes, paints, enamels, waterproof 
goods, rubber substitutes, linoleum, and edible oils; and 
constantly new uses are being found for this valuable oil. 
Soybean oil meal is a valuable concentrate for all kinds 
of livestock. Oil meal is also valuable as a fl our, and is 
extensively used in the manufacture of glue, of buttons, 
etc. The following table shows the increasing demands for 
soybean products through imports for the past fi ve years.
 This table, “Soybeans, soybean oil, and soybean cake 
imported into the United States, 1922-1926 inclusive,” 
shows that imports of soybean oil ranged from 9.1 million lb 
in 1924 to a high of 41.7 million lb in 1923. Soybean cake 
ranged from 4.2 million lb in 1922 to a high 47.1 million lb 
in 1924. Imports of soybeans ranged from 3.5 million lb in 
1922 to a high 4.2 million lb in 1924.
 “Soybean seed is employed for various other purposes 
and its uses, no doubt, will further increase. There are 
established in the United States several factories for the 
manufacture of soy sauce, which in previous years was 
imported in large quantities from China and Japan. There are, 
also, a large number of food factories using soybean seed in 
the manufacture of special foods. And we must not overlook 
the value of soybean seed as a highly valuable stock feed, 
relished by all kinds of farm stock. Practical experience and 
extensive tests by experiment stations have indicated the 
value of soybean seed as a home-grown concentrate.
 “No doubt, most of you will recall that soybean 
bulletins of a few years ago told you that the ordinary farm 
equipment was all that was necessary to produce a crop of 
soybeans. Today, however, after extensive experiments, we 
have more effi cient and economical methods of planting, 
cultivating, harvesting and marketing the crop. In the 
matter of machinery, we have soybean seed drills, soybean 
cultivators, and soybean harvesters. Just a word concerning 
harvesters, of which we have several types adapted to 
various conditions. There is the beater type for rows and for 
broadcast beans, and these have gradually brought about the 
combine harvester, now used successfully in the Western 
States.
 “Further brightening the path of the soybean is the 
extensive work of experiment stations. Nearly all state 
experiment stations (and the United States Department 
of Agriculture) are engaged in various tests with regard 
to variety testing, breeding work, feeding experiments, 
inoculating, fertilizing, methods of culture and harvesting, 
and in greater utilization of the soybean and its products. 
From this review of experimental and other work during a 
score of years, I think you will quite agree that the outlook 
is decidedly bright for the soybean, and that, through the 
efforts of the American Soybean Association, we must keep 
this work going, and place the soybean where it belongs–in 
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the ‘King’ row with King Corn and King Cotton.” Address: 
USDA, Washington, DC.

801. Zimmermann, A. 1927. Die Sojabohne [The soybean]. 
Tropenpfl anzer (Der) (Berlin) 30(9):353-77. Sept. [31 ref. 
Ger]
• Summary: Contents: Description of the plant. Varieties. 
Climate. Soils. Tillage. Fertilization & manuring. Bacteria 
for the root nodules. Characteristics of the seed. Distance 
between seeds and seeding rate. Depth of planting seeds. 
Subsequent maintenance. Crop rotation and mixed cultures. 
Harvest. Pests and diseases. Yields (in various soybean-
growing countries). Chemical composition of the seed, plant 
and straw. Utilization. Production.
 Food uses in East Asia include tofu (Bohnenkäse), soy 
sauce or shoyu (Bohnenkäse), miso (Bohnensülze), and 
soymilk (vegetablische Milch), green vegetable soybeans, 
and soynuts. The production of these products has been 
described by (among others) Honcamp (1910) and Fesca 
(1898).
 In Germany and Austria, during World War I, foods 
were made from soybeans in various factories: Soy 
fl our (Sojamehl), fresh and dried soymilk (Frisch- und 
Trokenmilch), dry cream (Trockenrahm), etc.
 In Austria (according to Fürstenberg 1916, vol. I, p. 
24) soybeans have long been used as a coffee extender or 
substitute. They are also used for the same purpose in the 
United States.
 Church (1923) investigated closely the Japanese method 
for making soy sauce and considers it possible that this 
industry could also develop in the United States.
 Soybean cake (Sojakuchen) and soybean meal 
(Sojamehl, Sojabohnenschrot) are both residues (Rückstände) 
left from making soy oil.

802. Turner, A. Grenville. 1927. The useful soya bean. 
Commercial possibilities. Liverpool Trade Review 
26(12):245-47. Dec. 15. Compiled from a report prepared 
by Mr. A. Grenville Turner, of Messrs. Kelly & Company...
Liverpool.
• Summary: Describes the increasing importance and 
production of soybeans in the United States, and their food 
and industrial uses. Address: Messrs. Kelly & Co., 10 Irwell 
Chambers West, Liverpool, England.

803. Farming in South Africa. 1927. Soya bean as an 
alternative summer legume: Useful as a stock-food and a soil 
renovator. 2(21):497-98. Dec.
• Summary: Contents: Alternative legumes. Food value 
of soya bean. Is a soil renovator. How to inoculate. Useful 
varieties. How to plant. When to plant. Fertilizer treatment. 
Cultural treatment. Harvesting of seed. Harvesting as hay 
or silage. Yield of seed and hay. Reasons why soya beans 
should be grown.

 In Natal, the cowpea is the traditional summer legume. 
But soybeans do better under very sour soil conditions and 
during an exceptionally wet season. Trials carried out at the 
Cedara School of Agriculture also show that the soybean is 
more disease-resistant than the cowpea. The food value of 
soya bean lies in its ability, when fed with corn, to increase 
the milk yield of dairy stock and to give excellent results 
in fattening oxen. The varieties Mammoth, Southern, and 
Chinese White are commonly grown in Natal for hay and 
silage, yielding 1½ to 2½ tons per acre. Brownie is a prolifi c 
seed producer, yielding up to 12 bags/acre.
 Note: This is the earliest document seen (July 2000) that 
mentions the soybean variety “Chinese White.”

804. Sears, O.H.; Carroll, W.R. 1927. Cross inoculation with 
cowpea and soybean nodule bacteria. Soil Science 24(6):413-
19. Dec. [13 ref]
• Summary: “Many instances of abundant nodule formation 
have been observed on soybean plants growing in Illinois 
where it has been impossible to trace the source of the 
nodule bacteria to artifi cial inoculation or to the blowing and 
washing of inoculated soil upon the land. The explanation 
of these observations was not discovered until early in 
1922, when C.D. Jones, working in this laboratory, found 
that a culture of soybean nodule bacteria produced nodules 
upon soybean and cowpea plants. Later in the same 
year Leonard (5) published a paper giving the results of 
investigations begun by him in 1917, in which he found 
‘an interchangeability of the nodule-forming function 
between cultures of B. radicicola from soybean and cowpea 
nodules.’”
 Summary: “5. No cultures obtained from soybean 
nodules were tested which failed to produce nodules upon 
soybeans.” Address: Div. of Soil Biology, Dep. of Agronomy, 
Univ. of Illinois Agric. Exp. Station, Urbana.

805. Wand, Frederick A. 1927. The soybean industry: 
Introducing the soybean in the United States. Farmers’ 
Elevator Guide 22(12):50-51. Dec.
• Summary: Includes a discussion of the value of soybeans 
as a soil builder, the increase in soybean acreage in Illinois 
(from 40,000 acres in 1921 to 538,000 acres in 1927), the 
marketing of soybeans, and soybeans and the tariff (which 
is presently 30 cents a bushel on soybeans and 2½ cents a 
pound on soybean oil). Address: Manager Soy Bean Dep., 
A.E. Staley Mfg. Co., Decatur, Illinois.

806. Mumford, H.W. 1927. A year’s progress in solving 
some farm problems of Illinois. Illinois Agricultural 
Experiment Station, Annual Report 40:1-288. For the year 
ended June 30, 1927.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crops: Many new strains tried 
out to improve soybeans: High and low oil lines developed 
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further (p. 41-43). New Manchu strain best yielder in 
soybean tests (p. 43). Soybean yields again increased by 
inoculation (p. 44). Some cowpea nodule bacteria also 
function on soys (p. 44). Wheat yields again unaffected by 
soybean crop (p. 45).
 Livestock investigations: Soybean test compares 
hogging down vs. dry lot (p. 82-84; An investigation “on 
the relative values of hay and seed types of soybeans when 
planted with corn for hogging-down. Also, the effect of these 
types of soybeans upon the quality of the resulting pork 
when they are hogged-down with corn...” The results of the 
year’s work is summarized). Hogs should be fed less than 12 
percent of beans (p. 84-85). Method sought of getting hard 
pork from soybeans (p. 85-86). Soybeans and their products 
compared for cattle (p. 101-02). Dairy investigations: Cows 
do only slightly better on ground soy hay (p. 148-50).
 Agricultural economics: Illinois soybeans go to widely 
scattered markets (p. 195-96).
 Farm mechanics: Effi ciency of combine on Illinois crops 
studied (p. 212-13; “The fi rst combine was used in Illinois in 
1924 to harvest soybeans, but has since been used to some 
extent in harvesting every small grain crop, soybeans, and 
the clover and grass seeds. Tests of combines in 1926 show a 
loss of 8.89 percent in harvesting soybeans and a loss of 4.72 
percent in harvesting wheat.” Fifty-two of the 63 combine 
owners in the state were visited, and records received from 
them. Table 84 shows the number of acres harvested by each 
combine and the grade of crop harvested. A more complete 
report of the preliminary study of combines in Illinois is 
reported in Circular 316, ‘Combines in Illinois’”).
 Bean [soybean] harvesting losses again lowered by 
combines (p. 213-17; A photo, p. 216, shows soybeans being 
harvested with a combine on the Illinois Experiment Station 
farm).
 Note: One section in this report is titled “Many 
worthless bacterized fertilizers found” (p. 44). These 
fertilizers are promoted as containing bacteria for soil 
inoculation. The word “bacterized” seems to have been 
coined in about 1915 (“A method of treating peat to make it 
more active as a fertilizer and as a medium for the growth 
of nitrogen-fi xing bacteria {so-called bacterized peat})...” 
Address: Dean and Director of the Station, Urbana, Illinois.

807. Agricultural Bulletin (Bermuda Department of 
Agriculture). 1928. Soy beans and cowpeas for soil 
improvement. 7(4):6-7. April.
• Summary: Soybeans and cowpeas are recommended for 
soil improvement and as a labor saver, and the advantages of 
soybeans over cowpeas are enumerated. “After many years’ 
experience, the Department recommends soy bean rather 
than cow peas for the following reasons: (1) as a rule the 
seed is cheaper, (2) the crop better withstands drought, (3) it 
is readily eaten by all farm live stock, and (4) because of its 
erect growth, it is much more easily handled at plowing time. 

Its one disadvantage is that its nitrogen-gathering bacteria 
are not present in agricultural soils to the same extent as are 
the bacteria of cowpeas, and it is usually found necessary 
to inoculate the soil... Mammoth Yellow is the variety of 
soybeans recommended...
 “Reference has been made to soybeans as feed for stock, 
and greater use should be made of the plant for summer 
feeding. All stock eat the crop with relish, and it is of very 
high feeding value.”

808. Burger, A.A. 1928. Is the soybean here to stay? A crop 
that is winning its way. Successful Farming 26(4):18, 53. 
April.
• Summary: Recounts the results obtained on various farms 
growing soybeans, and their value to the soil and for feeding. 
Mentions Bert Strayer, Hanson, and Robert Mitchell from 
Iowa, Chas. Meharry from Indiana.
 On Bert Strayer’s farm in northern Iowa, the soybean 
has largely taken the place of clover as a soil builder; today, 
Strayer grows very little clover, yet the soil is becoming 
noticeably more fertile and productive. On the nearby 
Hanson farm, soys follow soys or clover.
 The article concludes by noting that the acreage of 
soybeans is increasing faster than that of any other crop that 
has been introduced in the last few years–35% in 1926 and 
almost 100% in 1927.
 Photos show: (1) Soybean pods on the stems (circular 
photo). (2) Inoculating soybeans on the farm of Charles 
Meharry, Indiana. A man is standing in the back of a wooden 
fl atbed truck, shoveling. The bushel measure contains fresh 
dirt from a fi eld in which soybeans have been previously 
grown. The wooden bucket is used to mix some of the dirt 
with water. This mixture is then sprinkled over the soybeans 
and mixed well until all of the beans have come in contact 
with it and are inoculated. (3) A child standing in a fi eld of 
soybeans.

809. Scanlan, Robert W. 1928. Calcium as a factor in 
soybean inoculation. Soil Science 25(4):313-25. April. [20 
ref]
• Summary: The general effect of calcium was to increase 
nodulation both in soil and in water cultures. Address: Univ. 
of Missouri.

810. Erdman, Lewis W.; Wilkins, F. Scott. 1928. Soybean 
inoculation studies. Iowa Agricultural Experiment Station, 
Research Bulletin No. 114. 54 p. June. [35 ref]
• Summary: Note: This very comprehensive Research 
Bulletin is generally recognized as an outstanding 
contribution. Many facts regarding inoculation are brought 
to light which previously had not been known. This 
publication had a major infl uence on inoculation and soybean 
production.
 The Bulletin begins: “The diffi culty often experienced 
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in successfully inoculating soybeans is generally believed 
to be due to some unfavorable soil or seasonal condition, to 
the use of a poor inoculating material or to a combination 
of these factors. But even when the conditions are 
carefully controlled and all the usual precautions are taken 
frequently no inoculation occurs. It seems, therefore, that 
the inoculation of soybeans presents a different and more 
complex problem than is the case with other common 
legumes.
 “Recent investigations indicate the possible existence 
of more than one strain of the soybean organism, and some 
data also show that certain varietal characteristics of the 
plants may be of signifi cance, since some varieties seem to 
be easier to inoculate than others. This indicates the necessity 
for observing unusual precautions in the preparation and 
use of inoculating material whether the pure culture or soil 
method is employed. Hence, fundamental studies are needed 
on the nature, habits and growth of the bacteria from the 
different varieties of soybeans in pure culture and under a 
wide range of soil and environmental conditions.”
 “Historical–The use of soil and commercial cultures for 
soybean inoculation:
 Kirchner (18), as early as 1895, called attention to 
the fact that, of about 100 species of legumes growing 
in the botanical garden at Hohenheim, only the soybean 
failed to develop nodules. He believed that this was due to 
environmental conditions. Later he obtained some inoculated 
soil from Japan and in some pot and fi eld experiments with 
two varieties of soybeans proved defi nitely that soybean 
bacteria were different from other legume bacteria and that 
soybeans could be inoculated by using soil from a fi eld in 
which inoculated soybeans had been grown. Kirchner was 
probably the fi rst investigator to use soil for the inoculation 
of soybeans.
 “In 1903 Hiltner and Stormer (15) made the fi rst report 
on soybean inoculation experiments using pure cultures. In 
one of their experiments similar quantities of Dahlem soil 
and un-limed and limed moor soils were inoculated with a 
pure culture of soybean bacteria in January. In May defi nite 
amounts of these soils from 10 gms down to 0.00001 gm 
were used to inoculate sand cultures of soybeans. The best 
inoculation was secured with the limed moor soil, while 
with the unlimed moor soil the inoculation was very poor. In 
every case the best inoculation was secured when the largest 
quantity of soil was added.
 “Atwater and Woods (4) fi rst suggested the use of soil 
infusion for the inoculation of soybeans. They carried out 
sand culture experiments, but the results were not very 
satisfactory. Of the inoculated plants, about one-third did not 
show any nodules, while the remainder had a very few small 
tubercles.
 “Munson (25) used tubercles from the previous year’s 
crop for inoculation, introducing them with the soybean 
seed. Altho the crop was injured by frost and no weights 

were obtained, it was noted that the plants in the inoculated 
rows were larger and darker in color and bore many tubercles 
while the uninoculated plants showed no tubercles. The same 
author (26) later compared several Nitragin cultures and 
tubercles from soybean plants for inoculation, but practically 
no inoculation was secured, due, probably, to the tubercles 
being too dry.
 “Moore (23) stated that out of a total of 129 reports 
received from the soybean cultures sent out by the U.S. 
Department of Agriculture, 43 percent of the tests were 
failures; more failures being reported for soybeans than for 
any other crop.
 “Lipman (20), in experiments with Farmogerm and 
Nitragin, showed that, on soils well drained and properly 
supplied with moisture, lime, phosphates and potash, these 
cultures were capable of increasing the yields of such 
leguminous crops as had not been previously grown on the 
land.
 “Kisselbach (17) concluded that the soils at the 
Nebraska station possessed the soybean bacteria, as 
inoculation by both the culture and the soil methods failed to 
increase the yields materially.
 “Fellers (6) found that many of the commercial cultures 
tested failed to give satisfactory results with soybeans. He 
recommended the soil transfer method for this crop, except 
when the commercial culture were [sic, was] known to be of 
good quality.
 “Later, Fellers (7) compared the relative effi ciency 
of commercial cultures and a nodule infusion for the 
inoculation of soybeans and reported that the cultures gave 
just as good results as the nodule infusion. Kendall (16), 
using four commercial cultures for soybean inoculation, 
found that the inoculated plants showed a remarkable 
difference in color and also in the number of root nodules 
from the uninoculated plants.
 “In 1924, Fiske (9) reported the offi cial tests on 33 
samples of legume inoculants. Five were either fair or poor, 
while all the rest produced good inoculation. The following 
year (10), in similar tests made on 43 offi cial samples, one 
gave negative results, one was poor, fi ve produced only 
fair inoculation and the rest produced good inoculation.” 
Address: Iowa State College of Agriculture and Mechanic 
Arts.

811. Hackleman, J.C.; Sears, O.H.; Burlison, W.L. 1928. 
Soybean production in Illinois. Illinois Agricultural 
Experiment Station, Bulletin No. 310. p. 465-531. June. [26 
ref]
• Summary: Contents: Introduction. Seeding practices in 
Illinois. Some reasons for popularity of the soybean in 
Illinois: A valuable nitrogenous feed, Illinois experiments 
demonstrate feeding value, a satisfactory substitute for 
oats and a good emergency hay crop, adapted to practically 
all Illinois soils, has merit as a soil-builder, fi ts well into 
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Illinois rotations. Essential cultural practices: A good seed 
bed, thoro inoculation, seed soon after corn planting, give 
careful attention to cultivation. Harvesting and threshing 
soybeans: Harvesting the hay crop, harvesting for seed, 
threshing the seed crop, special machines for harvesting and 
threshing, handling threshed soybeans. Soybeans and corn 
as companion crops. Soybean variety studies in Illinois: 
Performance of varieties in northern Illinois, performance 
of varieties in central Illinois, differences among and within 
soybean varieties, description of varieties. Commercial 
utilization of the soybean crop: Soybean cake one of the 
most valuable products, market for soybean oil increasing, 
soybean products as human food (introduction, soybean oil, 
soybean fl our, dry soybeans {incl. roasted as a substitute 
for salted peanuts, soybean “coffee”}, immature or green 
soybeans). Early history of soybean production in Illinois. 
Literature cited.
 Introduction: In 1914 only about 2,000 acres of 
soybeans were harvested in Illinois; by 1927 the acreage had 
jumped to 776,000.
 Reasons for growing the soybean in Illinois (p. 409): 1. 
It is the richest protein-producing grain on the Illinois farm. 
2. It is the richest nitrogenous roughage adapted to most 
farms. 3. It is adapted to many uses and relished by most 
livestock. 4. If properly handled it furnishes a satisfactory 
substitute for oats in the cropping system and is a good 
emergency hay crop. 5. It is adapted to a wide range of soil 
types. 6. Being a legume, it has merit as a soil builder if 
properly used. 7. It ranks well as a cash crop. 8. It fi ts well 
into Illinois rotations.
 “The average November and December farm prices paid 
Illinois growers for their soybeans for the fi ve-year period 
1921-1925 were $1.48 and $1.90 a bushel respectively... 
During each of the past three seasons (1925, 1926, 1927) 
soybean mills have paid the producer approximately $1.25 a 
bushel f.o.b. the mill” (p. 473).
 The section titled “Special machines for harvesting 
and threshing” states (p. 491-93): “Soybean harvesting and 
threshing methods have been very unsatisfactory for the 
grower who harvests 50 to 200 acres or more of seed beans 
each year. During the past four years, as the result of an 
increasing call from the soybean producers for improved 
seed harvesters and threshers, the machinery manufacturers 
are now offering several fi eld threshers of the same type as 
those used in the wheat fi elds of the West. The combine was 
fi rst used in Illinois as a soybean thresher in 1924. Twelve 
machines were reported in operation in Illinois in 1925, 64 in 
1926, and with fi ve manufacturers offering machines in 1927 
the number available during October and November, 1927, 
exceeded 300.
 “The combines all work on the same general principle,–
that of cutting the mature plants and elevating them to the 
cylinder, where the beans are threshed out. The hulled beans 
are then passed over screens and thru the blast of a fan just 

as in the ordinary thresher. The clean seed is then elevated 
and either conveyed to a seed bin which is carried on the 
machine, run directly into a wagon which is drawn along 
the side of the combine, or run into sacks which are tied 
and dropped off the machine. The straw, pods, leaves, and 
trash are carried to the rear of the thresher, where they may 
be scattered over the land by means of a beater or straw 
spreader or may be bunched to facilitate their collection in 
case the farmer wishes to feed the straw.
 “The combines when properly adjusted and in charge 
of a careful operator will gather a greater percentage of seed 
than any other harvesting machine, according to observations 
made by the Farm Mechanics Department of the University 
of Illinois.
 “The advent of the combine marks a new epoch in 
soybean production. There are several points in favor of 
these machines which bespeak an increasing interest in 
them, namely: 1. They do the work with a single operation 
and therefore reduce harvesting costs. 2. They shorten the 
harvesting season, thus enabling the grower to take full 
advantage of favorable weather. 3. When properly adjusted 
they enable the farmer to harvest the crop with less loss 
than by other methods. 4. They leave the residues in the 
fi eld where produced. 5. Standing beans are not injured by 
inclement weather, as are beans that are cut and shocked 
awaiting the thresher. 6. Mature soybeans harvested with a 
combine will usually have a lower moisture content than the 
average lot that is cut, shocked, and threshed, especially if 
rains are frequent.
 “On the other hand, there are objections which must 
necessarily be weighed before one comes to a decision as to 
the most satisfactory method of handling the soybean seed 
crop, namely: 1. Late harvesting is likely to endanger, if not 
prevent, the seeding of winter wheat in the soybean stubble. 
2. Combines are costly. 3. There is danger of losing straw 
which might otherwise be used as winter roughage.”
 Regular variety trials of soybeans were begun at 
the University of Illinois in 1906 by comparing the seed 
production of seven varieties, two of which had little or 
no value under Illinois conditions. In 1919 the following 
varieties were tested: Chestnut, A.K., Ebony, Ito San, 
Sherwood, Nuttal [Nuttall, no longer commercially 
available], and Wilson. A detailed description of the 
following varieties is given (p. 516-26), including plant 
adaptation and plant and seed characters: A.K., Aksarben, 
Amherst, Arlington, Black Eyebrow, Chestnut, Columbia, 
Dunfi eld, Ebony, Elton, Guelph, Habaro, Haberlandt, 
Hamilton, Hong Kong, Hurrelbrink, Illini, Illinois 13-181, 
Ilsoy (Illinois 13-19), Ito San, Jet, Lexington, Mammoth 
Yellow, Manchu, Mandarin, Mansoy, Midwest, Morse, 
Ogemaw, Peking, Sherwood, Virginia, Wea, Wilson, Wilson 
V [Wilson-Five], Wisconsin Black.
 “Commercial utilization of the soybean crop: “The 
soybean, during its early history under corn-belt conditions, 
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was considered primarily a forage or hay plant. Diffi culties 
in harvesting the seed, lack of information regarding 
satisfactory methods of threshing, and the cost threshing 
during those early years caused many farmers to grow 
the crop solely for hay. As a result, the early studies of 
the experiment stations were concerned with the value of 
soybean hay as compared with other common hays.
 “The utilization of native-grown soybeans in the 
commerce of North America is practically an untouched 
fi eld. American manufacturers have almost unlimited 
possibilities with this crop.”
 “Early history of soybean production in Illinois.–The 
fi rst published records pertaining to the production of 
soybeans at the Illinois Station are for 1897. These trials 
were mainly to ascertain the general adaptation of the crop 
rather than to study types or strains. Variety studies as such 
started in 1906. More than 200 varieties and strains have 
been tried out, but many proved unsatisfactory and were 
retained but one year. Only two of the original varieties, 
Ebony and Ito San (Medium Early Yellow), are still 
commercially important in Illinois.
 “Soybean production on Illinois farms apparently 
antedates the variety work at the Station. J.C. Utter, Mt. 
Carmel, began growing beans in 1890. W.H. Stoddard, in 
a paper before the Macoupin County Farmers’ Institute in 
December, 1898, reported several years’ experience with 
the crop. C.A. Rowe, Jacksonville, began to grow the crop 
in 1899. Ralph Allen, Delavan, and Frank Hurrelbrink, 
Taylorville, were also among the early growers.
 “Pioneer growers were located in central, south-central, 
and southern Illinois. In these areas production made 
considerable progress before any signifi cant acreage was 
noted in northern Illinois. In fact, not until after 1919 did 
the acreage in the northern portion of the state make any 
appreciable gain. Since that date the acreage has steadily 
increased, and much greater production can be predicted now 
that earlier maturing varieties are available.”
 Note 1. This is the earliest document seen (Aug. 2003) 
that mentions Taylorville, Illinois, in connection with soy 
beans.
 Note 2: In a 1956 speech titled “Sixty years of soybeans 
in Illinois,” W.L. Burlison said that this bulletin was “a most 
comprehensive publication dealing with nearly all phases of 
soybean management... This bulletin, after almost a third of a 
century, enjoys a wide interest.”
 Note 3. Tables, fi gures, and photos are described in a 
separate record.

812. Hackleman, J.C.; Sears, O.H.; Burlison, W.L. 1928. 
Soybean production in Illinois (Continued–Document 
part II). Tables, fi gures, and photos. Illinois Agricultural 
Experiment Station, Bulletin No. 310. p. 465-531. June. [26 
ref]
• Summary: Tables: (1) Comparisons for a ten-year period 

of the yields of corn and soybeans on the standard plots in 
the south-central rotation, University South Farm, Urbana. 
(2) Comparison of yields of cowpeas and soybeans on the 
university experiment fi elds at Unionville and Oquawka 
in the extreme southern and western parts of Illinois. (3) 
Comparative response of red clover and soybeans to soil 
treatment on dark-colored silt loam soils. (4) Infl uence 
of soybeans on yield of corn in a rotation of corn, corn, 
corn, and soybeans, south-central rotation. (5) Infl uence 
of soil treatment on yields of soybean hay, University 
Experiment Fields. (6) Infl uence of soils treatment on 
yields of soybean seed, University Experiment Fields. (7) 
Effect of inoculation on composition and yield of Manchu 
soybeans, University Farm, Urbana, 1924. (8) Number of 
nodules on two varieties of soybeans grown on limed and 
unlimed plots, University South Farm, Urbana, 1925. (9) 
Effect of space between rows on yields of soybean hay 
and seed crops, University South Farm, Urbana. (10) Yield 
of corn in corn and soybean companion crop experiment, 
University Farm, Urbana. (11) Yield of corn and of 
soybeans in corn and soybean companion crop experiment, 
University Farm, Urbana. (12) Total digestible nutrients, 
digestible crude protein, and net protein produced per acre 
by corn and soybeans as companion crops, University 
Farm, Urbana. (13) Dekalb fi eld: Soybean seed production, 
annual yields of the different varieties and their percentage 
ratings using Ito San as the standard for comparison. 
(14) Dekalb fi eld: Soybean seed production, comparable 
average yields of the different varieties using Ito San as 
the standard for comparison. (15) Dekalb fi eld: Soybean 
hay production, annual yields of the different varieties and 
their percentage ratings using Ito San as the standard for 
comparison. (16) Dekalb fi eld: Soybean hay production, 
comparable average yields of the different varieties, using 
Ito San as the standard for comparison. (17) Urbana fi eld: 
Soybean seed production in south-central rotation, annual 
yields of the different varieties and their percentage ratings 
using Ebony as the standard for comparison. (18) Urbana 
fi eld: Soybean seed production in south-central rotation, 
comparable average yields of the different varieties using 
Ebony as the standard for comparison. (19) Urbana fi eld: 
Soybean seed production in northwest rotation, annual yields 
of the different varieties and their percentage ratings using 
Ebony as the standard for comparison. (20) Urbana fi eld: 
Soybean seed production in northwest rotation, comparable 
average yields of the different varieties using Ebony as the 
standard for comparison. (21) Urbana fi eld: Soybean hay 
production in south-central rotation, annual yields of the 
different varieties and their percentage ratings using Ebony 
as the standard for comparison. (22) Urbana fi eld: Soybean 
hay production in south-central rotation, comparable 
average yields of the different varieties using Ebony as the 
standard for comparison. (23) Urbana fi eld: Soybean straw 
production in south-central rotation, annual yields of the 
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different varieties and their percentage ratings using Ebony 
as the standard for comparison. (24) Urbana fi eld: Soybean 
straw production in south-central rotation, comparable 
average yields of the different varieties using Ebony as 
the standard for comparison. (25) Urbana fi eld: Soybean 
straw production in northwest rotation, annual yields of the 
different varieties and their percentage ratings using Ebony 
as the standard for comparison. (26) Urbana fi eld: Soybean 
straw production in northwest rotation, comparable average 
yields of the different varieties using Ebony as the standard 
for comparison. (27) Percentage composition of three 
nitrogenous concentrates.
 Figures (photos unless otherwise stated): (1) Map 
of Illinois showing the distribution of soybeans into four 
different production categories based on the percentage of 
total soybean acreage grown alone: (1) 0-20%. (2) 20-40%. 
(3) 40-60%. (4) 60-100%. Soybeans are grown alone mainly 
in the southern half of Illinois. The practice of planting 
soybeans with corn, then putting both mature crops into the 
silo, predominates in the dairy section of northern Illinois. 
(2) Well-selected seed is necessary for good results. A 
photo depicts various samples of seeds, some of which are 
in good condition while others are rotted, split, or cracked. 
(3) A thoroly inoculated soybean plant. Photo of a soybean 
plant’s roots, containing nodules. (4) Inoculating soybeans 
by the “muddy-water” method. (5) Drilling soybeans in a 
well-prepared seed bed. (6) Drilling four rows of soybeans 
at a time. (7) A rotary hoe breaking the crust that forms after 
rains. (8) The rotary hoe is also widely used in cultivating 
drilled soybeans. (9) Another tool for cultivating soybeans. 
The harrow may be used effectively provided the work is 
done frequently enough to kill each crop of weeds while 
in the seedling state. A light harrow can be used until the 
beans are 6 to 8 inches high. (10) Cultivating soybeans with 
a weeder. (11) Beet and bean cultivator used for soybeans. 
(12) Harvesting a good crop of Manchus with the combine. 
(13) Two and a half tons of excellent hay. (14) A thirty-
four bushel crop of Illinois on the university farm. (15) A 
promising crop of Manchus.

813. Wiancko, A.T.; Walker, G.P.; Mulvey, R.R. 1928. 
Legumes in soil improvement. Indiana (Purdue) Agricultural 
Experiment Station, Bulletin No. 324. 24 p. July. [6 ref]
• Summary: “Summary:... Clover and other legumes are 
the only crops that have the power of utilizing free nitrogen 
from the air. A two-ton crop of clover will gather about 100 
pounds of nitrogen.
 “Besides increasing the nitrogen and organic matter, 
legumes improve the physical, chemical and biological 
conditions of the soil.
 “In experiments conducted in various parts of Indiana, 
crop rotations containing legumes produced 7.6 bushels of 
corn and 5.0 bushels of wheat per acre more than rotations in 
which no legumes were grown. These averages are for 100 

crops on eight experiment fi elds during the last 21 years.
 “Clover and other legumes may fail to do well because 
of soil acidity, poor drainage, lack of phosphate, potash or 
organic matter, or the use of unadapted seed.
 “To succeed with clover, alfalfa or sweet clover, wet 
soils must be drained; acid soils must be limed; phosphate 
will nearly always be needed and sometimes potash is 
required.
 “Clover is the most practical legume for general farm 
use in Indiana. When clover fails, soybeans and cowpeas are 
good substitutes to fi ll its place in the rotation.
 “The more recently introduced legumes, such as alfalfa, 
soybeans and sweet clover will usually need to be specially 
inoculated with their particular nitrogen-gathering bacteria 
when fi rst used.
 “Some legumes are more tolerant of poor soil conditions 
than red clover. Alsike is best for wet and somewhat acid 
soils. Soybeans are best for hay and seed on acid soils, 
while cowpeas do well on light sands in southern Indiana. 
In southern Indiana lespedeza is the best pasture legume 
for the thin acid soils. It has become a very popular pasture 
crop.” Address: Dep. of Agronomy, Purdue Univ., Lafayette, 
Indiana.

814. Prairie Farmer (Illinois Edition). 1928. Indiana’s 
pioneer soybeaner. 100(34):24. Aug. 25.
• Summary: “A.A. Parsons, 82-year old Hendricks county, 
Indiana, farmer is the pioneer soybean grower of the state. 
He started to grow soys 37 years ago [i.e. in 1891] after 
having several failures with clover. He experimented around 
with all kinds of legumes before fi nding soybeans fi tted in 
with his rotation. He says that he almost succeeded with 
hairy vetch before trying soys.
 “When he started with soys the only three varieties 
known in America were Early Yellow, Medium Late and 
Very Late. He grew the fi rst two varieties for 20 years before 
better varieties were selected. When he fi rst started with 
soys he tried for three years to inoculate beans with clover 
inoculation and fi nally sent to Manhattan, Kansas, for dirt 
for inoculation. ‘Folks thought I was crazy,’ he said. ‘Later 
when I decided to grow sweet clover I wrote to Professor 
Latta at Purdue University and asked him for some advice on 
the crop. He wrote back ‘that if I had a plant of it on the farm 
that the best thing to do was pull it up immediately.’
 “Parsons has six sons and they have all been soybean 
growers. Parsons has made several selections of bean 
varieties that are proving satisfactory in Indiana. In spite of 
his age he is still anxious to learn about beans and was one 
of the interested visitors at the Edmondson farm meeting in 
Hendricks county, on August 15.”
 A photo shows Adrian A. Parsons, wearing a coat and 
tie, apparently taken at the time of the interview.
 This article also appeared in the Indiana edition of The 
Prairie Farmer (p. 24).
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 Note: This is the earliest document seen (July 2016) in 
which the term “soybeaner” (or “soybeaners”) was used. 
It appeared in three different articles in this issue of The 
Prairie Farmer. It was later used by Jerome Dies.

815. Baldwin, I.L. 1928. Some recent results of studies with 
the nodule forming organisms. Proceedings of the American 
Soybean Association 2:22, 25-26. Ninth annual fi eld meeting. 
Held 15-17 Aug. at Indiana. Talk given at Purdue University.
• Summary: “The successful growth of soybeans is 
dependent upon an effective association between certain soil 
bacteria and the soybean plant. The bacteria enter the roots 
of the plant and cause the plant to form swellings or nodules 
on the roots, which house the bacteria. Such plants, are said 
to be nodulated or inoculated. Soybeans are very high in 
nitrogen and few soils contain enough available nitrogen 
to support the full development of the plant. Through the 
association with the bacteria, the plant is able to use the 
free nitrogen of the air and thus make a satisfactory growth. 
Without the bacteria not only is the yield of the crop low but 
the nitrogen content or quality is also low.
 “All of the legume crops possess the ability of forming 
this association with certain soil bacteria. The same bacteria, 
however, cannot serve for all legumes and the bacteria 
which form nodules on soybeans will not serve with any of 
our other legumes. Soybeans are not native to this country 
and the necessary bacteria are not present in the soil unless 
the fi eld has previously grown a well nodulated crop of 
soybeans. In many soils, these bacteria will live for several 
years without the host plant. In other soils, particularly those 
which are acid and infertile, the bacteria disappear in a very 
short time.
 “When the soil is not already supplied, the bacteria must 
be added either to the seed or to the fi eld, if satisfactory crop 
growth is to be secured. This process is generally referred 
to as inoculation. Two general methods of inoculation are in 
use, (1) the transference of soil from a fi eld known to contain 
the proper bacteria and (2) the addition of pure cultures of 
the bacteria to the seed.
 “Until the last few years it has been generally assumed 
that the presence of nodules on the roots of the plants was 
proof that the plant was utilizing the nitrogen of the air. 
Careful studies of these organisms has shown that this is 
not necessarily true. The strains of the bacteria vary in their 
ability to aid the plant just as the varieties of soybeans differ 
in their productiveness. Some strains of the organism are of 
great benefi t to the growth of the plant. Other strains form 
large numbers of nodules on the roots but do not aid plant 
growth. These strains are essentially parasites since they 
draw from the plant and give nothing in return. Other strains 
of the bacteria are intermediate between these two extremes 
in the aid which they render the plant. Fortunately the 
parasitic strains are much less common than are the others. 
The intermediate strains, however, are quite common.

 “Frequently such terms as ‘well inoculated’ or ‘well 
nodulated’ are used. Unfortunately there is little agreement as 
to the defi nition of such terms. Generally it has been assumed 
that the greater the number of nodules the greater the benefi t 
to plant growth. In many cases, at least, this is not true. In 
studies made with pure cultures under controlled conditions 
in the greenhouse, it has been found that plants inoculated 
with the strains which give the greatest benefi t to the plant, 
usually produce relatively few, large nodules, located on 
or near the top of the tap root. On the other hand the plants 
inoculated with the parasitic strains produce numerous, small 
nodules scattered over the entire root system. The same 
general relationship holds in the fi eld, but many confl icting 
factors are present, which renders it impossible to predict 
with certainty as to the benefi ts which the plant is deriving 
from the association, by an examination of the nodules.
 “Considerable evidence has accumulated from fi eld 
trials that certain strains of the bacteria are particularly well 
adapted to certain varieties of soybeans and not to others. 
These fi eld indications have not been followed up by careful 
studies in the greenhouse with pure cultures and under 
controlled conditions. With other legumes, however, we do 
have cases in which the effectiveness of the bacterial strain 
is dependent upon an association with a particular host plant, 
and it is not unlikely that such relationships may occur with 
the soybean nodule bacteria.
 “Since these strain variations exist in the cultures as they 
are derived from natural sources, it is pertinent to inquire 
into the factors which cause them to arise. In nature, the 
organisms are from time to time subject to two different 
environments, (1) life in association with the plant and (2) 
independent life in the soil. The cumulative effects of these 
environments must be responsible for the changes which 
occur in the bacterial strains. Very little careful study has 
been made of the effects of these environments. It has been 
found, however, that repeated direct passage from one plant 
to another may cause profound changes in the characteristics 
of a bacterial strain. With some strains, such plant passage 
increases their ability to benefi t the host plant, and with other 
strains exactly the reverse occurs.
 “From these studies of strain variations, host plant 
specifi city, and the effect of plant passage in modifying strain 
characters, it is evident that two opposing factors are at work 
in any association between the bacteria and the plant. First, 
there is a parasite action and the bacteria have an injurious 
effect on the plant. Second, the association with the bacteria 
makes atmospheric nitrogen available for the growth of the 
plant and the growth of the plant is increased. The effect 
of nodule formation on plant growth is thus the resultant 
of these two opposing factors. Fortunately the net result is 
usually quite favorable to the growth of the plant.
 “These studies have already given much of practical 
value, in that it is now possible to prepare commercial 
cultures with bacterial strains of known value to the plant. 
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A continuation of the studies promises much in the way of 
selection and development of better bacterial strains based on 
a thorough knowledge of the relationships existing between 
the plant and the bacteria.” Address: Univ. of Wisconsin.

816. Harper, Horace J.; Murphy, Henry F. 1928. Some 
factors which affect the inoculation of soybeans. J. of the 
American Society of Agronomy 20(9):959-74. Sept. [18 ref]
• Summary: Contents: Introduction. Review of the literature 
(“on the inoculation of soybean plants”). Results of 
experiments... Summary.
 There are several factors, one or all of which may affect 
nodule formation. These may be divided into three main 
groups:
 “1. Virility and specifi city of the organism or resistance 
of the plant to infection.
 “2. Composition and concentration of the soil solution.
 “3. Moisture relationships in the soil.” Address: 1. Prof. 
of Soils; 2. Assoc. Prof. of Soils. Both: Dep. of Agronomy, 
Oklahoma A&M College, Stillwater, OK.

817. Helz, G.E.; Whiting, A.L. 1928. Effects of fertilizer 
treatment on the formation of nodules on the soybean. J. 
of the American Society of Agronomy 20(9):975-81. Sept. 
Abstract in Revue. Agron. Trop. Bot. Appl., 10:615. [3 ref]
• Summary: Contact of fertilizers with inoculated seed under 
ground appears to prevent nodule formation.
 “Applications of 200 and 400 pounds per acre of 
potassium chloride in soil of 10, 25, and 40% moisture 
content killed the nodule organisms on soybean seed when 
the seed was placed in intimate contact with the salt” 
[fertilizer]. Address: Dep. of Agricultural Bacteriology, Univ. 
of Wisconsin, Madison, WI.

818. Farming in South Africa. 1928. Field husbandry. 
3(32):1078-80. Nov.
• Summary: “Transvaal University College: The problem of 
fi nding more suitable legumes for rotation with maize in the 
main maize belt is being tackled at Pretoria in co-operation 
with the Transvaal University College at their Experiment 
Farm where special facilities are available.
 “The effect of inoculation together with liming has 
given a marked increase of nodule formation with soya 
beans resulting in an increased nitrogen activity in the 
soil. Pot experiments conducted under more controlled 
conditions have confi rmed this. Various types of artifi cial 
cultures have been imported and compared to strains already 
available. Varietal trials on rate and distance of planting 
have been carried out with soya beans, cowpeas, fi eld beans 
and peanuts. A wide range of soya bean varieties has been 
introduced with the object of fi nding the non-shattering type 
which is most suited to Transvaal conditions.”

819. Farming in South Africa. 1928. Inquiries from farmers: 

Soil inoculation. 3(33):1183. Dec.
• Summary: “Lidgetton.–What measures must be adopted to 
bring about the inoculation of soil for soya-bean cultivation?
 “Cedara School of Agriculture replies: Inoculation can 
be brought about by the use of inoculated soil or by the use 
of a culture. The simplest form is to use soil from an area 
that has produced soya-bean with nodules, and to use this 
through the fertilizer attachment of the planter, at the rate 
of 300 to 400 lb. per acre. Soil should be taken from the 
top layer. Success largely depends on applying the soil in 
direct contact with seed, and not exposed to direct rays of 
sunlight.”

820. Erdman, L.W.; Fife, J.M. 1928. Studies on nitrogen-
fi xation by inoculated soybeans. In: R.B. Deemer, et al. 
1927. Proceedings and Papers, International Congress of 
Soil Science, First. Washington, D.C.: American Organizing 
Committee. xiii + 706 p. See 3:166-71. Held June 13-22, 
1927 in Washington, DC. 24 cm.
• Summary: This paper attempts to answer the question: 
“What degree of inoculation on soybeans must be secured 
before any appreciable quantities of nitrogen are fi xed from 
the atmosphere?”
 “The results show that soybeans offer very little promise 
as a soil-building crop unless they are exceptionally well 
inoculated, and that the degree or intensity of the inoculation 
on soybean roots determines to a large extent the amount 
of nitrogen fi xed from the atmosphere. Where the plants 
are only slightly inoculated the amount of nitrogen fi xed by 
soybeans is practically negligible, but when they are very 
well inoculated very appreciable amounts of nitrogen may be 
expected to be taken from the atmosphere.
 “Conclusions: The following conclusions may be drawn 
from this study:
 “The per cent of nitrogen in inoculated soybean 
plant tops and roots increases with increasing intensity of 
nodulation.
 “The amount of nitrogen fi xed from the air by inoculated 
soybeans is proportional to the degree of nodulation on the 
roots.
 “The per cent of nitrogen fi xed by inoculated soybeans 
decreases in the soybean plant tops and increases in the roots 
as the degree of nodulation on the roots is increased.
 “Lime alone, and in combination with acid phosphate, 
increased the amount of nitrogen fi xed from the atmosphere 
by inoculated soybeans.”
 Note: The authors seem to use the words “inoculation” 
and “nodulation” interchangeably. Address: Iowa State 
College [Ames, Iowa], U.S.A..

821. Hosking, H.R.; Buckley, F.E. 1928. An investigation 
upon the soya bean in Trinidad. Dissertation presented 
for the Associateship of the Imperial College of Tropical 
Agriculture (AICTA). 50 p. Department of Agriculture 1927-
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28. [13 ref]
• Summary: Contents: 1. Introduction. 2. Aims of the 
investigation. 3. The soy bean. 4. Introductory remarks on 
selection. 5. Previous history of the three original plots. 6. 
Preliminary observations on the three varieties. 7. Selection 
work and further observations. 8. Planting out the progeny 
rows. 9. Germination of the progeny. 10. Field observations 
upon the progeny. 11. Harvesting the progeny. 12. Characters 
of the harvested beans. 13. Consideration of the bean 
weights, etc. 14. Comparison between the parents and 
their progeny. 15. Seed characters of the progeny. 16. The 
environment and soil. 17. Conclusions. 18. Final conclusions 
and recommendations for further work: Varieties to be 
carried on, manuring, ridging, reduction of exposure, the 
time of planting. 19. Literature cited. 20. Appendix.
 “Introduction: On the arrival of the writers at the 
Imperial College of Tropical Agriculture, St. Augustine, 
Trinidad, early in October 1927, an investigation was started 
upon the Soy Bean. At this period there were three small 
plots, of roughly one tenth of an acre each, upon which there 
were three types of Soy Bean Growing. These contiguous 
plots were at the north end of a fi eld which had been under 
Tobacco for some time–and have since again gone under 
Tobacco. Plot I consisted of a Venezuelan strain which had 
been imported from Venezuela. Plot II was an American 
variety with large brown beans–probably a Biloxi. Plot III 
was under of crop of Indian Soy Beans which had been 
imported from Darjeeling the previous year. It was from this 
material that the subsequent selections were made. Early 
in October 1927 the three plots were well on the way to 
maturity, and all showed vigorous growth and appeared to be 
quite healthy.” The soil in which they were growing had been 
manured more than any other part of the College Farm.
 “The three plots had been sown [four soybeans to each 
hole] on July 15th 1927 which is close to the beginning of 
the rainy season in a normal year. Consequently they were 
ripening off in the hottest time of the year. One of the fi rst 
things to strike the newcomer was the entire absence of root 
nodules on any of these bean plants.
 “Aims of the investigation: To attempt to isolate a pure 
line of Soy Beans–or pure lines–suitable to the climatic 
and soil conditions of Trinidad. The larger sugar estates of 
Trinidad are searching for a Leguminose [leguminous] crop 
which can be grown between the cane rows from which 
cattle food can be obtained and also green manure... If the 
beans were developing nodules they would also enrich the 
soil by the fi xation of nitrogen. It is understood that cream or 
yellow beans are of greater value commercially than brown 
beans...”
 Seeds of the best looking plants were selected in mid-
November 1927, then progeny rows were planted in 4 plots 
from December 19-23 on Field E (144 by 300 feet) of the 
College Farm. Germination of the seed was very poor. 
The Venezuelan variety gave the most promising results. 

“The American strains of Biloxi did not appear to be worth 
the trouble of any further work...” “The writers strongly 
advocate that in the future Soy Beans should be sown on 
ridges, owing to the special nature of the St. Augustine soil.” 
Wind breaks should be built to avoid excessive transpiration. 
“The time of planting is of the utmost importance in 
Trinidad.” The period from Nov. 15 to 20 is considered best. 
The authors observed nodulation of uninoculated soya beans 
in Trinidad.
 Note 1. This is the earliest document seen (May 2009) 
concerning soybeans in Venezuela. It seems likely that 
soybeans would have been cultivated in Venezuela by this 
time, but we cannot be sure.
 Note 2. No mention is made of the soya beans grown in 
Trinidad by 1913. Report of the Botanic Station, Montserrat 
(1913) says: “... soil was sent by the Imperial Commissioner 
of Agriculture and came from a fi eld in Trinidad where the 
soy bean had shown some success.”
 Letter from Sonia Manjoo, Documentalist at CARDI 
(Caribbean Agricultural and Research Development 
Institute). 1996. June 20. This dissertation is housed in the 
West Indian Collection of the University of the West Indies, 
Library, St. Augustine Campus, Trinidad and Tobago. 
Address: Trinidad.

822. Mumford, H.W. 1928. A year’s progress in solving 
some farm problems of Illinois. Illinois Agricultural 
Experiment Station, Annual Report 41:1-322. For the year 
ended June 30, 1928.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crops: Promising yielders 
found in new soy strains (p. 52-54). Illini makes record 
three-year average (p. 55). Worth of soybean nodule bacteria 
varies widely (p. 55-56). Double duty of some legume 
bacteria confi rmed (p. 56). Phosphorus involved in wheat 
yields after soys (p. 56-57).
 Livestock investigations: Soybeans need not be ground 
for cattle (p. 88-89). No way found to avoid soft pork from 
soybeans (p. 139-40). Feeding of soybeans will be tried 
further (p. 140). Soybean meal as good as meat scraps for 
chicks (p. 172).
 Dairy investigations: Thickness [planting density] 
affects quality and yield of soybean hay (p. 181). Corn and 
wheat only grains to show profi t (Threshed soybean costs 
shown in detail) (p. 210-12). Facts sought on soybean costs 
and practices (p. 212).
 Agricultural economics: Soybean marketing complicated 
by bigger volume (p. 219-21). Farm mechanics: Combines 
again do well in soybean harvesting (p. 243-47; “Soybeans 
were again harvested successfully with combines during 
1927, the third year the E.W. Lehmann, R.I. Shawl, and I.P. 
Blauser, Farm Mechanics, have tested this machine in the 
harvesting of this crop. Losses for eleven different machines 
of fi ve different makes operated under both good and bad 
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conditions averaged only 11.38 percent a machine”). Table 
86, titled “Effi ciency of combines in harvesting soybeans,” 
shows for each make: Size (width, 8¼ to 16 feet), type 
(power take-off or auxiliary motor), condition of beans (dead 
ripe + leaning, or down), height (plate, stubble, lowest pods), 
width of row (7 to 34 inches), acre yield (bushels, from 
machine, total), acre loss (bushels, from cutter bar, total), 
percentage of loss (from machine, cutter bar, total), moisture 
content.
 “Soybean meal as good as meat scraps for chicks” (p. 
172): “Expensiveness of protein supplements commonly 
used in rations for growing chicks makes it worthwhile for 
the practical poultryman to compare the cost of the various 
supplements, as well as their effi ciency in promoting growth, 
with a view to producing each pound of chicken at the 
least practicable cost. Because of the increasing interest in 
soybean production in the state, it seems worthwhile to fi nd 
out to what extent soybean protein may be used in rations for 
growing chickens, as a substitute for the usual animal protein 
supplements.
 “It is for this reason that L.E. Card, Poultry Husbandry, 
has been studying the value of soybean oil meal as a protein 
supplement in rations for young chickens. All chickens used 
were grown indoors on board fl oors so that their food intake 
could be controlled. Twenty chicks were used in each lot and 
they were kept on the experimental rations until eight weeks 
old.
 “It was found that soybean oil meal could be used to 
replace meat scrap and that the chickens fed the soybean 
oil meal were in every way as good as those raised on meat 
scrap, provided there were no other limiting factors. Since 
commercial meat scrap contains a considerable amount of 
mineral matter as well as protein, it is necessary to supply 
minerals in some form to the soybean ration in order to make 
sure that the only varying factor is the protein. It was found 
that 4 percent of steamed bone meal and 1 percent of salt 
supplied the mineral needed, when 20 parts of meat scrap 
were replaced with 20 parts of soybean oil meal.
 “One interesting point brought out during the 
investigation, which is being continued for another year, 
was that it is possible to overdo the matter of mineral 
feeding. When 4 percent of bone meal was added to a 
ration containing 20 percent of commercial meat scrap, the 
chickens did not grow normally and showed symptoms of 
leg weakness closely resembling rickets. If the bone meal 
was removed by the time the chicks reached four weeks 
of age, they seemed to make almost complete recovery.” 
Address: Dean and Director of the Station, Urbana, Illinois.

823. Vivenza, A. 1928. La coltivazione della soja in Italia e 
nelle sue Colonie [The cultivation of the soybean in Italy and 
in its colonies]. Atti della Societa Italiana per il Progresso 
delle Scienze (Perugia) 16:375-93. Oct. 30 to Nov. 5, 1927. 
[3 ref. Ita]

• Summary: Contents: Introduction. The soybean (La 
soja). Characteristics of the plant (and places where its 
cultivation is being tested). Varieties of soybeans. Ecological 
requirements. Cultural requirements. Current state of 
soybean cultivation in various countries: France, Spain, 
Central Europe, United States and Canada, Manchuria, 
Ceylon, New South Wales (Nova Galles del Sud). More 
recent soybean trials in Italy (Manvilli, Bottari, Marignoli 
in Spoleto, Ferrero in Sardegna, etc.). Experiments 
conducted at Perugia. Cultivation of soybeans in the Italian 
colonies (experiments in Italian Somalia, Libya (Tripoli), 
and potential in the Eritrean plateau (l’Altipiano Eritreo)). 
Ploughing under soybeans as green manure. Possibilities for 
cultivating soybeans on a vast scale in Italy. Conclusions.
 Pages 388-89 discuss cultivation of soybeans in the 
Italian colonies. “The amazing ability of soya to benefi t 
from intense sunlight, provided that the soil does not lack a 
certain level of humidity, makes one think of the potential of 
this crop on the fertile, well-watered soil of Italian Somalia. 
In this region, a legume very similar to the soybean has 
already been cultivated for several years and with excellent 
results–Vigna sinensis, called ‘cowpea’ by the Americans. 
This should be an indication of conditions favorable to the 
cultivation of soybeans, probably also as an intercrop.
 “I understand that soybean experiments are being 
conducted by the large agencies of S.A.I.S. (Società Agricola 
Italo-Somala [Italo-Somalian Society of Agriculture]) in the 
Scidle (under Uebi Scebeli) headed by the eminent S.A.R., 
the duke of Abruzzi.
 “The agricultural director of these agencies, Dr. 
Giuseppi Scassellati-Sforzolini, who is handling the 
experiment with great skill and interest, relates however 
that the initial results are less than satisfying. But these tests 
do not rule out altogether the soybean crop’s potential for 
success in our colony.
 “In Libya, under the care of the Offi ce of Experimental 
Agriculture in Tripoli, experimental cultivation of soybeans 
was carried out this year, but with negative results. In the 
autumn, the soybean plants demonstrated little resistance 
to the cold, and in the spring they showed a need for much 
irrigation.
 “This information led me to the esteemed Prof. G. 
Leone, director of agricultural services of Tripolitania, who 
among other things, supports a repeat of the experiments 
next year.” However the author apparently favors phasing 
out the planting of crops like the soybean in Libya.
 “Further experimentation by the worthy Istituto agrario 
sperimentale di Tripoli [Experimental Agricultural Institute 
of Tripoli] will determine if soya resists normal minimum 
temperatures in the spring and the notorious gibli winds, and 
therefore will decide defi nitively on the possibility of spring 
crops in non-irrigated lands. If indeed possible, soya could 
then be planted in autumn, grow during the winter, and ripen 
in spring to either whole dry soybeans or green forage. Of 
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course it would need to be provided with the introduction 
and diffusion of the specifi c nitrogen-fi xing bacteria it 
requires.
 “With regard to the Eritrean Colony, it can’t be denied 
that on the Eritrean plateau, soya could become successfully 
cultivated. But this is also awaiting experimental resolution.” 
In summary: Soya had been cultivated in Somalia and Libya 
by Oct. 1927.
 “In Italy the soy bean cannot be grown as a second crop 
following a cereal, but only as a principal crop, partially 
replacing maize, beets or beans. Irrigation is needed for best 
results in the arid conditions of southern Italy... The early 
varieties of soy bean are the only ones which can be grown 
in Italy, and the yield of these is rather low, 5-20 bu. per acre, 
depending on soil fertility. While the culture of the soy bean 
in Italy may sometimes be usefully substituted for that of 
maize or beans, no great hopes should be built on it. Hitherto 
very few experiments have been made of soybean cultivation 
in the Italian colonies. The indications are that it would 
succeed in Somaliland and on the Eritrean plateau [Note 
that Eritrea is a province in northern Ethiopia; its capital is 
Asmara]. This is less probable for Libya, where the irrigated 
zone is limited and occupied by other more remunerative 
crops.”
 Note 1. This is the earliest document seen (Aug. 2009) 
concerning soybeans in Libya, or the cultivation of soybeans 
in Libya. This document contains the earliest date seen for 
soybeans in Libya, or the cultivation of soybeans in Libya 
(by Oct. 1927). The source of these soybeans is unknown.
 Note 2. This is the earliest document seen (Aug. 2009) 
concerning soybeans in Somalia, or the cultivation of 
soybeans in Somalia. This document contains the earliest 
date seen for soybeans in Somalia, or the cultivation of 
soybeans in Somalia (by Oct. 1927). The source of these 
soybeans is unknown.
 Note 3. This is the earliest document seen (Aug. 2009) 
concerning soybeans in connection with (but not yet in) 
Eritrea and Ethiopia.
 Note 4. Libya was occupied by Italians in 1914. The 
provinces of Tripolitania (in northwestern Libya) and 
Cyrenaica (in northeastern Libya) were united in 1934. 
Tripoli is a region in north Africa (in today’s Libya) and a 
seaport city on the Mediterranean in that region. Long the 
object of Italian aspirations, Tripoli was fi nally ceded to Italy 
by Turkey as a result of the Tripolitan War (1911-12); under 
Italians the entire western part of the colony of Libya (1912-
19) became known as Tripolitania; it was separated from 
Cyrenaica in 1919 and reunited in 1929. In 1934 the settled 
portion in the north was divided into four provinces for 
administrative purposes; one of these was Tripoli. Address: 
Professor.

824. Wright, Philip G. 1928. The tariff on animal and 
vegetable oils. New York, NY: The Macmillan Co. xviii + 

347 p. Index. 19 cm.
• Summary: On the title page, under the author’s name: 
“With the aid of the Council and Staff of the Institute 
of Economics.” The “Director’s Preface,” by Harold G. 
Moulton begins (p. vii-xi): “Within the last decade a new 
set of economic relationships between the United States 
and the rest of the world has developed... The tariff, as 
the most important expression of the trade policy of this 
country, requires a fresh examination, and this the Institute 
of Economics has undertaken.” The present study is one of a 
series on agricultural products.
 The Introduction begins (p. 1): The tariff acts of 1921 
and 1922 placed heavy duties on linseed, cottonseed, peanut, 
coconut, soya bean, and edible olive oils. Three of these oils, 
cottonseed, coconut and soya bean, were previously on the 
free list... Flaxseed, cottonseed, peanuts, and soya beans, 
raw materials of four of the above-mentioned oils, were also 
made dutiable at high rates, two of them, cottonseed and 
soya beans, being removed from the free list.” Other oils, 
including perilla and sesame oils, remained on the free list. 
“The duties were not so much in the interest of the producers 
of the oils as of the producers of the raw materials of the oils; 
namely, dairymen, soya bean” growers, etc.
 Chapter 2, “Properties, uses, and commercial importance 
of the fatty oils,” discusses 10 different vegetable oils: 
Castor oil, Chinese nut or tung oil, coconut oil, corn oil, 
cottonseed oil, linseed oil, olive oil (grown mostly in Spain 
and Italy, with some in California), palm oil and palm 
kernel oil, peanut oil, and soya bean oil. It also discusses 
5 animal fats, incl. butter substitutes and whale oil. A table 
(p. 37) shows “Production, consumption, imports, and 
exports of cottonseed oil, 1920-1926.” Cottonseed oil ranks 
fi rst among U.S. vegetable oils in both production and 
consumption (including edible and inedible consumption). In 
1914 production reached 1,790 million lb and consumption 
was 1,589 million lb, or 89% of the output and 64% of the 
consumption of all vegetable oils in the USA. Production 
then fell due to the boll-weevil, and by 1922 it had sunk 
to but little more than half its level in 1914. Since that 
year there has been a rapid recovery. Production in 1926 
reached 1,760 million lb, and accounted for about 55% of 
all the vegetable oil consumed in the USA that year (p. 36). 
Corresponding fi gures are given for the other oils discussed 
in this chapter.
 The section on “Soya bean oil” (p. 50-52) has the 
following contents: Raw material, properties and uses, 
methods of production, table showing production, imports, 
and exports of soya bean oil for the years 1914, and 1919-
1926.
 The soya bean is not grown to any considerable extent 
in the USA for its oil. “It is grown rather for forage and 
for introducing nitrogen into the soil.” The quantity of oil 
“produced” in the USA (refi ned from crude oil imported 
from the Orient) is less than 2% of domestic consumption. 
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The crude oil “has a distinctly ‘beany’ taste and odor. When 
refi ned and deodorized it is light yellow, nearly odorless 
and tasteless, closely resembling refi ned cottonseed oil. 
It is primarily a soap oil, but is also a semi-drying oil and 
hence is used in the manufacture of paints, varnishes, oil 
cloths, linoleums, and printers’ inks. As a drying oil it is 
for most purposes inferior to linseed but may be mixed 
with linseed in proportions not to exceed 20 per cent with 
satisfactory results. For some uses it is used alone and is 
said to be superior to linseed. Finally, when refi ned, and, if 
necessary, hydrogenated, it is an edible oil and is used, but 
not extensively in the United States, in the manufacture of 
lard substitutes, oleomargarin, and as a salad oil. The value 
of soya bean oil has been fully appreciated only within 
recent years... Refi ning and especially hydrogenation have 
expanded its usefulness. It is now among the most important 
of the vegetable oils.”
 The oil, constituting about 18% of the bean, “is obtained 
by crushing or by the use of a solvent, such as benzine. A 
higher percentage of the oil content of the bean is obtained 
by the use of a solvent–95 as against 50 to 75 per cent–but at 
a loss of the oil cake.” “The chief sources of imports of soya 
bean oil are China (especially Kwantung [Manchuria]) and 
Japan. Both imports and exports have declined greatly since 
1919. European countries import large quantities of the beans 
for crushing. This, however, is not the practice in the United 
States and there is no record of imports of soya beans.”
 A full-page table (p. 108) gives “Rates of duty on 
principal fatty oils, under tariff acts from 1909 to 1922 
inclusive.” Figures are given for 33 oils and fats. Soybean oil 
was imported free of any duty under the tariff acts of 1909 
and 1913. In 1921 the rate of duty was 20 cents/gallon or 
2.667 cents/lb. In 1922 it was slightly lower, 2½ cents/lb.
 Another full-page table (p. 109) gives the “Rates of 
duty on specifi ed raw materials of vegetable oils” under the 
same 4 acts. In 1909 Soya beans had the highest duty of any 
oilseed, 45 cents per bushel of 50 lbs. In 1912 and 1921 they 
came in free. In 1922 the duty was ½ cent/lb. A table (p. 132) 
shows the rise in price of various oils (incl. soya bean) from 
June 1921 to Dec. 1923 and Dec. 1925.
 Chapter 7, titled “Effects of recent tariff changes on 
prices, production, and trade” includes a discussion of soya 
bean oil (p. 218).
 In Chapter 8, titled “What shall we do with the oils 
duties?,” the section on “The food oils” begins (p. 233-
37): “The duties on cottonseed, peanut, and soya bean oils 
have failed to accomplish the purposes for which they were 
imposed or have done more harm than good... In the case 
of soya bean oil the price difference has been increased 
by virtually the full amount of the duty, and to this extent 
domestic crushers of soya beans have doubtlessly benefi ted. 
But it is very doubtful whether this benefi t has extended to 
growers.”
 The appendix contains numerous statistical tables which 

include information on soybean oil: I. Domestic production 
of the principal oils and fats, 1914 and 1919-1926 (p. 260-
61). II. Imports of the principal animal and vegetable oils 
and fats for the years specifi ed (1914-1926) (p. 262-63). III. 
Exports of the principal animal and vegetable oils and fats, 
1914, and 1919-1926 (p. 264-65). IV. Domestic consumption 
of the principal animal and vegetable oils and fats, 1914, 
and 1919-1926 (p. 266-67). V. Data indicating the extent to 
which the United States is self-suffi cient in the production 
of the fatty oils (1920 and 1926) (p. 268-71). VI. Domestic 
production and foreign trade [imports & exports] of the 
United States in raw materials of the vegetable oils, 1914 
and 1919-1926 (p. 272-73). VII. Revenues derived from 
imports of the principal animal and vegetable oils and fats, 
by months, Jan. 1920 to Sept. 1927, inclusive (p. 274-75).
 Note: This is the earliest U.S. document seen (Sept. 
2003) that analyzes the effects of tariffs and other U.S. 
government policies on soya beans and soya bean oil.
 Also discusses: hempseed oil, oil cake (Chinese nut, 
coconut, cottonseed, linseed, soya bean), and peanuts. 
Address: Inst. of Economics, Washington, DC.

825. Farming in South Africa. 1929. Inquiries from farmers: 
Pasture for milk production. 3(34):1231. Jan.
• Summary: “Hidcote.–What would be the best mixture of 
crops or single crop as a milk-producing pasture crop for 
February, March, and April grazing? Should I grow cowpeas 
or soya beans as the legume? This district is more suitable 
for soya beans, but I have not the soya bean culture in the 
fi eld I wish to use. Further, cowpeas are of indeterminate 
growth and would they not, therefore, stand grazing better 
than soya beans? I believe cowpeas become temporarily 
poisonous after a slight frost and, therefore, would not soya 
beans be better and safer? Would Algerian oats or some 
other variety of oats be better than say Italian rye grass, in a 
mixture of crops? Would anything else improve the mixture?
 “Cedara School of Agriculture replies: Soya beans or 
cowpeas will give you the highest quality pasture for milk-
production. Since your soils are not inoculated for soya 
beans, I would suggest growing cowpeas, unless your soil is 
exceptionally well supplied with nitrogen, in which case the 
soya beans can be grown quite satisfactorily without forming 
nodules. Cowpeas also withstand grazing better than soya 
beans. It may best serve your purpose to grow a proportion 
of both crops. There are, however, other methods of 
obtaining high protein-content grazing for milk-production, 
and it may be more profi table to make use of these and 
utilize your cowpeas or soya beans as hay. You will get a 
greater yield per acre in the form of hay than if the crop were 
grazed off...”

826. Williams, C.B. 1929. Soybean growing in North 
Carolina. North Carolina State College of Agriculture, 
Extension Circular No. 127. 19 p. Jan. Revised.
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• Summary: Contents: Introduction. The growing plant. 
Distribution in North Carolina. Soybeans vs. cowpeas. 
Soybeans compared with peanuts. Suitable varieties of 
soybeans (for seed and for hay; in the mountains, piedmont, 
or coastal plain: Biloxi, Herman, Laredo, Mammoth Yellow, 
Otootan Southern Prolifi c, Tokyo, and Virginia). Selection 
and preparation of the soil. Inoculation essential. Kinds of 
fertilizer to use. Seeding and cultivation. Rotations with 
soybeans (for coastal plain soils, for piedmont soils, for 
mountain soils). Soybeans in mixtures (with sweet sorghum, 
millet, or corn). Harvesting for hay. Harvesting for seed. 
Soybeans soil improvement. Soybeans for soiling purposes. 
Soybeans for pasturage. How soybean crop is utilized (in the 
United States and in North Carolina by percentages). Cost 
of growing the beans. Crushing beans from the standpoint 
of millmen and farmers. Products secured by oil mills in 
crushing (oil, meal). What can oil mills afford to pay for 
beans. Possibilities as indicated by important uses of soybean 
products (soybean oil and meal). Some advantages to farmers 
of soybeans over other oil-bearing seed crops.
 “North Carolina produces from 18 to 20 per cent of the 
soybean crop of the United States grown for all purposes 
including seed, hay, and soiling. Approximately 19 per cent 
of all soybean seed is produced by North Carolina Growers. 
The acreage planted annually in the state is now about equal 
to that of cowpeas and the crop from year to year is fi nding 
favor with growers in new territory.”
 “Inoculation essential: Soybeans, like other legumes, 
are characterized by their ability to take free nitrogen from 
the air, if the soil is inoculated with the proper bacteria for 
this crop. In growing soybeans on land for the fi rst time, 
especially in a locality where this crop has not been grown 
previously, it will pay to inoculate the soil by either using 
soil from an inoculated fi eld or one of the commercial 
cultures. The latter may now be secured at very reasonable 
prices. In some parts of the state I would say, however, 
that the bacteria suitable for inoculating this crop seem 
to be quite widely distributed in the soil. When soybeans 
are planted on many soils, it will usually be found that 
nodules are present on the roots in large numbers by natural 
inoculation. Experiments have shown that something like 50 
per cent more nitrogen was found in the stems and leaves of 
soybeans which were planted on inoculated soil than in those 
grown on uninoculated soil.
 “Kinds of fertilizer to use: As soybeans on inoculated 
soil will be able largely to gather their nitrogen from the 
atmosphere, it will not be necessary to add but little, if any, 
commercial nitrogen. However, if the soil is poor it will pay 
to make an application of barn-yard manure or add suffi cient 
cotton-seed meal, nitrate of soda, sulphate of ammonia, or 
other commercial carriers of nitrogen to give the fertilizer 
mixture 1 to 2 per cent nitrogen. Ordinarily from 200 to 300 
pounds of 16 per cent acid phosphate and 25 to 50 pounds 
of muriate of potash will supply the necessary amount of 

phosphoric acid and potash needed by this crop when grown 
on average soils in the eastern part of the state. The acid 
phosphate alone will be suffi cient to add on average soils 
in the piedmont and mountain sections. With poor soils, 25 
to 30 pounds of nitrate of soda or sulphate of ammonia per 
acre will supply suffi cient nitrogen if the crop is inoculated.” 
Address: Chief, Div. of Agronomy, North Carolina State 
College of Agriculture and Engineering, Raleigh.

827. Edmondson, J.B. 1929. Growing soybeans in the corn 
belt: This crop is putting hay into barren mows. Prairie 
Farmer 101(6):3, 33. Feb. 9.
• Summary: “No system of agriculture can hope to be 
permanent that is not built on the solid foundation of 
legumes and livestock.” It is hopeless to try to grow 
livestock profi tably “without legume pastures in the summer 
and legume hay in the winter...” Discusses: The place of 
soybeans in crop rotation. Importance of buying good seed 
from a reliable source, based entirely on a rigid germination 
test–not on appearance. Importance of inoculation. Planting 
in rows makes cultivation easier; use an ordinary corn planter 
with wheels set at 32 inches. Making soybean hay, incl. 
curing. Harvesting soybeans for seed; the combine. “Always, 
the problem of harvesting [soy] beans has been one of 
saving them from shattering and from weather exposure...” A 
combine causes little shattering. Threshing and storage.
 Photos show: (1) A portrait of J.B. Edmondson wearing 
a white driving cap, glasses, and a black bow tie. (2) An 
“airplane view of his farm.” Address: Hendricks county, 
Indiana.

828. Baldwin, I.L.; Fred, E.B. 1929. Nomenclature of the 
root-nodule bacteria of the Leguminosae. J. of Bacteriology 
17(2):141-50. Feb. [19 ref]
• Summary: The authors designate 5 species of Rhizobium 
bacteria that cause root nodules to form on legumes. One of 
these is designated Rhizobium japonicum (Kirchner) comb. 
nov., the only species that is generally assumed to nodulate 
the soybean (Soja max). Address: Univ. of Wisconsin, 
Madison.

829. Fertilizer Green Book. 1929. Inoculation tripled weight 
of soy-bean hay. 10(2):27. Feb.
• Summary: “To plant soy beans from the same lot of seed 
in the same fi eld during the same summer with the same 
amount of fertilizer and make one plot yield three times the 
weight of cured hay as another plot is an accomplishment 
worthy of mention. Such a large increase, measured in terms 
of the weight of dried hay, resulted during the past summer 
from the inoculation of soy bean seed with nodule bacteria, 
according to observations and measurements recently 
completed by specialists in soil microbiology of the United 
States Department of Agriculture.”
 The 30-acre fi eld was on the farm of F.R. Fred, near 
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Middleburgh, Virginia.
 “Dr. E.B. Fred, of the University of Wisconsin, Dr. 
Charles Thom, chief of the division of microbiology and 
L.T. Leonard, bacteriologist of the Bureau of Chemistry and 
Soils, inspected the fi eld.”

830. Erdman, Lewis W. 1929. The percentage of nitrogen 
in different parts of soybean plants at different stages of 
growth. J. of the American Society of Agronomy 21(3):361-
66. March. [3 ref]
• Summary: Four soybean varieties were grown: Manchu, 
Dunfi eld, Midwest, and Peking. While soybeans mature, 
as the percentage of nitrogen in the nodules decreases, 
there is a corresponding increase in nitrogens in the tops of 
the plant, and especially in the seeds. “In the early stages 
of growth there is a gradual decrease in the percentage 
of nitrogen in soybean tops, but during September the 
percentage of nitrogen begins to increase and usually 
reaches a maximum at maturity.” Address: Formerly Asst. 
Chief in Soil Bacteriology, Iowa Agric. Exp. Station. Ames. 
Presently, Head, Bacteriological Lab., The Nitragin Co., Inc., 
Milwaukee, Wisconsin.

831. Taylor, W.E. 1929. Soy beans for profi t. John Deere Co. 
32 p. 24 cm.
• Summary: Contents: Introduction. Soy beans. Growing 
soy beans. Varieties. Inoculation. Planting. Cultivating. 
Harvesting. Soy beans for pork production. Uses of the soy 
bean. Conclusions. Address: Director, John Deere’s Soil 
Culture Department.

832. Thornton, H.G. 1929. Infl uence of number of nodule 
bacteria applied to seeds upon nodule formation in legumes. 
J. of Agricultural Science (Cambridge, UK) 19(2):373-81. 
April. [4 ref]
• Summary: This experiment was done using lucerne and 
runner beans, however the author cited previous studies on 
soybeans in sand culture by A.T. Perkins (1925) who found 
“that the number of nodules was increased when the number 
of bacteria per seed was raised from 1 to about 50, but 
that more bacteria than this did not produce more nodules. 
From this result he concludes that ‘after a certain degree of 
infection is reached the host is immune to further infection.’” 
Address: Dep. of Bacteriology, Rothamsted Experimental 
Station, Harpenden [England].

833. Times (London). 1929. Soya cultivation: Royal Empire 
Society’s offer. May 6. p. 22, col. 7.
• Summary: “As a result of two meetings held last month 
it was decided that the Royal Empire Society formerly the 
Royal Colonial Institute, should encourage soya cultivation 
in the British empire and a Soya Cultivation Committee 
was set up with Mrs. E.A. Hornibrook, Fellow of the Royal 
Empire Society as honorary secretary. Through the courtesy 

of Dr. L. Berczeller of Vienna, tubes of Soya bacteria 
are now available in London and soya seed in bacteria 
cultures may be obtained through Miss Hornibrook, at cost. 
Recognises the importance of inoculation. Entomology ‘The 
soya will grow well wherever.’ Through the discovery of a 
special process of fractional distillation the objectionable 
elements in the bean can now be cheaply removed and the 
meal [fl our] rendered fi t for human consumption. A factory 
has been established in England, and as soon as British beans 
are available preference will be given to these. An important 
consideration is that the tropical fl ours such as arrowroot, 
sweet potato canna tarro and banana fl our can now, by 
admixture with soya meal, be manufactured into wholesome 
and economical biscuits and cakes. Soya chocolate has 
already become popular on the continent and Empire cocoa 
producing countries should therefore benefi t greatly. Further 
information will shortly be available in the Journal of the 
Royal Empire Society.”
 Note: This is the second earliest document seen that uses 
the word “soya” as a noun.

834. Empire Production and Export (J. of the British Empire 
Producers’ Organisation). 1929. Empire soya cultivation: 
Uses of the fl our. No. 153. p. 111-12. May. [1 ref]
• Summary: Contents: Introduction. Production–inoculated 
soil. Cultivation and manufacture. U.K. demand. “With a 
view to stimulating the cultivation of the Soya Bean in the 
British Empire, a movement has been inaugurated by Mrs. 
Ettie A Hornibrook. A meeting in London, organised by 
Mrs. Hornibrook, was recently addressed by Dr. Berczeller, 
a Hungarian scientist, who has devised a new process of 
manufacturing Soya fl our so as to render it fi t for human 
consumption.”
 Mr. Berczeller is willing to supply tubes of suitable 
strains of bacteria for inoculation of soybeans, plus 
directions, to any Bacteriological Laboratories requesting 
them. Mrs. Hornibrook’s address is given as c/o The 
Soya Cultivation Committee, Royal Empire Society, 
Northumberland Ave., London, W.C.
 “The demand for the soya bean and its products in the 
United Kingdom is shown by the fact that during the years 
1923-1927 the United Kingdom imported soya beans and 
products to the value of £12,767,092 from foreign countries; 
from British countries she imported only 533 tons of the 
Soya and its products, to the value of £6,556. Practically all 
this material was required for home consumption.”
 In closing his address, Dr. Berczeller stated: “To 
promote the consumption of soya fl our, a suitable 
organization is essential, the special object of which will be 
to teach the people the dietary value of the soya fl our and the 
proper household methods of using it. On these lines, soya 
fl our will surely become popular within a comparatively 
short time. People do not easily take up any food to which 
they are unaccustomed, but teaching will overcome their 
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prejudices.
 “Especially for the native populations of the British 
Empire, soya fl our will be invaluable at the present time. 
The proper feeding of the native populations is not only a 
problem for the White Race, but it is an obvious duty. To 
help the natives on these lines, we must know far more of 
their food and nutrition than we know at present.” Address: 
Editorial and Publishing Offi ces: 3,5&7, Old Queen Street, 
Westminster, London, S.W.1.

835. Moore, R.A.; Delwiche, E.J.; Briggs, G.M. 1929. 
Soybeans–A good legume crop borrowed from the Orient. 
Wisconsin Agricultural Experiment Station, Bulletin No. 375 
(Revised ed.). 32 p. May. Revision of April 1925 Bulletin 
No. 375. [1 ref]
• Summary: Contents: Introduction. Soybeans provide 
rich concentrate for livestock feeding. Soybean oil meal or 
oilcake. Corn and soybeans grown together. Soybeans for 
silage. Soybeans for pasture. Soybeans improve the soil. 
Where is it profi table to grow soybeans? Soybeans fi t into 
rotation: In cultivated area, in grain area, in hay portion of 
farm. Preparing the soil. Inoculation necessary fi rst year. 
How to inoculate. Planting soybeans. Planting with corn. 
Care of growing crop. Harvesting soybeans: For hay, for 
silage, for seed. Threshing soybeans. Storing the crop. 
The soybean plant. Selecting the variety. Tests of soybean 
varieties. Best varieties for Wisconsin: Wisconsin Early 
Black, Pedigree Mandarin, Ito San, Manchu, Black Eyebrow, 
Midwest. Table III (p. 28) gives the uses of soybeans (hay, 
seed, silage, hogging and sheeping off) recommended for 
northern, central and southern Wisconsin. Table IV gives 
average yields of soybeans at Madison, Wisconsin, 1917-24. 
First trials with soybeans at Wisconsin Station (1901).
 Page 32 states: “In 1902 several small fi elds of soybeans 
were planted with the object of seeing whether or not it was 
profi table to have hogs do the harvesting of the soybeans... 
Tests determining whether or not it was advisable to grow 
soybeans in connection with corn for silage were carried on 
not only by the station, but in connection with 500 members 
of the Wisconsin Experiment Association.
 “As early as 1910, soybean centers were established 
at Ellis Junction, Stevens Point, Grand Rapids, and near 
Friendship. In these parts of the state, soybeans were grown 
in large quantities and sold to various farmers living in the 
sandy regions. Eight hundred members of the Wisconsin 
Experiment Association were furnished with soybeans in a 
single year and grew them for seed. Through this method of 
procedure, soybeans were grown in large quantities and the 
seed sold to farmers.”

836. Wilson, J.K.; Leland, E.W. 1929. The value of 
supplementary bacteria for legumes. J. of the American 
Society of Agronomy 21(5):574-86. May. [7 ref]
• Summary: “Conclusion: Although results for only 

one season have been obtained relative to the value of 
supplementary legume bacteria for certain legumes on fi eld 
plats, it is believed that the plat yields, together with the 
results of previous studies concerning the legume bacteria, 
in the soils of these plats which have extended over three 
seasons and have been published elsewhere, may indicate 
that a more general use of-artifi cial cultures to supplement 
the legume bacteria which the soil naturally supports can 
profi tably be used, even though the soil may contain a 
considerable number of the proper legume organisms.”
 Soy is mentioned twice in this article, in the form 
“soybeans.” Address: 1. Prof. of Soil Technology; 2. 
Experimentalist in Soil Technology. Both: Dep. of 
Agronomy, Cornell Univ., Ithaca, New York.

837. Plainfi eld Messenger (Indiana). 1929. Obituary: Adrian 
A. Parsons. 50(32):2. Aug. 8.
• Summary: Parsons was born 7 Nov. 1846 in Greensboro, 
North Carolina, the son of Nelson Yancy Parsons and Elvira 
Swain Parsons. At age six, he moved with his parents to 
Indiana and settled in Hendricks County. His sturdy physique 
during his early years “stood him in good stead in the 
performance of the endless work of that time.” His respect 
for the dignity of labor followed him through life.
 At an early age he developed a desire for education. 
Throughout his life he was a zealous student, and always 
deeply religious.
 During the Civil War, at age 17, he enlisted in Company 
I, 9th Indiana Cavalry, and served with distinction. On 16 
Nov. 1864 he was wounded on the fi eld of battle in Franklin, 
Tennessee, and left for dead. Nine days passed before he 
received surgical attention. So great were his physical 
powers that he survived. He was honorably discharged on 13 
Aug. 1865. He returned home and attended Earlham College 
for two years.
 On 10 April 1870 he was married to Mary Ann [sic, 
Mariah] Fox [in Washington Township, Hendricks County. 
The daughter of Barney Fox and Hannah Gossett, she had 
been born on 19 Dec. 1850 in Washington Township]. They 
had nine children. Their youngest child died in the world 
war on 21 Oct. 1918. Mary Ann Parsons departed this life at 
the old family home, WaPeKeWay Farm on 27 Oct. 1922. 
Their surviving children are Lester W., Norman E., William 
N., Ethyl, Edith, Gilbert R., Mary, and Chester. Also 34 
grandchildren mourn his death.
 In 1886 Adrian purchased and moved into his late home, 
and from that time until the time of his death he was deeply 
interested in agricultural development. At about that time he 
was united with the Friends Church [Quaker] at Plainfi eld.
 Adrian departed this life on 1 Aug. 1929 at the age of 
82 years and 8 months. “Adrian Parsons never followed 
the beaten path. He thought, he planned, he originated, and 
always for the betterment of mankind, with no consideration 
for his own remuneration.
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 “His entire life was marked by a deep reverence for 
God. His eyes were ever open to God’s miracles in the 
workings of nature. His heart was fi lled with love for all 
mankind and especially little children. And when the call 
came to him to cross into the Great Beyond, his last words 
and the smile on his face gave evidence of a triumphant 
entrance there–the temple fi nished.”
 Lee Parsons, a great-grandson of Adrian, adds (letter of 
23 Aug. 2000 to William Shurtleff): “Dad told me that this 
obituary was written by Ethan Kendell, a Danville attorney 
and old family friend. It is interesting that no specifi c 
mention is made of his work with soybeans.”
 Adrian spelled the name of his farm Wa-Pa-Ka-Way 
Farm, but nowadays everyone else spells it Wa-Pe-Ke-Way; 
it is the Miami Indian name of White Lick Creek.
 Adrian bought this farm, the family home place, in 1884 
while he was living in Danville. It was about one mile away 
from his former home. He moved onto that farm in 1886.
 Concerning religion: Adrian’s mother was a Quaker 
from North Carolina and his father was a Methodist–at the 
time of their marriage. His mother was “separated from 
fellowship” from marrying a non-Quaker. Adrian’s religious 
upbringing is not clear, but he could not have been a Quaker 
at the time he enlisted to fi ght in the Civil War since most 
Quakers refuse to fi ght in any war. Lee believes that he did 
not join a Quaker church until about 1900.
 Adrian generally worked to improve agriculture and 
for the betterment of others–but he did sell the soil from his 
farm to those wanting to inoculate soybeans, which indicated 
some “consideration for his own remuneration.” He also had 
a temper with those he felt had wronged him–especially J.B. 
Edmondson and Doc Holdley, his neighbor.
 He was loved by children, and was a living legend 
among his many grandchildren. Lee’s dad and the others “all 
had wonderfully warm memories of Adrian.” He was a great 
family man. Adrian had the habit of giving his grandchildren 
books for Christmas. In the front he would inscribe: “For 
the Parsons Boys’ Library.” There were fi ve boys in Lee’s 
father’s family. Lee still has many of those books. Lee 
Parsons still has books he inscribed This obituary and the 
story of his death are the two best obituaries of Adrian 
Parsons.

838. Edmondson, J.B.; Edmondson, C.V.; Rushton, C.J.; 
et al. 1929. The Mid-State Soybean Association and the 
Dunfi eld. Proceedings of the American Soybean Association 
2:101-06. Tenth annual fi eld meeting. Held 22-23 Aug. at 
Guelph, Ontario, Canada.
• Summary: In writing a sketch of the Mid-State Soy Bean 
Association (based in Hendricks and Morgan Counties, 
Indiana), it is diffi cult to determine “whether it was this 
association or the Dunfi eld soybean that fi rst made its 
appearance on the stage; for we fi nd that from the fi rst these 
two have been so closely associated that it is diffi cult to 

consider the one separate from the other.
 “Several years ago, W.A. Ostrander, then head of the 
crops extension department at Purdue, made arrangements 
to hold a soybean variety demonstration on the farm of J.B. 
Edmondson, in southern Hendricks County. This was about 
the time that the idea of growing soybeans as a permanent 
crop in the rotation was emerging from the dream stage into 
practical use. A number of varieties were sent to be tested.”
 The Dunfi eld attracted attention because it defi ed the 
tendency of most soy beans to shatter.
 “In the meantime, the invasion of the soybean had 
steadily gained ground and had claimed as its victims a 
number of enterprising young farmers in southern Hendricks 
County. As the experience of these men grew, so did their 
enthusiasm. Thus it was that the spring of 1924 found 
several thousand bushels of soybeans to be marketed in the 
community, with the prospect of all these growers competing 
with each other for the market. Out of this situation grew the 
idea of forming an organization, not only to consider market 
problems, but all other phases of soybean culture as well.
 “The fi rst meeting was called at the suggestion of 
A.T. Edmondson, a one-time inspector of aeroplanes for 
Uncle Sam during the war; that was before the soybean 
bug got hold of him. The outgrowth of this meeting was the 
Mid-State Soybean Association. Three things of primary 
importance were agreed on, which no doubt contributed 
largely to the success of the venture later. First, the members 
agreed to grow and market one variety of beans only; second, 
that all members should attempt to grow only certifi ed seed 
of uniformly high quality and purity; and third, that absolute 
square dealing with the public should be the iron-clad rule of 
every member.”
 The one soybean variety chosen by the association was 
the Dunfi eld–which was then an unknown variety with no 
pure seed available.
 “Beginning with a new and unknown variety, the 
association in its four years of existence has seen the variety 
which it sponsored become a leading one in Indiana and 
adjoining states. During the spring of 1928, over 6,000 
bushels of certifi ed Dunfi elds were distributed to growers in 
ever direction, without satisfying the demand.
 “The education policy of the association has been broad 
and defi nite. Every possible means of disseminating soybean 
knowledge to the public has been seized on; and all members 
have been expected to use special care in giving defi nite, 
practical information on soybean growing to whomever may 
inquire.”
 “Any permanent system of farming must be based 
on a rotation in which the legumes are the main support. 
Eliminate the legume crops and what you have left is a fl at 
wheel, headed straight for the junk pile... Impoverished 
soil, unsatisfactory crop yields, empty hay mows, barren 
pasture fi elds, and skinny livestock are the inevitable marks 
of a legumeless farm... The permanent use of soybeans 
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in a rotation of corn, soybeans, wheat or oats, and clover 
admirably meets this situation... The clover crop is always 
risky; if it goes out, you have the soybeans to fall back on, 
either for hay or grain feed.”
 “Most farmers who grow soybeans are soon entered on 
the list of soybean ‘cranks.’ But on close analysis we fi nd 
that the soybean crank is not a crank at all; he is an enthusiast 
for a cause; and like all enthusiasts he is not slow to tell 
the world about where he stands, for his feet are planted 
on solid, well inoculated ground. He follows a rotation that 
really rotates.”
 The weed problem: “Weeds are a perpetual menace 
to soybeans and not infrequently inexperienced growers 
are overwhelmed by them. The one great chance to get the 
weeds is before seeding time. Consequently, a good practice 
is for early plowing, dragging the ground down and letting 
it lie long enough for the weeds to sprout. Then they can be 
killed at one mighty stroke with the disk.” Sowing in rows 
and cultivating “gives us tremendous advantage in fi ghting 
the weeds, especially after an untimely wet spell. One the 
weeds and grass get rooted, nothing except a cultivator can 
disturb them very much, and where the beans are drilled 
solid, about all the farmer can do is sit on the fence, grit his 
teeth and pull his hair. In all cases, however, a good thick 
stand of beans is essential in controlling weeds.
 “The harvesting problem: No greater advancement has 
been made in any farm practice than in the harvesting of the 
soybean crop in the central west... Only a short time ago, the 
story of a soybean harvest was one of bitter disappointment; 
of a fi ne crop shattered on the ground; of beans moulding 
and rotting in the windrow; of inability to persuade a 
thresherman to bring his outfi t and thresh them at any price... 
The introduction of non-shattering varieties was the fi rst 
step toward easier harvesting, and made possible the use of 
present day methods and machinery... The non-shattering 
varieties and the combine are a good combination and under 
average conditions will greatly increase the number of 
bushels harvested per acre and cut the cost of harvesting to a 
fraction of its former cost. In harvesting beans, there are two 
important points to keep in mind.” (1) Do not harvest until 
the moisture content falls to the level desired for storage. 
(2) Use a low cylinder speed in the machine that threshes 
the crop. “A machine running at the high speed required for 
threshing wheat is sure to break a high per cent of the seed 
and will lower the germination on the rest.”
 Photos show: (1) Nine prominent members, dressed in 
white shirts and ties, each holding a straw hat and standing 
in a fi eld of soybeans: J. Benj. Edmondson (president), 
Clarence V. Edmondson (secretary-treasurer), Ralph W. 
Edmondson, Alva T. Edmondson, J. Frank Edmondson, C.J. 
Rushton, Albert Harlan, William E. Lydick, and C. Walter 
Thompson. All reside in Indiana. (2) “Special equipment 
on binder for handling lodged soys.” (3) Many bags of 
certifi ed Dunfi eld soybeans on a back of the fl atbed truck. 

(4) A tractor pulling a planter in an empty fi eld. Address: 
Hendricks & Morgan Counties, Indiana.

839. Fouts, Taylor; Fouts, Noah; Fouts, Finis E. 1929. 
Soyland–Fouts Bros., Camden, Indiana. Proceedings of the 
American Soybean Association 2:92-97. Tenth annual fi eld 
meeting. Held 22-23 Aug. at Guelph, Ontario, Canada.
• Summary:  Note: This article is written in a light, witty 
style.
 “The name ‘Soyland’ is but a modern name applied to 
farms that have been under cultivation since earliest pioneer 
days in Carroll County. Our grandparents located where the 
forests were easiest to subdue, and drainage most direct; 
hence the Creek farms along the winding Creek Road have 
been our heritage. We are still exemplifying the pioneer 
spirit in its application to present times, for we take an active 
interest in things pertaining to soil and crop improvement, 
and the betterment of the farmer’s method in managing his 
farm as a producing, profi table, proposition.
 “We have been ‘up against’ the actual problem of worn 
soils, and know the need of the incessant application of 
necessarily economic methods to transform these poor soils 
into fertile fi elds, and at the same time realize reasonable 
returns. We hope that our success, and our failures as well, 
may be stepping stones upon which our fellow farmers will 
be able to build for themselves better farms, and a happy 
country life.
 “Fellow farmers, although these may be strenuous and 
unattractive times for the farmers–’the weeds grow thick 
and furious, and the bugs sure get penurious’- yet ours is 
a job of wholesome activity, and replete with possibilities 
of achievement and contentment. Could we but see the 
wonderful miracles of nature being transacted daily in our 
fi elds, the transformation of common dirt and water and air 
into the complicated and specialized plants with which we 
now deal–we would sing more songs to King Corn, Lady 
Wheat, Miss Oat, Mr. Potent Clover, as we would now give 
this tribute to our favorite–’Queen Soybean.’
 “Soybeans! Soybeans! You’re like a Musical Band
 “To the Farmer who’s tuned for the ‘Best on his Land.’
 “Microbic Composers, on the millionth wave length,
 “Sing ‘love’ to the Rootlets as they’re reveling in 
strength.
 “The Chlorophyll hums in the rays of ‘Ole Sol,’
 “And frosts, rains and winds are a ‘medley with Soys.’
 “The ‘Pop o’ the Pods’ is Jazz to the Pigs-
 “Puts pep in the Porkers–they grunt and grow big.
 “The ‘Rustle o’ Leaves’ to the Lamb is sublime,
 “He waltzes right up in full zest and on time.
 “The harvests of hay, pastures and seed-time
 “Give enchantment to tune and thrill to the chime.
 “The Kiddies they hop to the ‘Jingle o’ Coin’
 “That Daddy rakes in while Soy Music’s a goin’!
 “Oh! Soybeans! Soybeans! You’re a symphony grand



NITROGEN FIXATION IN SOYBEANS (1887-2018)   413

© Copyright Soyinfo Center 2018

 “To the Farmer who’s tuned for the ‘Best on his Land.’
 “In this brief article we will stress only the phases 
of soybeans that relate to soil improvement and practical 
utilization for the crop on the farm. With all due appreciation 
for the splendid commercial outlets or markets for soybeans 
as a concentrate, and cash product–we do feel that a broadly 
used system of ‘farm consumed soybeans’ is the healthiest 
basis upon which to build the industry. Large farm utilization 
will ultimately mean a good surplus for commercial uses–
both seed and oil-mills.
 “Legumes are very essential in a soil improvement 
program–we must use more of the legumes. Legumes furnish 
the ‘home’ for the wonderful nitrogen-gathering bacteria 
that develop on the root system in forms called nodules, and 
these colonies of bacteria have power to draw the nitrogen 
from the air–use it in their daily processes of growth, and 
evidently feed it to the plant also daily, and besides at end 
of season’s growth, the roots and colony decay and become 
an abundant source of plant nitrogen available for following 
crops. Without these bacteria the soybean plant must draw 
nitrogen from the soil similar to corn, oats or wheat. Careful 
analysis of the plant residues and adjacent soil indicate that 
properly inoculated soybeans in one season’s growth draw 
around 25 to 150 pounds of atmospheric nitrogen and deposit 
it as plant food nitrogen–worth approximately $10 to $25 per 
acre, commercially. Of course, a good fertile soil is a good 
favorable place for healthy development of legumes bacteria. 
However, the soybean bacteria adapt themselves to a wide 
range of soil conditions, even withstanding an acid soil 
handicap, and also a wet or dry, warm or cold soil. This gives 
soybeans a wonderful advantage over the clovers and alfalfa, 
and should prove a friend indeed to a farmer in need! Our 
own faith has been shaken many times with clovers because 
of acid soils, but soybeans not only saved the ‘day in need,’ 
but we believe indirectly made our soil more fertile and 
physically fi t as a home for clovers later on, at least we are 

having better success with clovers after several 
years of soybean growing on the acid reacting 
fi elds. Incidentally the utilization of soybean hay 
and straw, and feeding of livestock, have been 
important.
 “Inoculation is very important for the fi rst 
crop on any particular fi eld. Either a reliable 
commercial culture, or else well inoculated 
soil may be used. Inoculation increases yields 
of both seed and total plant weight. Wisconsin 
Experiment Station has found increase of 60 
pounds of seed on richer soils up to 324 pounds 
of seed increase on medium light soils per 
acre. In some seasons there may be no apparent 
difference in size or looks of seed grown from 
inoculated and un-inoculated seed. However, 
there is a difference by careful analysis. In a 
dry season the dry weight yields showed an 

average gain due to inoculation of 247 pounds per acre. 
The inoculated plants showed an increase of 9.29 per cent 
nitrogen per acre, compared with the un-inoculated plants. 
During a cool, wet season the inoculated plants showed a 
gain of 1,640 pounds per acre over the un-inoculated plants, 
and also an increase of 15.4 per cent nitrogen per acre. 
Another two year average on eight farms showed a gain 
of 1,108 pounds per acre dry weight, for inoculation. The 
average increase in nitrogen content of the inoculated plants 
was 44.58 pounds per acre-equivalent, or 278.63 pounds 
more protein than from un-inoculated plants.
 “In Ohio it was shown that seeds of inoculated plants 
contained 42.47 per cent protein–while the un-inoculated 
only contained 35.26 per cent protein. ‘Soybean’ Smith many 
years ago, as pioneer in hogging off soybeans, observed 
that hogs had a decided preference for soybean pasturage 
and seed grown from inoculated seed, as compared to un-
inoculated part of fi eld-all free choice demonstration.
 “From such defi nite results it is certainly advisable to 
inoculate seed soybeans to be utilized as forage-seed, and for 
the ‘lands sake’ especially.
 “Rotation Suggestions: Soybeans, as a catch crop and 
for hay, pasture or seed, is unsurpassed.
 “2-year–Soybeans and wheat (sowing sweet clover, 
plow under in May). Soybeans and oats (clover or rape 
seeded for fall pasture). Soybeans and corn (beans in corn, 
hogged or lambed off).
 “3-year–Soybeans and wheat or oats, and clover pasture 
complete. Soybeans and small grain with clover-corn 
(beans).
 “4-year–Soybeans, small grain, clover pasture, seed-
corn (beans). Soybeans, small grain (clover)-corn crib-corn 
(beans, stock).
 “Utilization of the Soybean Crop: No phase of the 
soybean proposition is more important than a realization of 
the many ways in which soybeans may be utilized for profi t 
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and convenience. When we farmers fully appreciate how to 
turn the crop, into cash and soil improvement, it is easy to 
learn the ‘how’ and ‘why’ of its production. The livestock 
route is most practical, and should be seriously considered in 
all its possibilities.
 “Pasturage While Green: A very practical way of 
utilizing the crop with the least expense and best results 
to the soil is through pasture. Plant thickly in rows so that 
stock tramp mostly between rows in harvesting. Stock may 
be turned into the fi eld when pods are formed and foliage 
abundant and green, gradually progressing to the seed 
stage–a very safe method for sheep and hogs, and especially 
well adapted to their digestive requirements during August 
and September, when other pasture crops are usually dry and 
least desirable. With hogs pasturing soybeans, and having a 
part ration of corn, too, an increase of around 400 pounds per 
acre may be expected for the soybeans alone. Sheep or lambs 
do especially well, producing gains of 350 to 500 pounds 
meat per acre, cleaning up fi elds of beans and weeds ideally 
for fall seeding of wheat or rye. Often, portions of fi elds 
most convenient may be pastured by use of portable fencing 
moved forward as stock clean up the crop.
 “An ideal ration for lambs or a breeding fl ock of sheep 
is to drill oats or barley and soybeans just before corn 
planting. About July 1, fence across a fi eld with woven wire 
and movable supports. Our farms utilized a fi eld with 310 
western lambs from July 5 to August 25. Lambs made gains 
of 508 pounds per acre, and were most all fat enough for 
market. This practice is excellent, the labor element small, 
and soil improvement very best scheme, although the market 
gamble must be considered at all times.
 “Green Manure: The plowing under of soybeans as a 
green manuring crop is a beautiful theory, but little of it is 
done. However, the same results in soil improvement may be 
gotten by fi rst pasturing the crop, then plowing or thoroughly 
discing. The same plant residues and manure is retained on 
the ground, and at same time a nice profi t is raked off to 
balance the costs involved. The thoroughly disced soybean 
pasture residues make an ideal site for fall grains and clovers, 
and supply readily available plant food and much physical 
protection just where needed” (Continued). Address: 1. 
President, American Soybean Assoc., 1920, 1928. All: 
Camden, Indiana.

840. Fouts, Taylor; Fouts, Noah; Fouts, Finis E. 1929. 
Soyland–Fouts Bros., Camden, Indiana (Continued–
Document part II). Proceedings of the American Soybean 
Association 2:92-97. Tenth annual fi eld meeting. Held 22-23 
Aug. at Guelph, Ontario, Canada.
• Summary: (Continued): “Putting corn and beans on the 
hoof: This practice is a very simple and satisfactory method, 
and we have the habit fi rmly established on Soyland. We 
never fi gure just bushels of corn per acre; forget it; it’s 
always pounds of meat per acre, and the King and Queen of 

the fi eld are responsible from plenty of live, juicy meat. One 
year, by offi cial test of county agent and committee, a lot 
of 104 shotes converted a fi eld of 50 bushels of corn, with 
soys additional, into 831 pounds of pork per acre. Another 
lot of 79 shotes made themselves into hogs at rate of 877 
pounds per acre off 10 acres, estimated at 65 bushels of corn. 
At same time a nearby fi eld of corn alone, estimated at 45 
bushels yield, produced only 451 pounds pork per acre. Back 
several years ago we noticed 99 shotes convert a 65 bushel 
yield corn and soys (midwest) into 961 pounds of pork per 
acre. No question about meat production.
 “Converting Corn and Soybeans into Mutton: This 
practice is another great delight, both to the lambs and to us. 
It is ideal feed throughout their stay on the farm. Starting 
on leaves and browsing fence rows about September 1st, 
they move along the cafeteria rows of appetizing feed that 
gradually nears maturity as the lambs become accustomed 
to the more concentrated feed of grains. Plenty of water and 
minerals, good robust bred lambs, corn and beans aplenty; 
no question about meat production. The lambs usually 
increase 20-25 pounds each and go to market fi nished during 
November and December, leaving a neatly cleaned fi eld and 
higher ears available for the crib. Study the market, however. 
Soybeans in corn do greatly enhance the pasture value of the 
stock fi elds for grazing by cows, brood sows and fl ocks, and 
are frequently estimated at $10 per acre practical value.
 “Soybean Hay: It’s becoming more popular each year, 
and there’s a reason for it. Dependable crop, annual, high 
protein content, very appetizing, simple to cure and mow 
away, fi ts into farm rotation, or as catch crop most anyway–a 
superior feed as proven by the animals that eat it greedily. 
Seed drilled solid at rate of two bushels per acre, harrowed, 
rotary hoed and watch ‘em grow. Mow when pods fully 
developed, but green, allow to wilt for day or two, place in 
high doodle for air curing, when brash stemmed, haul to 
barn. However, in bad rainy weather, perhaps best to let lie 
in swath for curing, and then use side delivery rake and hay 
loader when opportunity allows. Yields of 5,000 to 8,000 
pounds per acre of cured hay may be expected. Our cows and 
feeding lambs prefer good soybean hay to any other. Even 
alfalfa is surpassed, although the reason is hard to explain, 
but the proof of the puddin’ is in the eatin’. If soybeans are 
desired for a hog ration concentrate, simply allowing the 
crop to mature on stalk, then use binder or self-rake, cure 
a little and place in barn mow. A fork full rattle proves a 
dinner-bell, always heard.
 “Harvesting for Seed: We have certainly tried all 
methods from the row-gopher blades, mower, self-reaper, 
binder, and our present method, the combine-harvester. Our 
harvest time has always been the great gamble, although 
leaving the crop to thoroughly mature, then cutting it and 
threshing it promptly seems the best procedure with the 
more common equipment. However, the combine certainly 
presents the simplest and most economical method. On 
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normal crop soybeans the saving of seed alone that usually 
shatters out or is left in fi eld as droppings will amount to 
2-5 bushels per acre, an item that will pay for the running 
expenses. The combine does an especially clean job of 
gathering the stalks, and the straw residues are nicely 
scattered again where needed. This straw mulch is ideal 
as protection and food for the following small grain crop. 
Following combine with disc and drill makes quick, 
economic production costs. The combine is likely to stay. We 
may have to adapt varieties and reform practices to insure 
better experience.”
 Photos show: (1) Nodules on the roots of four soybean 
plants. Caption: “Some busy-bee bumps that boost.” (2) 
Harvesting the 1927 soybean crop at Soyland using a 
combine pulled by a tractor. (3) “A cheap and effi cient 
method of harvesting corn and soybeans” (using hogs). (4) 
“Lambing off corn and soybeans.”
 Note: This is the earliest document seen (Oct. 2012) 
that mentions Taylor Fouts (or any other Fouts brother) 
of Indiana actually using a combine on his farm. Address: 
1. President, American Soybean Assoc., 1920, 1928. All: 
Camden, Indiana.

841. King, Perry. 1929. Growing soybeans in Bartholomew 
County [Indiana]. Proceedings of the American Soybean 
Association 2:99. Tenth annual fi eld meeting. Held 22-23 
Aug. at Guelph, Ontario, Canada.
• Summary: The author prefers inoculation with soil from 
the roots of well inoculated plants to commercial inoculation. 
“We save our soil in the fall and screen it before using to 
remove roots and stones, using one quart of screened dirt 
to a bushel of beans. We mix the dirt with a pint of water to 
a creamy consistency, and add two tablespoons of sugar or 
some sticky substance if soil is sandy, to cause dirt to stick to 
the beans.” Details of the process are given. “Direct sunlight 
may kill the bacteria. If too much water is used the bean hull 
will slip.”
 “We have tried several varieties and are now raising two 
varieties of Manchu–black hilum Manchu and a Manchu 
selection which stands erect, grows taller, pods higher, and 
ripens 3 to 5 days later than black hilum Manchus.” A photo 
shows a man with two horses pulling a harrow in rows of 
small soybean plants. Address: Columbus, Indiana.

842. Meharry, Charles L.; Riegel, William E.; Stafford, 
Edmund N.; Withrow, Lewis L.; Crumbaker, James W. 1929. 
Twenty years with soybeans: Conclusions derived from 
experience on Meharry farms. Proceedings of the American 
Soybean Association 2:58-91. Tenth annual fi eld meeting. 
Held 22-23 Aug. at Guelph, Ontario, Canada.
• Summary: This long and detailed article, packed with good 
photos (all but fi ve taken on the Meharry Farms), is one of 
the best seen to date on soybean cultivation. Meharry Farms 
are four in number: Odell, Ridgecrest, and Sugar Grove 

Farms in west-central Indiana and the A.P. Meharry Farm 
in east-central Illinois. Contents: Introduction. Good seed 
is fi rst essential for success with soybeans (certifi ed seed is 
best). Varieties: Adaptation to locality, quality of straw is 
important requirement, seed quality is an important factor, 
experience with varieties, one variety to a farm enough, so-
called “hay mixtures” impractical. Inoculation is important 
and easily done. Seedbed preparation must be thorough: 
Fields should be cleared carefully when soybean follow corn, 
make a well pulverized, compact seedbed. Drilling solid 
is preferred planting method on the Meharry Farms: Two 
inches deep enough, thick seeding gives best results, sow 
soybeans about corn planting time. State of germination of 
weeds determines time to cultivate: Special tools necessary 
(weeder and rotary hoe useful for both corn and soybeans). 
Harvesting: Cut soybeans for hay after seed forms and before 
leaves turn yellow, windrow method a good one, swath 
method of curing hay saves labor, baling soybean hay in the 
fi eld, combine harvesting most economical, moisture content 
determines safety in storage. Utilization: The most profi table 
way to use soybeans is to feed them, seed trade offers good 
market, commercial outlet for soybeans at last a reality 
(“Several commercial fi rms are now grinding and pressing 
soybeans for oil and meal”). Co-ordination with other crops 
and enterprises determines profi tability: Soybeans make 
wheat pay better, spring wheat following soybeans, soybeans 
help distribute farm labor, some suggested rotations for the 
Corn Belt, soybeans lead to diversifi cation of livestock and 
crops. Summary.
 “Success with soybeans depends upon: Good seed, 
adapted varieties, careful inoculation, thorough seedbed 
preparation, proper planting, timely cultivation, economical 
harvesting, intelligent utilization, and correct co-ordination 
with other crops and enterprises. Good soybean crops are 
seldom accidental.”
 Soybean “hay is the dried whole plant, foliage and 
immature seed included. Straw is the residue after ripened 
soybean plants are threshed” (p. 85).
 Photos show: Two teams of horses pulling cultivation 
equipment in a large fi eld. 1. Two sacks of “Certifi ed Seed, 
grown in Indiana, certifi ed by the Indiana Corn Growers 
Association”–the best guarantee of varietal and mechanical 
purity, high quality and germination. 2. Close-up view of 
two samples of super quality Indiana certifi ed Mansoy seed. 
3. Several soybean plants growing nearly 4 feet tall, next to 
a measure. 4. Black Hilum Manchu seeds. 5. “Sweepstakes 
sample of Mansoy soybeans [seeds] at 1928 Indiana Corn 
Show.” 7. Two men seated at machines “roguing” or hand-
picking to eliminate undesirable seed types and maintain 
varietal purity. 8. A sample of so-called “Hollybrook” 
seed from a state which had no workable seed law and 
no certifi cation. Contains much foreign material and non-
soybean seeds. 9. A boy using the “muddy-water” method 
to inoculate soybeans in a fl at-bed truck. 10. A farmer, Mr. 
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Stafford, using a shovel to mix soys during inoculation. 
12. A man and his six horses disking a fi eld of corn before 
plowing, for the soybeans that are to follow. 13. Two teams 
each of horses and mules pulling a well-weighted drag to 
level the furrow slices after plowing and to prepare the soil 
surface to receive and conserve moisture. 14. The trampling 
of many horses is effective in compacting a seedbed. 15. 
After dragging, disk (pulled by 6 horses driven by a man) 
does excellent work because all the disks cut uniformly. 
16. A springtooth harrow, pulled by 6 horses, brings the 
clods to the surface and works fi ne dirt down into holes and 
crevices. 17-18. A cultipacker or pulverizer, pulled by 6 
horses, “is a splendid implement to crush clods and compact 
the seedbed.” 20. A fi eld of soybeans 8-10 inches high. 
The rows are wide apart for inter-row cultivation, which 
saves seed but is uneconomical of labor at the cultivating 
season. 22. Shallow planting (no more than 2 inches deep) 
is a necessity with soys, shown emerging. They make break 
their necks trying to break through a hard crust. 24. “As 
soon a germinated weed seeds can be found in a soybean 
fi eld, the harrow, weeder, or rotary hoe should be used 
vigorously, without consideration of the age or stage of 
growth or germination of the soybeans.” Two photos show 
mules pulling those implements. 25. A soybean plot at the 
Iowa Experiment Station. 26. A man (Mr. Withrow) and 
child searching for germinated weed seed in a soybean 
fi eld; a close-up view of the germinated seed. 27. Young 
soys before and after harrowing. 29 & 31. A rotary hoe, 
pulled by 2 horses, “cultivating little soys” and corn. 30. An 
implement (pulled by 2 horses) “embodying the principle 
of an ordinary weeder is a good tool for tending small 
beans.” 31. This tractor and pair of 10 foot rotary hoes have 
no diffi culty in cultivating 65 to 70 acres of corn per day. 
33. Horses pulling two cultivators. “Soybeans should be 
cultivated as long as weeds keep coming. Plants should be 
thick enough to occupy the ground completely before they 
begin blooming.” Stop cultivating when soys begin to bloom. 
35. Two horses pulling a mower, “the most satisfactory 
implement for cutting soybean hay.” 36. Shocks of soybean 
hay in a fi eld. Shock only after the plants are well wilted and 
before they are dry enough to be stiff. 37. Two horses pulling 
a side-delivery rake, “the best implement for putting soys 
in windrows.” 40. A combine (McCormick-Deering model) 
harvesting soybeans. Pulled behind a tractor it is a proven 
success; it saves more seed and requires less labor than other 
methods. 41. Any good grain separator, properly adjusted, 
will hull soybeans satisfactorily. Powered by a tractor take-
off, this one stands by a huge pile of hay. 42. Similar to No. 
41 but different angle. “The damage done in hulling a crop of 
soybeans on a single farm would often more than pay for all 
the attachments necessary to make a separator do excellent 
work.” 43. Soybeans intercropped with tall corn. 44. Cattle 
gleaning soys from a corn stalk pasture on the A.P. Meharry 
Farm. 45. “More than 35 bushels per acre of wheat on A.P. 

Meharry Farm following soybeans plowed under.” 46. “Seed 
cleaner and grader and elevator leading to overhead bins 
on Odell Farm. The tractor was used only temporarily. This 
machinery is now electrically driven.” 47. “Type of machine 
used to expel oil from soybeans.” Near the base of this huge, 
powerful machine is written “Expeller.” Note: This is the 
earliest document seen (Sept. 2003) that contains a photo of 
an expeller used to make soybean oil.
 48. “Binding ripe soybeans and drilling wheat into 
soybean stubble without seedbed preparation. This practice 
offers a good economy in wheat production.” Two teams of 
horses do the work. 49. Winter wheat following soybeans 
with Odell Farm buildings in background. Drilled into 
soybean stubble, the wheat yielded over 40 bushels per acre. 
50. “Left–Winter wheat killed by the severe winter of 1927-
28. Right–The bare spots in this fi eld were disked thoroughly 
and sowed with soys in very late spring.” 51. “Much clover 
and alfalfa ‘heaved out,’ and looked like this plant in the 
spring of 1928. Even after corn planting such clover can 
be torn up and soybeans substituted. Why be without good 
legume hay because clover and alfalfa have winterkilled?” 
Address: 1. Attica, Indiana; 2. A.P. Meharry Farm, Tolono, 
Illinois; 3. Odell Farm, Attica, Indiana; 4. Ridgecrest Farm, 
Romney, Indiana; 5. Sugar Grove Farm, Romney, Indiana.

843. Wilson, J.K. 1929. The presence of rhizobium on 
agricultural seed. J. of the American Society of Agronomy 
21(8):810-14. Aug. [1 ref]
• Summary: “Summary: Legume and nonlegume seed were 
collected and examined for the presence of the legume 
organism. Each sample was washed and the washings used to 
moisten sterile soil in which was grown a desired host plant. 
The production of nodules on the host plant was taken as 
the criterion of the presence of the legume organism. Fresh 
legume seed examined by this method may, and usually do, 
have on them the legume organism. Old seed are less liable 
to have the organism than fresh seed. It often happens, that 
the seed carry the organisms for several species of legumes. 
In certain cases an examination of 500 grams of seed did not 
reveal the organism, while in others 25 grams were all that 
was necessary. Also nonlegume seed, such as oats, timothy, 
etc., may carry legume bacteria representative of several 
species.”
 Note: Soy is mentioned only once in this document, 
in the form “Manchu soybean.” Address: Prof. of Soil 
Technology, Dep. of Agronomy, Cornell Univ., Ithaca, New 
York.

844. Wilson, J.K. 1929. Acidity changes in stored legume 
seeds. J. of the American Society of Agronomy 21(8):815-17. 
Aug.
• Summary: “While making a study of agricultural seeds 
as carriers of legume bacteria, it was noted that, as a rule, 
seeds several years old had fewer legume bacteria on them 
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than fresh seeds. Two causes were thought to contribute to 
this condition. On one hand, desiccation is known to reduce 
greatly the germ content of soil and it may reduce it on seeds. 
On the other hand, aging of seeds may produce products 
that act as germicides. Some preliminary tests indicated that 
legume seeds several years old were more acid than fresh 
seeds. Acidity studies were made, therefore, of legume seeds 
of varying ages.” The acidity of Soja max seeds from 1924, 
1925, 1926 and 1927 was measured.
 “Conclusion: Seeds of different species of legumes, 
ranging from fresh seed to seeds 10 years old, have been 
tested for acidity. In most eases there has been a marked 
change in reaction. Usually older seeds of a given legume 
have a more acid reaction than fresh seed.” Address: Prof. of 
Soil Technology, Dep. of Agronomy, Cornell Univ., Ithaca, 
New York.

845. Foote, Marian; Peterson, W.H.; Fred, E.B. 1929. 
The fermentation of glucose and xylose by the nodule 
bacteria from alfalfa, clover, pea, and soybean. Soil Science 
28(3):249-56. Sept. [6 ref]
• Summary: Summary: “2. Cultures of Rhizobium meliloti, 
Rhizobium trifolii, Rhizobium leguminosarum, and 
Rhizobium japonicum, when grown in a sugar medium with 
calcium carbonate or basic slag present, show a greater 
destruction of sugar than in a similar medium without 
these basic substances. In the presence of these substances 
approximately three-fourths of the sugar was destroyed in 
75-day-old cultures, whereas in a medium without these 
substances only one-half of the sugar was destroyed in the 
same time.” Address: Wisconsin Agric. Exp. Station.

846. Albrecht, W.A.; Davis, F.L. 1929. Relation of calcium 
to the nodulation of soybeans on acid and neutral soils. Soil 
Science 28(4):261-79. Oct. [14 ref]
• Summary: The improved inoculation of soybean roots 
with B. radicicola, brought about by the liming of acid 
soils, is due to the addition of calcium salts as well as the 
reduction of soil acidity. The natural fertility and previous 
cultural history of the soil are also important factors. No 
apparent relationship exists between the increased nodulation 
and the hydrogen-ion concentration or the amount of 
electrodialyzable calcium of the soil. Soybean organisms 
in clay suspensions are carried down with the coagulum 
during fl occulation with calcium chloride solution, but only 
to an insignifi cant extent when potassium chloride is used. 
Address: College of Agriculture, Univ. of Missouri.

847. Bureau Farmer–Illinois Agricultural Association 
Section. 1929. Soybean industry looks up: Producers 
organize co-operative to assist in developing new markets. 
5(3):9-10. Nov.
• Summary: The Soybean Marketing Association was 
organized at Decatur, Illinois on 16 Oct. 1929 in an attempt 

to get a higher minimum price from soybean processors.
 “With the announcement of $1.50 per bushel delivered 
as the going price for soybeans for the 1929 crop which is 
17 cents more than the price guaranteed by the processors, 
interest in soybean production picked up throughout the 
heavy producing counties in central Illinois.
 “The growers appreciate the fairness shown by the 
processors and the good will that has been fostered between 
buyer and seller. When the agreements were framed early 
last season, the millers, including Funk Bros. Seed Company, 
the American Milling Company, and the G.L.F. Exchange, 
Inc. [these three initiated the Peoria Plan], consented to 
the Farm Bureau’s proposition to pay a higher price than 
the $1.33 minimum should the market justify an increase. 
Demand from new buyers coming into the soybean growing 
territory, resulting from the short fl ax crop and higher prices 
for linseed oil, have been infl uential in raising the price 17 
cents per bushel. Many growers are netting from $1.41 to 
$1.47 per bushel for their beans after elevator and freight 
charges are paid.
 “The Vermillion County Farm Bureau, alive to the 
situation, is urging local soybean growers to retain plenty of 
good seed to fi ll an expected increase in demand next spring. 
Illini, Black Ebony, and Manchu beans are preferred in this 
county.
 “Sign members: Organization work to sign up the 
membership in the Soybean Marketing Association was 
under way last week following meetings of advisory councils 
in many of the central Illinois counties. No radical change 
in the method of selling beans is contemplated, at least for 
the time being. The Association hopes to maintain friendly 
relations with the processors and seeks only a fair price in 
line with market demands.
 “A simple membership agreement has been drawn up 
and is now being circulated throughout the soybean growing 
territory.
 “The member agrees to deliver to the Association 
all soybeans produced by him for market. Beans kept for 
seeding and feeding are not included in the agreement.
 “Work for Association: The member appoints the 
Association his sole and exclusive agent for handling 
and marketing his commercial soybeans. For this service 
the Association may deduct a small charge which in no 
case shall exceed 5 cents per bushel. The Association is 
required to keep the member advised and informed of 
market demands of soybeans from year to year, to adopt 
standards and grades, to seek new markets when necessary, 
to investigate commercial uses and help in every way to 
stabilize the soybean industry on a profi table level.
 “The agreement becomes effective at the beginning of 
the 1930 crop year and will continue in full force and effect 
through the 1932 crop marketing year and remain in force 
from year to year thereafter, unless cancelled by written 
notice of either of the parties.
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 “The Peoria millers during the last year have added 
700,000 bushel of soybean storage capacity to their local 
facilities. The American Milling Company and the G.L.F. 
Exchange together are shipping out an average of 46 
carloads of mixed feed daily from this city. Soybean meal 
is one of the important concentrates used in the mixture. 
Funk Brothers Seed Company at Bloomington is selling its 
soybean meal to the G.L.F. Exchange at Peoria.
 “Grading beans according to federal standards is well 
established. All the prices quoted above are based on No. 2 
beans.”
 Farmers in central Illinois are fi nding that growing 
soybeans is more profi table than growing oats. Oats at 40 
bushels per acre and $0.30/bushel brings in only $12.00 per 
care, whereas soybeans at 20 bushels per acre and $1.40/
bushel brings in $28.00–more than twice as much. “The 
added value of soybean straw, either as feed or as a fertilizer 
left on the fi eld, is another factor in favor of soybeans. The 
soybean is a legume, and when properly inoculated takes 
nitrogen from the air and stores it in the soil.
 “New Uses: New uses constantly being developed 
for soybean oil promise to keep demand well in advance 
of supply, particularly if an effective tariff on soybean oil 
and soybean meal is provided in the new tariff bill. Should 
production overtake demand the new co-operative will be 
of material assistance in keeping the [soybean] acreage 
within reasonable limits. Illinois farmers grow a substantial 
percentage of the total crop produced in the United States. 
While the Soybean Marketing Association was organized 
by Illinois growers, it may branch out into other states if 
the occasion demands, and develop into a national soybean 
marketing association.
 “The uncertainty of fl ax and its susceptibility to adverse 
weather conditions promises to redound to the benefi t of 
soybeans as a farm crop. This year for example, the fl ax crop 
was short and linseed oil advanced approximately 45 cents 
per gallon during the current season. Soybean oil is being 
used in paints and soaps to replace linseed oil. The supply 
and price of oil and feed concentrates are the chief factors in 
determining the price of soybeans.”
 A photo shows the 12 offi cers and directors of the 
Soybean Marketing Association; after each person’s name is 
the name of the county in which he resides.
 Note: This is the earliest document seen (May 2008) that 
mentions the “Soybean Marketing Association.” Address: 
Illinois.

848. Riede, W. 1929. Zehn Jahre Soja-Zuechtung [Ten years 
of breeding soybeans]. Deutsche Landwirtschaftliche Presse 
56(49):697-98. Dec. 7. [Ger]
• Summary: Photos show: (1) A large fi eld of soybean plants 
growing in Bonn (end of July). (2) Medium-late soybean 
varieties in the same fi eld at the end of September before 
harvest. (3) Soybean roots covered with pea-sized nodules. 

Address: Privatdozent, Phd, Bonn [Germany].

849. Farming in South Africa (Pretoria). 1929. Bacterial co-
operation. 4(45):457. Dec.
• Summary: “One of the greatest of scientifi c romances in 
agriculture, is the story of the discovery of nodule-forming 
organisms on the roots of certain kinds of plants, the benefi ts 
of which are discussed in the following article by the Cedara 
School of Agriculture.
 “For many years it was known that the growth of beans 
improved a soil, to the benefi t of the wheat crop which 
followed, but much laborious and patient research was 
needed before the exact way in which this improvement was 
effected became known. Now, it is common knowledge that 
this power of improving the soil is possessed only by those 
plants belonging to the pea family, such as all varieties of 
peas, beans, vetches, lucerne, lupins, soya-beans, cowpeas, 
clovers, etc. Under certain conditions, these crops have the 
power, not possessed by other plants such as maize, roots, 
buckwheat, pumpkins, grasses, etc., of improving the soil on 
which they are grown. It should be defi nitely remembered 
that the improvement of the soil following the growth of 
one of these pea family (legume) crops is not a general one; 
there may be an increase in nitrogen, but there is no increase 
in the phosphates or potash of the soil, though these may be 
more readily available. For many years it was not known that 
only leguminous plants possessed this power, but later it was 
proved over and over again.
 “It is not under all conditions that improvement of 
the soil in its nitrogen-content follows the growth of a 
leguminous crop. To this fact must be attributed some of the 
disappointment experienced by farmers who have grown 
such crops, and, ploughing them in as green manure, have 
looked for larger returns from the succeeding crop.
 “Presence of Nodules on Roots: If a lupin or a bean 
plant be carefully raised from the soil without breaking off 
the fi ner roots, when the plant is at the commencement of its 
fl owering period, and the roots be gently washed in running 
water, there may be seen on them small, whitish, wart-like 
growths. There may be some plants without these wart-like 
growths, or nodules as they are commonly termed, but on 
most legumes on soils where they have been grown for 
several years, the nodules will be present in profusion.
 “These nodules are formed by certain micro-organisms 
of the soil entering into partnership with the legume. As a 
rule, they enter the fi ne rootlets, though in the case of the 
lupin they can enter older tissue and cause the growth of the 
nodules.
 “This nodule-formation is a great agricultural co-
operative concern; both members of the association benefi t; 
the nodule-forming organisms fi nd a home in the plant-roots 
which supply carbonaceous material for the organisms; 
whilst the organisms themselves supply nitrogenous material 
to the plant on whose roots they live.
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 “In virgin soil, or soil which has never grown certain 
leguminous crops, it is quite conceivable that the organisms 
may not be present. If a leguminous crop be grown in 
such soil, there can be no co-operation, because one of the 
partners is absent, and equally then, there can be no profi t.
 “To render the co-operation possible, the bacteria must 
be supplied where they are not naturally found. Further 
research has been devoted to the ways and means of 
supplying the required bacteria, and discovering whether or 
not there are any special strains adapted to particular kinds of 
legumes.
 “Certain groups of plants are now known to co-operate 
with certain organisms, while other groups cooperate with 
other organisms. Thus the degrees of co-operation have also 
been learnt, and in order to make the most of this scientifi c 
knowledge, farmers should know which plants or groups co-
operate.
 “Chief Groups: Some of the chief groups are:
 “Group I.–All the clovers, i.e. the true species of the 
Genus Trifolium, such as Red Clover, Alsike, White Clover, 
Crimson Clover, and African Clover. Japan Clover, and 
Hubam are not true clovers.
 “Group II.–Lucerne and other species of Medicago and 
Melilotus.
 “Group III.–Cowpea, partridge pea, peanut, Japan 
Clover, Velvet bean.
 “Group IV.–Garden peas, vetch its, lentils and sweat 
peas.
 “Group V.–Soya bean.
 Group VI.–Garden beans, Genus Phaseolus.
 “Group VII.–Lupins, Serradella.
 “Plants within a group are capable of co-operation with 
the same bacteria, i.e. they form an association. The plants in 
Group I cannot co-operate with the bacteria from Group II, 
and so on. Hence it follows that if a crop of soy or cowpeas 
has been grown, and they have been well inoculated, the 
farmer must not look for nodules on the plants of another 
crop if he sows these in the same soil. The different groups 
require their own bacteria.
 “How is the grower of these crops to obtain the 
necessary bacteria? Certain groups are nearly always present. 
In the greater part of the Cedara area, the cowpea group is 
present, due to the natural occurrence of wild cowpea plants 
in the veld. The bacteria are also there. Lupins also almost 
invariably become inoculated.
 “New soil, or soil in which lucerne or sweet clover has 
not previously been grown, generally needs to be inoculated. 
Soya beans always need to be inoculated when grown for the 
fi rst time.
 “Supplying the Necessary Bacteria: The necessary 
bacteria can be obtained in two ways:
 “(1) By the use of soil from a fi eld where the crop has 
been grown, and has been well inoculated. This is rather a 
laborious task where an appreciable area is concerned, but it 

can be used for small areas. The soil should be broadcast on 
a dull day, and harrowed in, or applied through the fertilizer 
attachment of a maize-planter.
 “(2) By the use of cultures, which are on the market 
under different names, Farmogerm, nitro-bacteria, Nodogen, 
Nodogerm, etc., and contain mixed strains of bacteria.
 “Cultures cost 7s. 6d. to 10s. 6d. per bottle, suffi cient 
to inoculate about a bushel of seed, and full directions are 
generally supplied with them.
 “Cultures give satisfactory results, provided they are not 
too old. Bottles should be marked ‘to be used before such 
and such a date,’ so that the purchaser may form some idea 
of the reliability of the contents.”
 Note 1. This is the earliest document seen (Oct. 2018) 
that mentions Nodogen, a commercial legume inoculant.
 Note 2. This is the earliest document seen (Oct. 2018) 
that mentions Nodogerm, a commercial legume inoculant.

850. Prinz, H. 1929. Ueber die Bedeutung der 
Knoellchenbakterien fuer den Anbau der Sojabohne [On the 
signifi cance of root nodule bacteria for soybean production]. 
In: L. Berczeller. 1929. Publications on Berczeller’s Soy 
Flour. Vol. II. 4 p. Unpublished manuscript. [Ger]
• Summary: In the seventies of the last century [1870s], 
Prof. Haberlandt propagated the cultivation of soybeans in 
Vienna, after which extended cultivation trials were carried 
out in various areas of the Austro-Hungarian Monarchy, 
southern Germany and Italy. These experiments have shown 
that soybean grows well in many areas.
 As early as 1892, the agricultural research institute 
in Dresden employed acclimatization experiments with 
soybeans, through breeding and cross breeding, to 
obtain new varieties which ripened under the climatic 
conditions prevailing there. These experiments, as well as 
the Oesterreichische Bundesanstalt für Pfl anzenbau and 
Samenprüfung, were so far successful in that it was possible 
to cultivate varieties which are fully matured after a growth 
time of 120 to 130 days and provide satisfactory yields of 
beans. Other varieties which do not mature in this climate, 
due to the extraordinarily large protein and fat content of the 
plant, give a particularly valuable green fodder.
 But these attempts were less important for large-scale 
cultivation of soybeans, because the climate of Germany and 
of today’s Austria is generally unfavorable for this seed. It is 
the maize-growing countries of southern Europe that will one 
day supply of the rest of Europe with soybeans, because that 
is where they are naturally meant to grow. If the cultivation 
attempts hitherto made no particularly favorable results, 
this is due to another circumstance, namely the absence 
of nitrogen fi xing bacteria in the soil, as the American 
experience shows.
 As is known, the legumes only obtain a small portion 
of the nitrogen required for building up their albuminous 
substance from the soil; by far the largest part of their 
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nitrogen requirements comes from the air, mediated by 
bacteria on their roots. Of these bacteria, there are a large 
number of different varieties, some of which can live 
together with several types of leguminous plants, others with 
only a single type. And especially in the soybean, as was 
determined by detailed experiments, that the plants show 
only a satisfactory growth and the protein and fat content of 
the seed only reaches a maximum, if at the roots a certain 
bacterial species, the soybean bacteria, can be found. It is 
quite clear that in areas where soya has never been grown 
before, these bacteria can not be present in the soil, and 
therefore growing trials that do not take into account this fact 
will have to yield unsatisfactory results in terms of the results 
obtained.
 This would soon be recognized in Germany as well, and 
as early as 1903 the agricultural research institute in Dresden 
had begun to sow seeds and to inoculate the soybeans with 
bacterial cultures that they had produced from specially 
imported Manchurian soil.
 Even earlier, the importance of inoculation was 
recognized in America, where already in 1901 experiments 
had begun, which subsequently resulted in a large-scale 
government propaganda campaign was conducted for the 
legume inoculant, with the result that today there is no 
American farmer who does not treat his seed with bacterial 
cultures grown at his agricultural experimental station. These 
institutes, which exist in almost all states of the United 
States, have studied the question of legume inoculation 
with great exactness, in large-scale trials that bred for each 
genus appropriate bacteria in pure cultures, that were the 
cheapest, with the highest yields supplying types isolated 
from various existing species. Their more than 25 years of 
experience are available to any farmer who turns to them. 
Yes, even more, they provide each farmer with a certain 
amount of these bacterial cultures for experimental purposes 
free of charge and, if he has convinced himself of the success 
of the inoculant, they will supply him with any quantity of 
these cultures at cost price; every year so many hundreds of 
thousands of bottles of pure cultures are shipped to American 
farmers, and most of these bacteria are used to grow 
soybeans.
 According to the U.S. Department of Agriculture (Prof. 
Leonard), the following state experiment stations send out 
free bacterial cultures for root nodules:
 “Georgia Department of Agriculture, Atlanta, Georgia.
 “Idaho Agricultural Experiment Station, Moscow, Idaho.
 “Maryland Agricultural Experiment Station, College 
Park, Md.
 “Massachusetts Agricultural Experiment Station, 
Amherst, Mass.
 “Michigan College of Agriculture, East Lansing, 
Michigan.
 “Missouri Agricultural Experiment Station, Columbia, 
Mo.

 “New York Agricultural Experiment Station, Ithaca, 
New York.
 “North Carolina Department of Agriculture, Raleigh, 
N.C.
 “Oregon Agricultural Experiment Station, Corvallis, 
Ore.
 “Pennsylvania Agricultural Experiment Station, State 
College, Pa.
 “South Carolina Department of Agriculture, Columbia, 
S.C.
 “Virginia Department of Agriculture, Richmond, Va.
 “Washington Agricultural Experiment Station, Pullman, 
Wash.
 “Wisconsin Agricultural Experiment Station, Madison, 
Wisconsin.
 “Wyoming Agricultural Experiment Station, Laramie, 
Wyoming.”
 What quantities are handled is clear from a letter from 
Prof. Albrecht, according to which for the year 1927/28 alone 
the Missouri Agricultural Experiment Station (Columbia) 
sent out enough soya bacteria for the inoculation of 38,500 
bushels of seed. This is equivalent to about 75% of the total 
amount of legume bacteria released and soybean cultivation 
area of about 38,500 ha in that state.
 Note: According to Soybean Bluebook, in 1927 Missouri 
planted 252,000 acres of soybeans and harvested 63,000 
acres for beans and 181,000 acres for hay. 8,000 acres were 
grazed or plowed under. 1 hectare = 2.47 acres.
 The profi tability of soybean production is not doubted 
by any specialist; anyone who deals with this question 
emphasizes the enormously increased amount of soybean 
nutrients compared to other crops. I do not want to speak 
of America, where hundreds of thousands of hectares are 
already planted with soy, but I would like to quote only one 
article from the Wiener Landwirtschaftliche Zeitung, where 
F.A. Brillmayer under the title “Die Kultur der Sojabohne” 
[The culture of the soybean] makes following statement:
 A table titled It delivers under the same conditions per 
hectare, shows:
 Soybean seed, yields 1800 kg/ha. Protein per ha: 561.6. 
Fat per ha: 320.4
 Soybean straw, yields 3000 kg/ha
 Soybean hay, yields 8000 kg/ha. Protein per ha: 824.0. 
Fat per ha: 187.0
 Barley seed, yields 2400 kg/ha. Protein per ha: 164.4. 
Fat per ha: 60.6
 Barley straw, yields 3000 kg/ha.
 Pea seed, yields 2000 kg/ha. Protein per ha: 423.0. Fat 
per ha: 37.5
 Pea straw, yields 2500 kg/ha
 Lucerne hay, yields 4000 kg/ha. Protein per ha: 248.0. 
Fat per ha: 43.0 It should be noted that the yield fi gures for 
soy are from the author’s own experience on the estate of 
the Austrian Federal Institute for Plant Breeding and Seed 
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Testing (Oesterreichische Bundesanstalt fuer Pfl anzenzucht 
und Samenprufung) where cultivation trials were conducted. 
Since, as already stated, the climatic conditions in Austria are 
generally not favorable for soybean cultivation, far higher 
yields have to be achieved in other countries, especially in 
southern Europe.
 As much as one deals with the question of soy 
cultivation and as warmly as this is generally recommended, 
so little emphasis is placed in the publications on the 
inoculation of the seeds, but nevertheless attempts in which 
this important circumstance is neglected, are condemned 
to failure from the outset. Either the need for a inoculation 
is not mentioned at all, as in the article “The Soybean” in 
the Kleine Blatt of 28 January 1928, or this fact is briefl y 
referred to, without its importance being emphasized 
accordingly. This circumstance is likely to discredit a good 
thing in itself and to seriously endanger the whole action. 
So far, the small-scale cultivation attempts in Europe have 
not come off the mark because there was a lack of suitable 
inoculum and new attempts in this direction cannot have any 
other result, if not provided in time–ideally by the state–to 
ensure the presence of soybean cultures becomes available. 
In America, seed inoculation is no longer a problem, as 
agricultural institutes are already encouraging farmers to 
fortify the soil with lime, phosphorus and potash to achieve 
greater yields–that soil inoculation is an indispensable 
prerequisite to successful soybean culture is generally seen 
as obvious.
 The cultivation of soybean is extremely easy; I would 
like to quote again the essay of F.A. Brillmayer in the Wiener 
landwirtschaftliche Zeitung of 10 Jan. 1929 [sic, 19 Jan 
1916, p. 2; Die Kultur der Sojabohne]: The amount of seed 
varies according to the grain size, between 45 and 55 kg. per 
hectare, The sowing depth is 3-4 cm, distance between rows 
40-45 cm. Distance in the row 6-7 cm. At the beginning of 
the culture, the soybeans grow slowly. To keep the weeds 
out and keep the moisture in the soil, a double hoeing is 
indicated.
 It should be noted, however, that according to the data of 
all US agricultural experimental stations as well as reliable 
Hungarian data, a seed quantity of 30 kg (1 bushel) per 
hectare is completely suffi cient. Address: PhD, Austria.

851. Brillmayer, Franz A.; Drahorad, Fritz. 1929. Die 
Sojabohne, ihre Bedeutung, Kultur und Verwendung [The 
soybean, its signifi cance, culture, and utilization]. Vienna, 
Austria: Published by the authors. 62 p. Illust. 21 cm. [Ger]
• Summary: Some soybean breeders and devotees in Austria 
consider this to be Brillmayer’s “defi nitive work on soybean 
cultivation and utilization.”
 Contents: Foreword. 1. History of the soybean in its 
homeland and its introduction to Europe and America. 2. 
Current area where soybeans are grown worldwide and 
world production. 3. Soybean botany. 4. Use of the soybean: 

As a food (in East Asia, in Europe and America [in the 
form of fl our, for making soymilk, as a coffee substitute, a 
meat substitute, and for making chocolate]), as an oilseed, 
as a source of fodder. 5. Soybean cultivation: Climate and 
the northern limit of growth, soil, crop rotation, seedbed 
[Saatbeet], manuring or fertilizing the soil, the seeds, care 
of the plants, diseases and enemies, harvest, cultivation for 
hay, green manure or silage, soybean varieties, agronomic 
trials with 22 varieties, summary of results, root bacteria and 
inoculation. 6. Signifi cance of the soybean: For agriculture, 
as a food for the people, economic effects of the use of 
soybeans in agriculture and as food.
 According to Brillmayer (1947, p. 14), the fi rst edition 
of this work was self-published as a “brochure” in 1928, but 
it is not mentioned in this 1929 edition.
 Note 1. This book was translated into Dutch in 1936 by 
J. J. Helmus, soya specialist.
 Note 2. This book describes the last intensive research 
on soybean variety improvement in Austria until 1970. 
Address: 1. Seed breeder in Platt, Austria; 2. Commissioner, 
Federal Institute for Agronomy and Seed Testing, Vienna.

852. Dickinson (Albert) Co. (The). 1929. Best for soybeans: 
Dickinson’s Humus Inoculation–”Dry” form (Ad). 
Proceedings of the American Soybean Association 2:110.
• Summary:  See next page. This full-page black-and-white 
ad states: “Dickinson’s new pure-culture humus inoculation 
for soy beans, which can be mixed dry with the beans in the 
drill at seeding, is giving outstanding inoculation results at 
lowest cost. Bigger stands, bigger and more vigorous crops, 
and higher protein content in crop...” “Sold by seed and farm 
supply dealers everywhere. If your dealer cannot supply you 
write...” An illustration shows a can of Dickinson’s Humus 
Inoculation (“dry” form) for Legume Crops.
 Note: The trade name “Non-O-Gen” does not appear in 
this ad; it was fi rst used in 1930 to refer to the company’s 
liquid inoculum. Address: Chicago, Illinois.

853. Ferrée, Christian Johan; Tussaud, J.T. 1929. The soya 
bean and the new soya fl our. London: William Heinemann 
(Medical Books) Ltd. xi + 79 p. Illust. No index. 22 cm. 
Revised translation from the Dutch by C.J. Ferree and J.T. 
Tussaud of Die Sojaboon en Duurzaam Sojameel. [29 ref]
• Summary: Contents: Foreword, by Sir Wm. Arbuthnot 
Lane, President of The New Health Society. Preface, by C.J. 
Ferrée (London). 1. Introduction. Literature. Name of the 
plant. Origin. Botanical particulars. Assimilative power of 
the soya plant. Inoculation. Soil requirements. Production 
and cost. 2. General ingredients of the various Manchurian 
beans. Composition. The value of soya protein. Vitamin in 
the soya bean. Digestibility of the soya bean and its products. 
3. Use in China and Japan: Bean sauce, soy, or shoyu, 
Chinese chiang (paste), tou-fu or beancurd, beans consumed 
as a table vegetable, bean refuse and bean cake are used 
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as a fertiliser and for fattening hogs, bean oil is used as an 
illuminant (where it has not been superseded by kerosene), 
as a substitute for lard in cooking, and as a lubricant for 
greasing axles and parts of native machinery, miso and natto. 
First imports into Europe. Exports during the last fi ve years 
from China and Japan. Imports during the last fi ve years into 
Europe and America. The increasing rate of its cultivation. 
Manchuria–Production. Estimate of the world’s production 
of the soya bean. London the principal market. Future 
importance.
 4. America. Australia. South Africa. Other British 
possessions and protectorates. Java (Dutch East Indies). 
Europe. 5. Unsuccessful experiments with soya fl our. 
Ordinary soya fl our. Extracted soya fl our. Dr. L. Berczeller’s 
discovery. The new soya fl our. Comparison with other cereal 
fl our and other foods. Comparison in price with other cereal 
fl our and other foods. Comparison in price of soya protein 
compared with other cereal foods. Comparative analysis of 
cereals. 6. Soya milk. Vegetable casein. Lecithin. 7. Increase 
in food value. Savings. Industrial application in foodstuffs. 
The importance of Dr. L. Berczeller’s soya fl our for the food 
industry. Soya fl our and the food laws. Uses of soya fl our 
in: Bread, pastry, cake, biscuits, confectionery, sausages, 
infant foods and food for invalids, cocoa, chocolate, soup 
cubes, pudding fl our. Uses in the kitchen. Soya fl our recipes 
(for fl our made using the Berczeller process), soya fl our for 
diabetics, recipes for diabetics.
 The Preface states: “In the following pages the writer 
has endeavoured to give an account of the numerous uses 
to which the soya bean has so far been put, and to visualise 
its future service to humanity through the means of a totally 
new and practical process by which this legume... may in 
future be used as an important article of food for general 
consumption throughout every quarter of the globe.
 “In compiling the details relative to the soya bean fl our, 
with which this brief summary principally deals, he trusts 
that he has succeeded in giving suffi cient data to enable 
the reader to fully realise its value as a staple food from the 
economic point of view, as well as from the more domestic 
standpoint, so that the important fact may be fully realised 
that a new foodstuff of a very valuable nature... has now 
been brought within the reach of all nations to serve them in 
a most practical manner as an economic article of food.”
 The book includes statistics on the imports and exports 
from 1923 to 1927 of “soya beans, soya oil, and soya cake in 
various countries including China, Japan, England, France, 
Germany, Holland, Norway, Denmark, Sweden, and USA.
 The “new soya fl our” is that developed by Dr. 
Berczeller. This book repeatedly praises that fl our. “A few 
years ago Dr. Laszlo Berczeller, a Hungarian physiologist 
in Vienna, succeeded scientifi cally in fi nding a method 
which enables us to prepare from the soya bean a digestible 
and pleasantly fl avoured fl our without detracting from 
its nutritive value, and this method entirely succeeds in 

preserving all the good qualities contained in the bean itself. 
Physiological experts and analysts withhold no praise, as the 
following extracts will show: -” There follow words of praise 
from: (1) Dr. Alfred Schwicker, M.P., Royal Hungarian 
State Institute, Central Depot for Experimental Chemistry. 
(2) Dr. Stefan Weisser, King’s Counsellor, Royal Veterinary 
Physiological Experimental Station, Budapest. (3) Prof. A. 
Durig., The Physiological Institute, University of Vienna.
 Marakujew (1928) estimates the production of soya 
beans in “Manchuria at 6 million tons at the utmost, the 
production of the whole of China at 16 million tons, and 
he is led to this fi gure by the conclusions of the Economic 
Bureau of the South Manchuria Railway, which estimates 
that the Manchurian crop in 1927 amounted to 37.1 million 
kobu (5.88 million English tons), of which 2.6 million tons 
originated from South Manchuria, 3.3 million tons from 
North Manchuria” (p. 32). A table (p. 33) gives estimated 
world production of soya beans from 1923 to 1929 (6.6 
million tons, forecast). The leading producers in 1929 (in 
million tons) are: China 5.250. Japan 0.580. USA 0.250. Java 
and Dutch East Indies 0.120. Other Asiatic countries 0.400. 
A soya milk factory was recently established in Denmark 
(p. 54). Although this book contains a bibliography of 29 
references, most are very incomplete.
 Photos show: (1) A soybean plant with roots, pods, and 
leaves. (4) Nodules growing on soybean roots. (5) One pod 
and seed each from inoculated and uninoculated soybean 
plants. (7) An immense fi eld of soya beans in Manchuria. (8) 
Soya beans awaiting shipment, in house-shaped stacks under 
tarps, at Dairen. (13) Seeds of the most important varieties of 
soya beans now grown in the United States. (10) Two horses 
and a farmer cultivating a fi eld of soybeans. (11) Harvesting 
soya beans. (12) Well selected, clean soybean seeds.
 A map (frontispiece) shows where soybeans are 
cultivated worldwide. An illustration (facing p. 2) shows 
“Shen-Nung. Emperor [of China] in 2838 Before Christ, 
called ‘The Heavenly Farmer.’ Reproduced from a print in a 
Vienna museum.”
 One bar chart compares the nutritional composition 
of soya fl our with that of cereals and animal products, and 
other foodstuffs (p. 13), another compares the calories (p. 
46), and a third compares the cost of 1,000 calories (p. 48). 
Marakujew (probably spelled Marakiev or Marakuyev), in 
“The Export of Manchurian Soya Beans and its Finance” 
(1928, in Russian, probably an article rather than a book) 
“estimates the production of Manchuria at 6 million tons 
at the utmost, the production of the whole of China at 
16 million tons, and he is led to this conclusion by the 
Economic Bureau of the South Manchuria Railway, which 
estimates that the Manchurian crop in 1927 amounted to 
37.1 million kobu (5.88 million English tons), of which 2.6 
million tons originated from South Manchuria, 3.3 million 
tons from North Manchuria. According to the calculations 
of this bureau, the home consumption of North Manchuria 
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is something like 40 per cent. of the production, viz., 1.3 
million tons; the remaining 2 million tons are for export. 
The exports of South Manchuria were estimated at 1 million 
tons” (p. 32). Address: London.

854. Gibberd, A.V.; Trotman, A.E. 1929. An investigation 
on the soya bean in Trinidad. Dissertation presented for 
the Associateship of the Imperial College of Tropical 
Agriculture. 34 p. Department of Botany 1928-29. [11 ref]
• Summary: Contents: 1. Introduction: Botanic description, 
variations. 2. Aims of the investigation. 3. Origin and history 
of the selected soya beans. 4. Operations and observations, 
1928-29: Germination, a comparison of the germination of 
smooth and wrinkled seeds, a comparison of the growing 
plants, a comparison of the mature plants. 5. Summary of 
results and conclusions. 6. Selections and suggestions for 
future work. 7. Preliminary investigation of some of the 
factors infl uencing root nodule formation: Experiments 
carried out, recommendations for future work. 8. Appendixes 
I and II. 9. Bibliography. 10. Rainfall graph.
 “Aims of the investigation: The primary object is the 
establishment of pure lines of soya bean, suited to the soil 
and climate of Trinidad.” Selection work in 1927 is now 
being continued and further selections have been introduced. 
It is hoped that the soya bean will “prove to be a useful 
leguminous cover crop in sugar cane cultivation, as well 
as providing beans suitable for feeding to stock.” It is 
emphasized that early maturity is of primary importance.
 “In November 1928, additional selections of Venezuelan 
[soy] beans were made from a crop growing on the College 
Farm. They were chosen on the basis of yield and maturity 
alone... A fourth type has been introduced; this is a Chinese 
variety, the seeds of which were obtained from the Sainte 
Madeline Estate” [Usine Ste. Madeline, at St. Madeline]. 
“The current year’s work has been carried out on three, 
one tenth acre plots, situated in the Botanic Department of 
the College Farm.” They were planted on Nov. 9 and Nov. 
22, 1928, germination was good, but several young plants 
were destroyed by ants while still in the cotyledon stage. 
The viability of seeds stored for 7 months was considerably 
impaired, whereas those sown a month after harvest showed 
little or no deterioration. All strains possess the common 
failing of slow germination and sparse foliage during the 
early part of their lives.
 Four pot experiments were conducted with limed and 
unlimed soil, inoculated and uninoculated seed. Liming seed 
to have no effect on inoculation.
 Recommendations for “future experimental plots of soya 
beans. 1. Planting should be carried out as early in November 
as possible in order that the plants may pass their vegetative 
stage during the wet season, and the ripening of the pods 
may take place in the dry season. 2. Low ridges should be 
constructed and at a distance apart of three feet in preference 
to four feet. 3. The seeds should be sown 18 inches apart in 

the ridges and in lines across the rows... If suffi cient seed is 
available, two or three beans should be dibbled together at 
each spacing and thinned out to one when the fi rst leaves are 
formed.”
 Appendix II is “Notes on naparima black marl soil (Ste. 
Madeline), and College detrital soil,” by Prof. F. Hardy.
 Letter from Sonia Manjoo, Documentalist at CARDI 
(Caribbean Agricultural and Research Development 
Institute). 1996. June 20. This dissertation is housed in the 
West Indian Collection of the University of the West Indies, 
Library, St. Augustine Campus, Trinidad and Tobago. 
Address: Dep. of Botany, Trinidad.

855. Mumford, H.W. 1929. A year’s progress in solving 
some farm problems of Illinois. Illinois Agricultural 
Experiment Station, Annual Report 42:1-270. For the year 
ended June 30, 1929.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crops: Measure fertility value 
in soybean plant (p. 28-29). Push search for best combination 
of forage crops (p. 29). New facts worked out on abortive 
soybeans (p. 32-34). Illini soybean outstanding yielder 
in poor season (p. 34-35). Soil’s lime needs enter into 
inoculation question (p. 35). Get new facts on principles of 
legume inoculation (p. 35-36). Soybeans affect soil “germs” 
and thus help corn (p. 36-37).
 Livestock investigations: Soybeans good supplement to 
brood-sow rations (p. 88-90). No “hard pork” combination of 
soybeans found (p. 90-91). Still seeking way to use soybeans 
for swine (p. 91-92). Entomology investigations: Launch 
studies on cowpea and soybean insects (p. 142).
 Farm organization and management: Costs around 
$26 an acre to grow soybeans (p. 167-72). Agricultural 
economics: Plan bulletin on soybean marketing (p. 182; by 
Stewart, Whalin, and Rickey). Farm mechanics: Combine 
harvesting of soybeans is increasing (p. 203). Address: Dean 
and Director of the Station, Urbana, Illinois.

856. Pistsov, P.M. 1929. Kluben’kovye bakterii v novykh 
raionakh kul’tury soevykh bobov [Nodule bacteria in the 
new regions of soybean cultivation]. Vornezh. 33 p. [3 ref. 
Rus]
Address: USSR.

857. Prinz, H. 1929. Die land- und volkswirtschaftlichen 
Aufgaben bei der Einfuehrung des Berczeller’schen 
Sojamehles in Rumaenien [The agricultural and economic 
tasks necessary for the introduction of Berczeller’s soy 
fl our to Romania]. In: L. Berczeller. 1929. Publications on 
Berczeller’s Soy Flour. Vol. II. 3 p. Unpublished manuscript. 
[Ger]
• Summary: The soybean could become a major export crop 
for Romania; it would be much more profi table for farmers 
to grow than corn or wheat. It must be emphatically pointed 
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out that the total exports of Romania, 
even if it was soybeans instead of corn 
and wheat, could never satisfy the 
import needs of Germany; Germany 
would much rather buy its soybeans 
from Romania than from East Asia. In 
order to cultivate soybeans in Romania, 
it is necessary to plant seeds of the 
appropriate varieties and to inoculate 
them with soya bacterial cultures.
 Less seed is needed for planting 
soybeans than wheat. The soybean 
enriches the soil with nitrogen and 
improves soil quality for subsequent 
crops of wheat and corn. The soybean 
has a relatively low need for water. 
Using the Berczeller process, a very 
valuable food can be made from 
soybeans–soya fl our. Address: Dr., 
Austria.

858. Urbana Laboratories. 1929. 
Inoculate alfalfa, sweet clover, clovers, 
soy beans, all legumes with Urbana 
Culture, superior legume inoculator 
(Ad). Proceedings of the American 
Soybean Association 2:27.
• Summary: This full-page black-and-
white ad states: “Scientifi cally prepared 
low cost inoculator. Contains carefully 
selected and proven superior nitrogen-
gathering strains. Prepared fresh for 
each legume, every seeding season.”
 Note 1. This is the earliest 
advertisement seen (Aug. 2012) for an 
inoculant (or “inoculator”), a bacterial 
culture used to inoculate soy beans.
 Note 2. This is the earliest 
advertisement seen (Aug. 2018) by 
Urbana Laboratories for Urbana Culture, 
for inoculating soybeans.
 Letter (e-mail) from Prof. Ted 
Hymowitz, Univ. of Illinois. Urbana 
Laboratories was a company founded 
and owned by Albert and Lucille 
Whiting. Mr. Albert Whiting was a professor of Soil Biology 
(1912-1924) at the College of Agriculture, University of 
Illinois, and also worked for the Agricultural Experiment 
Station before establishing the Urbana Laboratories, which 
specialized in chemical and bacterial crop treatments. For 
more information see: (1) Whiting Family History File, 
Urbana Free Library Archives, Urbana, Illinois. (2) His 
papers in the University of Illinois Archives.
 Letter (e-mail) from Lydia M.T. Tang of the University 

of Illinois Archives. 2012. Aug. 20. “Albert Lemuel Whiting 
(1885-1964) received his B.S. at Massachusetts State 
College in 1908, his M.S. at Rhode Island State College in 
1910, and his doctorate at the University of Illinois in 1912. 
After receiving his doctorate, he remained at Illinois as an 
assistant in the biology experimental station. He was named 
an associate professor in 1918, and then served for fi ve years 
as professor-in-chief of the station.
 “From 1924 to 1927 he was on the faculty of the 
University of Wisconsin. Dr. Whiting founded Urbana 
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Laboratories, which was devoted to soils research in 1919 
and became its manager in 1927.
 “We have six pages in his biographical fi le that mention 
the Urbana Laboratories and a 1934 publication by Whiting 
through the Urbana Laboratories titled “Legumes for Soil 
Building” (4 pages). The Whiting Papers also contain a 
photo album of the Urbana Laboratories, which contains 
photographs demonstrating the results of their experiments 
(42 pages).
 “We also have other items within the Whiting papers 
which may be of interest to you:
 “Thesis and Thesis Volume II ‘Notes on the Literature’
 “Reading Notes ‘Estimation of Amino Acids in Plants 
by Means of the Formaldehyde Method.’
 “Thesis: ‘A Biochemical Study of Nitrogen in Certain 
Legumes.’ University of Illinois, 1912.
 “Soil Biology Notebook, 1911.
 “Publications: Fred, E.B., and A.L. Whiting. ‘Inoculate 
Legume Seed.’ Agricultural Experiment Station of the 
University of Wisconsin Madison. March, 1924. (3 pages).
 “Fred, E.B., A.L. Whiting and E.G. Hastings. ‘Root 
Nodule Bacteria of Leguminosae.’ Agricultural Experiment 
Station of the University of Wisconsin Madison. November, 
1926. (32 pages)
 “Whiting, A. L. ‘Legumes for Soil Building.’ The 
Urbana Laboratories. March, 1934. (4 pages).” Address: 
Urbana, Illinois.

859. Wing, Charles B. 1929. Wing’s fi eld and garden book–
1929 (Mail order catalog). Mechanicsburg, Ohio. 44 p. 23 x 
10 cm.
• Summary: Charles Wing has steadily expanded his 
private seed business since 1925; today the catalog fi lls 44 
numbered pages. On page 1 is a statement of Mr. Wing’s 
noble mission–to make life a little better and more beautiful 
for others. Page 2 notes that “The Wing Nurseries have come 
to be known as the home of rare plants, All sorts of things 
that are unusual... Our Nurseries have been moved to a new 
and better location, one mile east of our former situation.” A 
map shows the old and new nursery locations in relation to 
Mechanicsburg, Urbana, Columbus, and Plain City, Ohio.
 Alfalfa is still the fl agship seed crop. Soy beans are also 
still offered (p. 9-10), the only variety being Manchu. “Soy 
beans are one of the pet crops that we have pushed for over 
20 years.” Information is given on culture, inoculation, and 
prices.
 On the back cover is written: “Field seeds, ornamental 
trees, and shrubs, hardy perennials, peonies, iris, glads 
[gladioli, gladiolus].”
 Location: Bailey Hortorium, Mann Library, Cornell 
University, Ithaca, New York. Address: Mechanicsburg, 
Ohio.

860. Prairie Farmer (Indiana Edition). 1930. Our pioneer 

soybean grower: Adrian A. Parsons experimented with soys 
forty years ago. 102(2):6, 26. Jan. 11.
• Summary: This story was published about fi ve months 
after Adrian Parsons died. “The man who probably exerted 
the greatest infl uence on the early development of the 
soybean industry in Indiana was the late Adrian A. Parsons 
of Hendricks county. He it was, as nearly as I can learn, who 
fi rst imported soybean seed from Japan to Indiana, and grew 
the crop–fi rst in a garden, and later on a scale so large that he 
sold beans by the carload. He experimented with the crop for 
years, and as he learned he wrote up the results of his work 
for the farm papers. He fi rmly believed that he had found one 
of the best legume crops that could be grown in Indiana, and 
he wanted other farmers to learn about it.
 “Mr. Parsons had an insatiable curiosity regarding plant 
life, and his experiments with corn and soybeans and other 
plants gave him pleasure and recreation. A severe gunshot 
wound, sustained during his Civil War days, had left him far 
from robust, and the fact that he was unable to stand a heavy 
day’s work in the fi eld gave him more time for studying and 
writing.
 “One of his sons, Norman E., who is a large farmer and 
soybean grower in Hendricks county, says that as nearly 
as he can fi gure out, it was in 1886 or ‘87 that his father 
bought his fi rst batch of seed, and it is his impression that 
he imported them from Japan. It was believed that soybeans 
could be used as a substitute for coffee, among other things, 
and Mr. Parsons’ curiosity was thoroughly aroused.
 “The new plant did well. Mr. Parsons read everything 
he could fi nd on the subject of soybeans, and as he enlarged 
his acreage he was delighted to fi nd that both the hay and 
the beans were eagerly eaten by all classes of livestock. He 
began to grow the crop in earnest.
 “During all of the early years he was forever 
experimenting, and his writings indicate that he was familiar 
with all problems of inoculation, cultivation and utilization 
of the crop. It was unfortunate that clippings were not kept 
of his articles on soybeans, but among his effects there 
was found a collection of manuscripts, a number of which 
doubtless appeared in the farm press.”
 One manuscript revealed that Parsons had tried for a 
number of years, unsuccessfully, to get red clover bacteria to 
grow on and inoculate soybeans. “His work with soybeans 
led to acquaintance and friendship with the late Joseph E. 
Wing, the ‘apostle of alfalfa.’ In later years he began to 
grow alfalfa, probably through Mr. Wing’s infl uence, and 
in a clipping from ‘The Ohio Farmer’ which unfortunately 
is not dated, Mr. Parsons went on record as listing the 
soybean second to alfalfa, which he characterized as ‘king 
of the legumes.’ That by no means meant that he had lost his 
enthusiasm for soybeans, as he continued to grow this crop 
in large quantities. He sold seed by the carload to the Wing 
Seed Company of Ohio.”
 Another undated manuscript, which was marked ‘For the 
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Department of Agriculture,’ was written after he had grown 
24 successive crops of soybeans. His highest yield had been 
30 bushels/acre and his lowest 10 bushels. He grew one acre 
of soybeans the fi rst year he tried them and 140 acres the 
year this manuscript was written.
 “In another manuscript, which was apparently written in 
1902, and which was marked ‘for the Farmer’s Guide,’ Mr. 
Parsons stated that the seed should be covered very lightly, 
that he found that drilling in rows gave best results, and the 
early cultivation was exceedingly important.
 “Mr. Parsons passed away last August. He lived to see 
the soybean develop to a crop almost of major importance 
in Indiana, and his satisfaction in seeing his own community 
become a leader in soybean production must have been 
great. He was a prophet who was recognized in his own 
community. The entire state may well give him credit for the 
big part he played in developing soybean growing into an 
industry which is destined to add millions to the wealth of 
Indiana.”
 A photo shows: “Adrian Parsons of Plainfi eld, Indiana, 
pioneer soybean grower of the Middle West. Originator of 
Mikado soys. He was past 80 when this picture was taken.”
 Letter from Lee Parsons, great-grandson of Adrian 
Parsons. 2000. April 4. “I believe it was Prairie Farmer 
writer Dave Thompson who wrote this article. Dad (Edgar 
Parsons) remembered Thompson’s visit and interviewing 
people in Hendricks County about Adrian.”

861. Albrecht, Wm. A.; Turk, Lloyd M. 1930. Legume 
bacteria with reference to light and longevity. Missouri 
Agricultural Experiment Station, Research Bulletin No. 132. 
19 p. Jan. [31 ref]
• Summary: “Summary and conclusions: The general 
inference that the sunlight is destructive to legume bacteria 
in soils because of the generally accepted bactericidal effect 
of the sun is unfounded. Soils in which inoculated legumes 
had been grown were dried in the sunlight and in the dark 
and no differences were apparent in production of nodules by 
these when used as inoculation.
 “Legume bacteria remain viable for a long time in dry 
soils. Dried soils, carefully stored, retained viable bacteria 
for four years, as indicated by their ability to produce 
nodules in numbers comparable to those by soils maintained 
under natural conditions, but free from contamination by 
legume bacteria. No differences were noticeable when the 
soils were limed and fertilized, or when they were of a higher 
degree of fertility with reference to nitrogen and organic 
matter. This suggests that soils to be used for inoculating 
purposes may be dried, and stored from one season to the 
next or longer, and still serve this purpose well.” Address: 
Soils, Columbia, Missouri.

862. Farming in South Africa (Pretoria). 1930. American 
sweet clover. 4(46):535. Jan.

• Summary: In the section on “Root system and nodules:” 
“In an adjacent fi eld, of average soil, where experiments 
with soya bean varieties are being carried out on behalf of 
the Division of Agricultural Education and Extension, it has 
been shown that the soya bean nitrogen-collecting bacteria 
are absent, and that nodules are only present where the plots 
have been inoculated.
 “I, therefore, expected the clover to have no nodules, 
although the soya nitrogen-bacteria associated with soya 
beans is different to that of sweet clover and lucerne. On 
digging up, with a spade, some plants of sweet clover, 
nodules were found in large numbers all over the root-
system. In a neighbouring fi eld, I had some lucerne which 
showed the presence of nodules, but in a much lesser degree. 
Of course it is understood that sweet clover and lucerne are 
plants which cross-inoculate.”

863. J. of Bacteriology. 1930. Thirty-First Annual Meeting 
of the Society of American Bacteriologists. Ames, Iowa. 
December 30, 1929 to January 1, 1930. 19(1):1, 39.
• Summary: On page 39 of the report of this meeting is the 
abstract of an article titled “A study of Rhizobium japonicum 
isolated from various soils,” by William H. Wright (late 
Assoc. Prof. of Agricultural Bacteriology), W.B. Sarles and 
E.G. Holst (College of Agriculture, Univ. of Wisconsin, 
Madison, Wisc.).
 The abstract states:
 “In the present study, a total of 156 strains of Rhizobium 
japonicum was isolated from soils in which soybeans had 
grown. These soils were obtained from Japan, Manchuria, 
and from the states of Virginia, Mississippi, Florida and 
Louisiana. All of the strains isolated could be placed in two 
main groups according to their cultural characteristics. Six 
serological groups could be demonstrated by means of the 
agglutination test.
 “There was a marked tendency for strains from any one 
soil to fall into one serological and cultural group. Strains 
from other soils were classifi ed in the same group, hence no 
classifi cation based solely on geographical distribution could 
be made.”

864. Kinney, E.J. 1930. Soybean project: Junior 4-H clubs. 
Univ. of Kentucky College of Agriculture, Extension Div., 
Circular No. 94 (Revised ed.). 14 p. Jan. [7 ref]
• Summary: “The objects of the soybean project are (1) to 
familiarize the boys and girls with the culture of soybeans 
and their value to the agriculture of Kentucky and (2) to 
increase the interest of the farm boys and girls in farm life.”
 Contents: Introduction. The kind of land to select. The 
question of fertilizers. The preparation of the seed-bed. When 
to plant. The choice of variety. Inoculate legumes. Seeding 
operations. Cultivation. Harvesting soybean hay. Harvesting 
soybean seed. Threshing soybeans. Selection of exhibits. 
Club score card–soybeans. Records. The story of the project. 
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Address: Lexington, Kentucky.

865. Morse, W.J. 1930. Soybean utilization. Farmers’ 
Bulletin (USDA) No. 1617. 27 p. Jan. Revised 1932.
• Summary: Contents: Introduction. Soybeans for human 
food: Dried beans (“The Easycook and Hahto varieties, 
however, cook fully as soft as other beans.” Also used 
as a substitute for coffee or for salted peanuts), green or 
vegetable beans (“The Hahto and Easycook varieties have 
been found especially valuable for use as green beans”), 
soybean fl our, soybean oil, soy sauce, soybean sprouts, 
soybean vegetable milk (“used so extensively in China.” 
Also mentions the residue [okara]), soybean curd. Soybeans 
for livestock: For swine, dairy cattle, beef cattle, sheep, 
poultry. Soybeans for oil: Methods of processing beans for 
oil, utilization of soybean oil. Soybean meal: Soybean meal 
for human food, soybean meal for stock feed, for swine, for 
dairy cattle, for beef cattle, for poultry. Soybean meal as a 
fertilizer. Miscellaneous uses of soybean meal. Soybeans for 
hay: Soybean hay for dairy cattle, for beef cattle, for horses 
and mules, for sheep, for swine, for poultry. Soybeans for 
pasturage: Swine, sheep, or poultry on soybean pasturage. 
Soybeans for silage. Soybeans for soilage [green crops 
for feeding confi ned animals; a term fi rst used in 1928]. 
Soybeans for soil improvement. Soybean straw: Feeding 
value, and fertilizing value of soybean straw.
 “Soybean milk in the form of a powder is a commercial 
product in some European countries, and in parts of the 
United States it has been used in special feeding cases” 
(p. 5). “In many cities in the United States having a large 
oriental population fresh bean curd may be found in the 
Chinese and Japanese markets” (p. 6).
 Photos show: (1) Six men steaming soybeans while 
making miso in Japan. (2) Muffi ns made from wheat fl our 
and soybean fl our. (3) Making soy sauce in a Chinese 
courtyard. (4) Grinding soybeans with a stone mill to 
make soybean milk in China. (5) “Blocks of freshly made 
bean curd, ‘tofu,’ as sold in the markets of the Orient.” 
(6) Loading soybean oil in tanks at a soybean oil mill, 
Harbin, Manchuria. (7) Soybean cakes awaiting shipment 
at a Manchurian port. (8) Hogs in a fi eld of soybeans. (9) 
“Pasturing soybeans and corn with sheep is a common 
practice in the Corn Belt states.” (10) Corn and soybean 
plants growing together for use as silage; a boy is standing 
by the plants. (11) “A fi ne growth of soybeans to be used 
for soiling.” Address: Senior Agronomist, Offi ce of Forage 
Crops and Diseases, Bureau of Plant Industry, Washington, 
DC.

866. Harman, K.G.; Martin, T.T. 1930. The 4-H soybean 
club. Missouri Agricultural College, Extension 4-H Club, 
Circular No. 34. 15 p. Feb. [3 ref]
• Summary: Contents: Requirements of the 4-H soybean 
club project. Organization of the club. Inoculation of 

soybeans. Demonstrations on inoculation of soybeans: 
Demonstrations, outline of a team demonstration 
on inoculation of soybeans, score card for judging 
demonstration teams in Missouri. Judging soybeans: Score 
card for judging soybean seed, judging by comparison. The 
club tour or fi eld meeting: Score card for judging soybean 
fi elds. The club achievement program or round-up. Subject 
matter reference material.
 “Work required.–Each club member is required to raise 
at least one acre (A fi ve-acre demonstration fi eld is to be 
preferred), using approved cultural practices, which include 
proper preparation of seed bed, the growing of one of the fi ve 
following standard varieties, Morse, Midwest, Haberlandt, 
Virginia, or Wilson, and harvesting the crop.”
 A photo on the title page shows ten young boys who 
are members of the 4-H soybean club standing in a fi eld of 
soybeans and holding up the club fl ag or sign. Address: 1. 
Extension specialist in fi eld crops; 2. State club agent.

867. Toronto Daily Star (Canada). 1930. Milton: Soya 
bean plant in Milton is new Canadian industry. For the 
manufacture of meal which ranks high as cattle feed: Also 
edible oils. Governments to encourage the growth of soya 
beans in Dominion. March 1. p. 28.
• Summary: “Milton, March 1.–The fi rst mill in Canada 
for the manufacture of meal and edible oils from the soya 
bean and cotton seed will be in operation here shortly.” The 
new company, Milton Oil Refi neries Ltd., has one complete 
crushing unit installed and ready to begin, and has a carload 
of cotton seed, imported from the United States, waiting to 
be crushed nearby. This is the fi rst carload of seed imported 
into Canada for the purpose of milling [crushing].
 The meal from both seeds, which remains after the oil is 
extracted, contains 41-45% protein and is an excellent cattle 
feed.
 “The oil of the soya bean is termed by the enthusiasts as 
‘the oil of a thousand uses’”; it can be used to make anything 
from automobile parts to salad oil and oil for deep-frying 
fi sh and chips. Coat buttons, baby foods, and breakfast 
cereals can all contain some part of the soya bean. The little 
brown bean can be used in the treatment of diabetes. A 
bread containing 10% soya fl our, it is claimed, will retain its 
freshness for 2-4 weeks. Domestic shortening is now largely 
made of soya bean oil or cotton seed oil.
 Beans can be grown here: Although the company will 
import all the cotton seed and soya beans it needs from 
the United States, efforts are presently being made, by the 
Dominion and provincial departments of agriculture, to 
interest Ontario farmers in growing soya beans as a new cash 
crop. It is said that the beans can be cultivated on any land 
suitable for growing corn.
 Describes how soya beans are crushed by [hydraulic] 
presses at Milton to make oil and meal. The crude oil is 
shipped away in tank cars. The meal may be fi nely ground to 
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make fl our.
 The owners and offi cers of the new company foresee a 
large market for their products in and around Toronto. The 
factory is presently able to turn out one ton of product an 
hour, but there is room in the current quarters for adding nine 
more presses.
 “While experiments have been conducted at the Ontario 
Agricultural college, Guelph, for the last 17 or 18 years 
[sic, since 1893 = last 37 years] on soya bean culture, and 
there are upwards of [more than] 500 acres grown in Essex 
county alone, the cultivation of the bean has reached its 
highest point in the United States. In 1909 there were 2,000 
acres under cultivation there, while for 1929 the acreage is 
estimated at 3,000,000 acres. Last year Canada produced 
30,000 bushels of the beans, which were largely sold in the 
United States, since there was no mill to handle them in 
Canada.”
 Ted Harop, who owns a 240-acre farm north of Milton, 
has been growing soya beans for the past 7-8 years; he has 
been planting them with his corn and ensiling the two crops 
together. He said he thought soya beans could be grown 
successfully in that district for use in a mill, such as the one 
at Milton.
 Discusses how to cultivate and inoculate the soya bean; 
the inoculum is available from the various departments of 
agriculture. It costs only 25 cents to inoculate one bushel.
 A long passage about the soya bean from the 
Encyclopaedia Britannica is quoted.
 Note: This is the earliest document seen (Jan. 2010) 
concerning a soybean crushing company in Canada. Milton 
Oil Refi neries Ltd. (Milton, Ontario) began crushing 
soybeans in March 1930. Address: Special to The Star by 
staff reporter.

868. Thompson, John. 1930. Growing soybeans for hay: This 
legume should be used more as catch crop. Wallaces’ Farmer 
55(16):796-97. April 19.
• Summary: “When I refer to soybeans as being a valuable 
hay or roughage crop, I do not mean to say that it is more 
valuable for that purpose than alfalfa or common red clover, 
where the latter can be grown. Unfortunately, however, 
alfalfa and clover are sometimes winter killed or fail for 
some other reason.”
 “There are, of course, several crops–catch crops, as they 
are called–that can be grown for this purpose. Among them 
are millet, sudan grass, sorghum and some others, but they 
are all non-legumes and not nearly so valuable for feeding 
purposes as soybean hay because of its high protein content. 
The difference in the feeding value of hay crops is frequently 
not fully appreciated. Too many judge hay by the ton and 
not by its nutritive constituents, which often leads to grave 
errors.”
 Peking and Wilson are the two varieties of soys suitable 
for all sections of the state. Second choices are Black 

Eyebrow, Manchu, and Ebony. Dunfi eld is excellent for 
the southern two-thirds of the state. Virginia and Morse 
are best suited for the southern one-third of Iowa. “Peking, 
mentioned above, is given fi rst rank as a hay producer 
because of its fi ne stems, and also because it stands up well.” 
However it produces small beans. “It is always a good plan 
to talk over the matter of varieties to grow with your county 
agent.” Also gives details on preparation of the seedbed.
 A photo shows inoculated soybean roots containing 
many nodules.
 Note: This is the earliest document seen (Nov. 2016) 
with the term “catch crop” in the title in connection with soy 
beans. Address: Iowa.

869. Kinney, E.J. 1930. Soybeans and cowpeas for hay. 
Kentucky College of Agriculture, Extension Circular No. 
232. 8 p. May.
• Summary: Contents: Introduction. Planting time. 
Varieties: Mammoth, Southern Hollybrook, Tar Heel Black, 
Biloxi, Laredo (very small black seeds and extremely 
fi ne stems), Virginia, Midwest, Wilson Black, Ebony, 
Peking, Lexington, Haberlandt, Mansoy, Harbinsoy. Land 
preparation. Inoculation. Seeding (Thick seeding for hay 
is advantageous), cultivation, Stage for harvesting. Curing 
soybean hay (“The beans should be tedded, if possible, 
before the leaves become dry enough to crumble. After 
curing in the swath for about 2 days, the hay should be raked 
into small windrows, using a side-delivery rake...”). Cowpea 
hay. Fertilizers for soybeans and cowpeas.
 Note: “Tedded” means turned over and spread out to dry.
 “Inoculation (p. 4-5): Inoculation is very important in 
getting good results with soybeans. When the fi eld has not 
grown the crop previously, artifi cial inoculation is necessary. 
It is not always easy to get good inoculation with soybeans. 
The safest way is to drill dry, screened, inoculated soil thru 
the fertilizer attachment of the drill. About 100 pounds of 
seed per acre is required. Sifting dry, inoculated soil over 
moistened seed at the rate of a peck or more to each bushel 
of seed is also effective. Commercial cultures are, of course, 
most convenient, but do not always give a good setting of 
nodules, altho generally effective.” Address: Lexington, 
Kentucky.

870. Morse, W.J. 1930. Utilizacion de la soya [Utilization 
of soybeans]. Cuba (Santiago de las Vegas). Estacion 
Experimental Agronomica, Circular No. 69. 40 p. May. 
Translation by Emma L. Sena of USDA Farmers’ Bulletin 
1617. [Spa]
• Summary: In the introduction, Ing. Francisco B. Cruz, 
Director of the Agronomic Experimental Station, E.C., 
praises an imported soy oil named “Aceite comestible de 
Soya.” A full-page ad for this product (just before p. 36), 
apparently with the brand name Excelsior, is also shown.
 Contents: Introduction. Soybeans for human food: 
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Dried beans (Los frijoles secos. Also used as a substitute for 
coffee or like roasted peanuts), green or vegetable beans (Los 
frijoles verdes), soybean fl our (harina de soya), soybean oil 
(aceite de soya), soy sauce (salsa de soya), soybean sprouts 
(vastagos de soya), soybean vegetable milk (leche vegetal 
de soya, including the solid material or residue {la materia 
sólida, el residuo} [okara] which is separated from the liquid 
soymilk), soybean curd [tofu] (cuajada de soya).
 Note 1. This is the earliest Spanish-language document 
seen (Jan. 2013) that uses the term vastagos de soya to refer 
to soy sprouts.
 Note 2 This is the earliest Spanish-language document 
seen (June 2013) that mentions okara, which it calls la 
materia sólida, el residuo.
 Note 3. This is the earliest Spanish-language document 
seen (April 2013) that uses the term cuajada de soya refer to 
tofu.
 Soybeans for livestock (la soya para el ganado): For 
swine, dairy cattle, beef cattle, sheep, poultry. Soybeans 
for oil: Methods of processing beans for oil, utilization of 
soybean oil. Soybean meal: Soybean meal for human food, 
soybean meal for stock feed, for swine, for dairy cattle, 
for beef cattle, for poultry. Soybean meal as a fertilizer. 
Miscellaneous uses of soybean meal. Soybeans for hay: 
Soybean hay for dairy cattle, for beef cattle, for horses 
and mules, for sheep, for swine, for poultry. Soybeans for 
pasturage: Swine, sheep, or poultry on soybean pasturage. 
Soybeans for silage. Soybeans for soilage [green crops 
for feeding confi ned animals; a term fi rst used in 1928]. 
Soybeans for soil improvement. Soybean straw: Feeding 
value, and fertilizing value of soybean straw. Address: 
USDA, Washington, DC.

871. Beeson, K.E. 1930. Soybeans for Indiana farms. 
Indiana (Purdue) Agricultural College, Extension Leafl et No. 
151. 6 p. June.
• Summary: Contents: Introduction. Uses. Varieties. 
Inoculation. Culture. Harvesting for hay. Harvesting for seed. 
Future.
 “Soybeans are rapidly increasing in popularity in 
Indiana as a hay crop, as a home-grown protein supplement, 
and as a cash crop. Because of their adaptation to both sweet 
and acid soils, their comparative freedom from disease, their 
tolerance of drouth and poor drainage, and their ability to do 
well on thin soils once they are properly inoculated, they can 
be grown throughout the state. Properly handled they serve 
as soil builders, although less nitrogen is left in the roots and 
stubble than is the case with clovers. On all soils the shallow 
roots have a marked loosening effect upon the surface layer.”
 Varieties commonly grown in Indiana are Ito San, 
Dunfi eld, Manchu, Wilson, and Virginia. Newer varieties that 
look promising but about which less is known are Mansoy, 
Illini, Harbinsoy. Address: Div. of Agronomy, Lafayette, 
Indiana.

872. Dickinson (Albert) Co. (The). 1930. Inoculation for all 
legume crops (Ad). Proceedings of the American Soybean 
Association 3:79.
• Summary:  See next page. This full-page black-and-white 
ad states: “Highest quality, pure cultures prepared by the 
most modern methods. Preferred and used by thousands 
of soybean growers everywhere. Ask your dealer or write 
us for literature and prices. Use these quality cultures 
on your soybeans. Sold by seed and farm supply dealers 
everywhere.”
 Illustrations show: (1) A bottle of Nod-O-Gen 
liquid bacterial culture. (2) A can of Dickinson’s Humus 
Inoculation (dry form) for Legume Crops.
 Note: This is the earliest document seen (Oct. 2016) 
that mentions Nod-O-Gen, a legume inoculum. Address: 
Chicago, Illinois.

873. Meharry, Chas. L. 1930. Seeing soybeans on Illinois 
farms: Stop No. 3–A.P. Meharry Farm [American Soybean 
Assoc. annual meeting]. Proceedings of the American 
Soybean Association 3:103-08. Eleventh annual fi eld 
meeting. Held 10-12 Sept. 1930 in Illinois.
• Summary: Sept. 11, 1930. Thursday morning, 12:30–2:00. 
This farm is located one mile south and two miles east of 
Tolono. Lunch was prepared by the Ladies’ Aid of the Tolono 
M.E. [Methodist Episcopal] church. The tour shows large 
scale production of soybeans, illustrating farm practices and 
inoculation studies.
 After lunch, at 2:00, the author begins: “Fellow soybean 
enthusiasts: This is the third time that our farms have had 
the privilege and pleasure of welcoming the American 
Soybean Association. I believe that considering its youth and 
small numerical strength, the Association has accomplished 
more than any other farm organization. The American 
Soybean Association held its fi rst meeting in Indiana in 
192o. Practically all nearby states were represented and 
Hoosierdom turned out in force. So much enthusiasm and 
inspiration resulted from this meeting that a decision was 
reached to hold a meeting each year in a different state. 
Meetings have accordingly been held each succeeding year 
as follows:
 “1920 Fouts Bros. Farms, Camden, Indiana
 “1921 Illinois Agricultural Experiment Station, Urbana-
Champaign, Illinois.; and A.P. Meharry Farm, near Tolono, 
Illinois
 “1922 Missouri Agricultural Experiment Station, 
Columbia, Missouri
 “1923 Wisconsin Agricultural Experiment Station, 
Madison, Wisconsin
 “1924 Iowa Agricultural Experiment Station, Ames, 
Iowa
 “1925 (Our fi rst three-day meeting)
 “1st day, U.S. Department of Agriculture, Washington, 
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D.C.; and Arlington Experiment Station
 “2nd day, farm of Harvey S. Clapp near Accotink, 
Virginia (this was part of George Washington’s estate)
 “3rd day, Maryland Experiment Station, College Park, 
Maryland
 “1926 Delta Branch Experiment Station, Stoneville, 
Mississippi; and several Yazoo-Mississippi Delta counties
 “1927 North Carolina–Washington, N.C.; and Beaufort, 
Hyde, Martin, Bertie, Chowan, Perquimans, and Pasquotank 
counties
 “1928 Purdue University Experiment Station, Lafayette, 
Indiana; and four regional meetings
 “1929 Guelph, Ontario, Canada, Experimental Station 
and surrounding territory
 “1930 Illinois Agricultural Experiment Station; the 
Robeson Farm near Champaign; the John T. Smith and the 
A.P. Meharry Farms near Tolono; Funk Brothers Oil Mill, 
Bloomington; and Allied Mills, Peoria [Illinois]
 “If any of you can mention another fi eld crop, the 
growers of which maintain an international association 
which has held a big fi eld meeting like this each year for 
eleven consecutive years in nine different states, the District 
of Columbia, and one Canadian Province, you will prove 
yourselves better informed than I am.
 “The Association and the soybean crop owe a debt 
of gratitude to many experiment stations, corporations, 
organizations, and individuals who have contributed liberally 
both in funds and energy.
 “Assisted by other organizations, one accomplishment 
of this Association perhaps not yet widely known was the 
raising of the tariff on soybeans from 30 cents to $2.00 per 
bushel and on soybean oil from 2½ cents to 3½ cents, while 
soybean meal and cake which, under preceding tariff acts 
had been on the free list, were given a protection of $6.00 per 
ton.
 “Truly remarkable teamwork has always characterized 
the efforts of the American Soybean Association. Experiment 
stations have always helped the growers to a most 
remarkable extent; in fact they should receive the major 
share of the credit for these meetings. Such wonderfully 
successful meetings could never have been without their 
loyalty.
 “This farm has a total of a little more than 1400 acres 
under Mr. Riegel’s management, and I believe you will agree 
with me that appearances indicate that it has been effi ciently 
handled this dry year.
 “The home farm consisting of this Section 5 and the 
diagonal quarter section to the southwest was entered from 
the U.S. Government by my grandfather, Thomas Meharry, 
in 1855 and 1857. When grandfather, Thomas Meharry, 
acquired the land, it was wild, wet prairie. My father, 
Abraham P. Meharry, settled here as a young man and later 
brought his Hoosier bride to live here. They spent the best of 
their lives right here, and the place is still best known as the 

A.P. Meharry farm.
 “Prior to 1909 this farm was farmed by very good tenant 
farmers as a rule. Father told me that for a period of about 
seven years he spent practically all the earnings of the farm 
for tile, and there are many carloads buried in the farm; still 
there are not enough, as there are wet spots left yet to drain. 
Father believed in clover and insisted upon sowing clover 
seed with the small, grain crops. Small grain meant oats 
almost invariably, for I remember only one or two wheat 
fi elds on this farm prior to 1909. So while this farm was in 
better state of productivity than many in the county, it had 
fallen far below its virgin state of fertility.
 “The farm was put under the management of Mr. C.H. 
Oathout in the fall of 1908. In the spring of 1909 we found 
that clover had failed on a part of the farm where it was 
most needed. This was a block of thin, white, sour land. 
Mr. Oathout therefore proposed that we substitute soybeans 
where clover had failed. A few acres of ‘Black Beauty’, 
probably Ebony, were sown and about nineteen acres of 
‘Early Yellow’, which were really Ito San. We knew nothing 
about the crop, so like many beginners, we simply sowed 
the seed and left the plants to the tender mercy of the weeds. 
We had plenty of foxtail, of course, but the land was too 
thin to be very foul. Consequently we had ‘fool’s luck’ and 
harvested 19 bushels per acre of Ito San. The Black Beauty 
was all cut for hay.
 “Three hundred sixty-one bushels of soybean seed 
seemed like a prodigious amount to us, and we succeeded in 
peddling out in little dribs of a few pounds to a few bushels 
all the seed we could spare at $1.75 per bushel. Before it 
was all gone we resolved to plant beans again and even to 
increase our planting to thirty whole acres! Again we had a 
good crop and sold it without much diffi culty.
 “We had found the farm divided into eight fi elds and 
taking the course of least resistance, adopted an eight-year 
rotation to fi t the fi elds. It was as follows: corn, corn, oats, 
clover, corn, oats, wheat, clover. Soys at fi rst were used 
merely as a clover substitute. Besides this major rotation we 
ran a minor one on several small fi elds of irregular size and 
shape which results from an effort to get the larger fi elds 
squared up. By the time Mr. Oathout left the farm both he 
and I had begun to acquire some rather widespread notoriety 
as ‘soybean cranks’. As yet we were among a very few 
soybean growers in this county.
 “Mr. Riegel came here in the fall of 1913. He seemed 
to be easily inoculated with soybean enthusiasm, and so the 
program grew. We both suspected that oats were not a highly 
profi table crop and just on suspicion we substituted soys for 
oats in the last half of the rotation, and tried sowing wheat 
in soy stub without plowing. It worked, altho folks thought 
we were crazy. Our rotation thus became: corn, corn, oats, 
clover, corn, soybeans, wheat, clover.
 “We had begun to keep an accurate cost account of 
our fi elds, largely to give ourselves the courage of our 
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convictions. A few years of that proved conclusively enough 
for our purpose that oats were unprofi table, on this farm at 
least, so out went the other oats fi eld and we changed our 
rotation to corn, soybeans, wheat, and clover, there now 
being two fi elds of each crop annually. This was continued 
for several years, during which our average crop yields, 
particularly of corn and beans, gradually improved.
 “During these years we had been applying limestone 
and phosphates, particularly raw rock phosphate, tho 
occasionally bone meal was used. These helped us to get 
sweet clover, as well as the other clovers, and some of the 
old, sour, white spots began to yield almost as well as the 
better land.
 “We have concluded that about the fastest way to 
rejuvenate an old, worn-out farm is to combine-harvest two 
or three successive crops of soys, returning the straw to the 
land. After such treatment we fi nd that corn becomes a very 
satisfactory crop even on badly worn soil. For this kind of 
a program I suggest using a variety like Harbinsoy which 
utilizes the entire growing season and makes a big growth 
and satisfactory yield on thin land where earlier varieties 
commonly dwarf badly. Inasmuch as the soys are to be 
followed by a spring-planted crop, somewhat later maturity 
of the soys is not so important as it is when wheat is to be 
planted.
 “By this time we had started using the four-row corn 
planter and cultivator and had learned more than ever to 
appreciate the importance of large fi elds and long “throughs” 
in the economical management of land. Therefore, we 
rearranged the fi eld division of the whole farm. Three fi elds 
on this section are a mile long and the fourth about three-
quarters of a mile long.
 “Much of the value of such a meeting at this time 
comes from the discussion which is ordinarily prompted by 
it. If there are any questions regarding the management of 
these farms, we will endeavor to answer them.” Continued. 
Address: Meharry Farms near Tolono, Illinois.

874. Meharry, Chas. L. 1930. Seeing soybeans on Illinois 
farms: Stop No. 3–A.P. Meharry Farm (Continued–
Document part II). Proceedings of the American Soybean 
Association 3:103-08. Eleventh annual fi eld meeting. Held 
10-12 Sept. 1930 in Illinois.
• Summary: (Continued): “Question: ‘Do you attribute your 
clover failures to your use of soybeans or to your rotation 
system?’
 “Answer: ‘We do not. We believe that this year peculiar 
climatic conditions which we do not pretend to understand 
or explain were unfavorable for getting a clover stand from 
early seeding. On four of our farms where clover was seeded 
early, when we ordinarily have best results, we have partial 
or total failures. On one farm where clover was sown later 
than we consider desirable, we have a very good stand of 
clover.’

 “Question: ‘Do you use fertilizers?’
 “Answer: ‘Not upon the soybean crop, except in a small 
way as a trial, which proved unprofi table. All of this home 
farm has had one application of limestone and most fi elds 
have had two or more applications of raw rock phosphate or 
bone meal, but we have fertilized the corn or wheat crops, 
not the soybean crop.’
 “Question: ‘Do you believe that it is necessary to use 
fertilizer when such a high proportion of leguminous crops 
are grown?’
 “Answer: ‘We have found that successive crops of 
soybeans raise the general level of productivity of worn land 
without addition of mineral fertilizers, at least temporarily. 
We have had indications of immediate response of soybeans, 
sweet clover, and alfalfa to limestone, and of the cereals 
to phosphates. We do not know how far we may raise the 
productivity of thin land by the use of soys nor how long 
it may be maintained. Personally, I believe that sooner or 
later replacement of minerals, removed by the grain crops, 
will have to be resorted to to prevent diminishing returns. 
On old, worn farms we believe that one of the fi rst and 
most limiting factors is lack of nitrogen and organic matter. 
Repeated soybean crops, particularly when combined and 
the straw returned, seem to restore nitrogen and organic 
matter very rapidly. But soys do deplete minerals rather 
fast. For instance, a 25-bushel crop of soybeans will remove 
approximately as much phosphate, potash, and calcium as 
50 bushels of wheat or 100 bushels of corn. We know that a 
25-bushel crop of soys is much more frequently and easily 
attained than a 50-bushel wheat crop or a 100-bushel corn 
crop. Surely we may not have our cake and eat it too. The 
time must certainly come when we must restore to the land 
that which we remove from it if we expect to continue to 
harvest large yields.’
 “Question: ‘Do you favor row cultivation or solid 
seeding?’
 “Answer: ‘For our conditions and practices we favor 
drilling solid. We believe this matter resolves itself strictly 
into a choice between economy of labor and economy of 
seed. That determination has to be made individually by each 
grower according to his especial conditions. One method 
may be as successful as the other. The secretary of this 
Association, Mr. J.B. Edmondson, a very successful Indiana 
grower, is a strong advocate of row cultivation. Other 
growers, including ourselves, believe that that method would 
be a serious handicap to us.’
 “Question: ‘How do you control weeds? Evidently 
weeds are not a serious problem here.’
 “Answer: ‘Quite the contrary. Much of this land is 
very foul and contains about the maximum number of weed 
seed, I believe, but I shall ask Mr. Withrow to answer that 
question. Lewis, will you explain how you handle the weed 
problem?’
 “Mr. Withrow: ‘We believe strongly in doing much of 
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our weed killing ahead of planting. Then within a day or 
two we begin searching in the dirt for germinating weed 
seed. Whenever found we try to kill them. In doing this 
we disregard the beans entirely, paying no attention to the 
stage of germination of the bean seed or to the development 
of the soys. We ignore their presence and do whatever is 
necessary to kill weeds, focusing our attention on the future 
instead of the present. Usually treatment which exterminates 
weeds effectively also kills some beans, but we provide for 
that contingency by sowing enough soys so that we may 
kill a lot and not miss them. We like the spiketooth harrow 
for early cultivation, and like the teeth set pretty straight so 
long as they do not drag trash, unless the ground is crusted. 
The harrow gets over ground rapidly and cheaply and is a 
fi ne implement in a loose seed bed. For crusted ground or 
later cultivation the rotary hoe is better than the harrow. This 
spring Mr. Meharry came out just as I fi nished harrowing 
vigorously a fi eld of beans which were just getting their fi rst 
set of leaves. It looked as if half of them were hopelessly 
covered. I asked Mr. Meharry if he thought they were ruined 
and he seemed quite unworried and said he believed most 
of the plants would uncover themselves. Some days later he 
searched carefully and told me he had found only one plant 
that had perished.’
 “Question: ‘Do you pull your rotary hoes with horses or 
tractors?’
 “Answer: ‘Mr. Crumbaker, will you tell this man how 
you pull your hoes?’
 “Mr. Crumbaker: ‘We have used horses so far because 
we had them and they do not have to be fi lled up with 
expensive gasoline. However, we probably would not 
hesitate to use the tractor if we became crowded for time.’
 “Mr. Meharry: ‘Mr. Riegel here has used the tractor 
occasionally, I believe.’
 “Question: ‘Doesn’t the tractor kill a lot of beans?’
 “Answer: ‘It does kill some but surprisingly few. I 
happen to know that Secretary J.B. Edmondson has tractor-
hoed beans. Mr. Edmondson isn’t afraid to treat ‘em rough 
when occasion demands. He redeemed a fi eld, a year or two 
ago, which had been hopelessly ruined by being crusted over 
in the germination stage. A hoe would not break the crust so 
he disked it. The fi eld looked good for 25 bushels that fall. 
I don’t suppose he advocates that for a regular practice at 
all, but extraordinary occasions sometimes justify unusual 
practices.’
 “Question: ‘How much hand hoeing or weed pulling 
was done here to keep these beans clean?’
 “Mr. Meharry: ‘Mr. Riegel, will you answer that 
question?’
 “Mr. Riegel: ‘Two men did all the hand work on this 56 
acres in one day.’
 “Mr. Meharry: I wish again to express the gratitude 
of everyone connected with the Meharry Farms for your 
presence and interest in the work of this Association.’” 

Address: Meharry Farms near Tolono, Illinois.

875. Proceedings of the American Soybean Association. 
1930. Program of joint meetings: American Soybean 
Association and Annual Illinois Soybean Day. Agronomy 
South Farm, University of Illinois, Urbana-Champaign. Sept. 
10, 11, 12, 1930. 3:3-6. Eleventh annual fi eld meeting. Held 
10-12 Sept. 1930 in Illinois.
• Summary: The Wednesday morning program began at 9:00 
with music by a male quartet, followed at 9:20 by a welcome 
from Dean H.W. Mumford. Then came 13 speeches about 
soybean production and feeding; their titles and authors are 
listed. At 12:00 there was a “special soybean lunch” served 
at the University South Farm and prepared by ladies of the 
First M.E. Church, Urbana. It consisted of “Soybean fed 
pork, soybean fed beef, soybean bread, soybean muffi ns, 
baked soybeans, a soybean health drink, soybean ice cream, 
and soybean ice.”
 On Wednesday afternoon, starting at 5:00 p.m. there 
was an inspection of soybean production machinery at the 
Farm Mechanics Building, and the special tour of the Urbana 
Laboratories.
 On Thursday evening at 8:00 p.m. Dr. John Harvey 
Kellogg, of the Battle Creek Sanitarium [Michigan], 
presented a paper titled “Soybeans as human food,” which 
was printed in the Battle Creek Hospital Journal, Good 
Health.
 On pages 5-6 is the text of the “Address of Welcome,” 
by Dean H.W. Mumford, Univ. of Illinois.
 Note: This is the earliest English-language document 
seen (Sept. 2013) that contains the term “soybean ice cream.” 
Address: Illinois.

876. Sears, O.H. 1930. Inoculating soybeans. Proceedings of 
the American Soybean Association 3:74-77. Eleventh annual 
fi eld meeting. Held 10-12 Sept. 1930 in Illinois.
• Summary: “It has been said that inoculation of legumes 
is one of the most profi table kinds of soil treatment that the 
farmer may employ. The soybean is no exception to this 
general statement with reference to the importance of good 
inoculation. It pays a big interest on the investment because 
the cost per acre is small and the crop increases large. These 
benefi ts are exhibited in an increased yield both of hay and 
of seed, in an improved quality of the crop, when judged by 
the protein content, and in its infl uence upon the nitrogen 
economy of the soil.
 “There are individual exceptions, but, in general, nodule 
development was unsatisfactory this year on soybeans 
grown on land where the nodule organisms were not already 
present. This condition existed regardless of the kind of 
inoculants used, altho there were marked differences among 
the commercial cultures sold in the state. Inoculants that 
produced an average of 12 nodules per plant last season 
produced about 3 nodules per plant this year. However, this 
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difference in nodulation is not necessarily a refl ection on 
the cultures, but rather an expression of a seasonal condition 
which was unfavorable for the life and activity of the 
organisms introduced into the soil for the fi rst time.
 “On the other hand, good nodulation resulted where 
the nodule organisms were already present in the soil. This 
situation may be illustrated by a fi eld on the A.P. Meharry 
Farms in Champaign county.
 “One portion of this fi eld had grown inoculated beans 
previously, while the remainder of the fi eld grew beans for 
the fi rst time this year. The seed sown on both portions of 
this fi eld were inoculated with a good commercial legume 
inoculant. That portion of the fi eld which grew the soys for 
the fi rst time produced a fair crop of seed, altho the number 
of nodules per plant was small, averaging but seven nodules 
on 10 plants, and the crop matured several days earlier than 
the other part of the fi eld. The portion of the fi eld which had 
grown inoculated soys previously had 365 nodules on 10 
plants and will probably yield from 25 to 50 percent more 
beans than the part growing soys for the fi rst time.
 “Altho the differences in nodule formation between 
fi elds growing soys for the fi rst time and second time, 
respectively, is somewhat exaggerated this year, it is not 
unusual to fi nd more nodules the second time the beans are 
grown than was secured with the fi rst seeding. This is one of 
the reasons why the second soybean crop frequently is better 
than the fi rst one grown in a given fi eld.
 “It is for the same reason that some farmers have 
followed the practice of seeding soys in the corn preceding 
the fi rst regular soybean crop. In case there is no possibility 
of using the beans for feed, it is doubtful whether the practice 
of sowing soybeans in corn ordinarily is a profi table one 
since a reduction in yield of corn results on account of the 
competition with the soys. Where they can be hogged or 
lambed off, or even put in the silo, there is considerable 
to be gained by this practice because the beans not only 
make a good protein supplement, but are valuable also in 
establishing an active fl ora of soybean nodule bacteria.
 “In the above test, even with poor nodulation, a fair 
yield of beans was secured. Such a result is unusual on 
soil of only medium fertility. During the past season, a 
moderate soil moisture and high soil temperatures favored 
the formation of available or nitrate nitrogen from the 
unavailable nitrogen supply in the soil. For this reason, 
the beans are somewhat less dependent on the fi xation of 
atmospheric nitrogen by the nodule bacteria than would have 
been the case ordinarily. Consequently, a fair crop of beans 
was produced even when the crop was dependent almost 
entirely upon the supply from the soil itself. Furthermore, 
legume crops appear to prefer soil nitrogen rather than air 
nitrogen and utilize the soil nitrogen when it is available. It is 
possible, therefore, that the conditions favoring nitrifi cation 
this year had a tendency to limit nodule formation by 
furnishing a ready supply of this element to the soybean 

crop.
 “There has been much interest in the matter of 
repeated inoculation. The question has been asked whether 
it is necessary to inoculate the seed after one or two 
well nodulated crops have grown in a fi eld. A number of 
observations in various parts of Illinois are similar to the 
one mentioned on the Meharry farms, and, while they do not 
answer the question completely, the results are interesting 
in this connection. In these cases the residual effect of a 
previous inoculation is more effective than the immediate 
inoculation. It should be kept in mind that, altho many 
conditions will infl uence the effectiveness of repeated 
inoculation, the most marked benefi ts are secured where 
no soys have been grown previously and where the nodule 
bacteria have not already been carried.
 “Like all other good things, satisfactory inoculation 
cannot be had for nothing. The cost may be largely a matter 
of time spent in planning and preparing the inoculating 
material, or it may also include an actual money outlay. In 
any case, however, the benefi ts are large in proportion to the 
cost.
 “A lack of appreciation of the importance of inoculation 
in the past, together with this slight cost of the treatment, 
has been responsible for many fi elds of uninoculated 
beans. Consequently, there has been a desire on the part of 
some seedsmen and owners or managers of tenant farms 
to inoculate the seed before it is sold in order to make sure 
that this important step in the growing of the soybean crop 
is not neglected. Unfortunately, this procedure has not been 
found very satisfactory. The results of this year’s studies 
confi rm the fi ndings of previous investigations that the best 
nodulation results when the organisms are placed on the 
seed near the time of seeding. Desiccation or drying is a very 
effective method of destroying a class of bacteria to which 
the legume nodule organisms belong, and, as the interval 
between inoculation and seeding increases, the chances for 
good nodulation decrease.
 “Until recently soil served as the chief source of legume 
nodule bacteria in Illinois. More recently, the proportion 
of commercial inoculants has been increasing. Two factors 
have contributed to this changing condition. Improved 
methods have resulted in better commercial cultures, and 
on the other hand soil has been used which was unsuited for 
inoculation purposes. In order to be a suitable inoculant, the 
soil should contain an abundance of legume nodule bacteria. 
The mere fact that a crop such as soybeans has grown on the 
land is no guarantee that the soil is a desirable source of the 
proper nodule bacteria. Some farmers have made sure than 
an adequate supply of the nodule bacteria was present by 
going into a fi eld and digging soybean roots from which they 
stripped the nodules. One or two gallons of these nodules are 
then mixed with 2 to 4 gallons of soil which is placed in a 
wooden box sunk in the ground in the garden. The decaying 
nodules release the nodule bacteria which they contain and a 
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heavy seeding of the organism in the soil results. This soil is 
then used for next year’s inoculum.
 “A number of commercial companies are supplying 
legume nodule bacteria at a reasonable cost. Some of these 
inoculants contain an abundance of effi cient nitrogen-fi xing 
bacteria and, if used according to directions, should give 
good results. In fact, the best commercial cultures will be 
found superior to the ordinary soil inoculation altho the latter 
may be used effectively. As previously stated, however, 
commercial inoculants differ greatly in their effi ciency. 
During the last two years, dry types of cultures have been 
sold extensively in Illinois.
 “The United States Department of Agriculture has 
found none of the ‘dry-applied’ materials as effective as 
those applied with water when judged by nodule formation. 
Two years’ investigations in the greenhouse and fi eld at the 
Illinois station are in accord with these fi ndings.
 “In conclusion, it may be said that good seed, a good 
seed bed, and a fertile soil are all important considerations 
in planning for the growing of soybeans, but, in addition 
to these, the matter of inoculation must not be overlooked 
if one expects to succeed with this wonderful crop.” 
Address: Dep. of Agronomy, Univ. of Illinois.

877. Smith, John T. 1930. Seeing soybeans on Illinois 
farms: Stop No. 2–John T. Smith Farm [American 
Soybean Assoc. annual meeting]. Proceedings of the 
American Soybean Association 3:102. Eleventh annual 
fi eld meeting. Held 10-12 Sept. 1930 in Illinois.
• Summary: Sept. 11, 1930. Thursday morning, 10:30–
12:00. This farm is located seven miles south and three 
miles west of Champaign, Illinois. “The tour led through 
one of Mr. Smith’s large soybean fi elds where he had four 
plots showing the effect of seed bed preparation on the 
production of soybeans... Judging from appearances, the 
plot which had been pulverated (plowed with a pulverator 
plow on March 17) and drilled immediately and the plot 
which had been pulverated and disked once were best.”
 “The stop on Mr. Smith’s farm was made in a 40-acre 
fi eld where he was combining soybeans and where the 
pulverator plow and soybean seeder were being operated. 
The soybeans which were being harvested were the 
Mandarin variety; they had been seeded on May 1.
 “Mr. Smith also had a group of individual hog houses 
which had been painted during the summer with soybean 
paint. These houses had been painted with soybean oil in 
proportions of 20-25-30 and 40 percent of the vehicle.
 After an interesting visit of 1½ hours, the caravan 
of more than 100 cars continued on to the A.P. Meharry 
farm. Address: Southwest of Champaign, Illinois.

878. Urbana Laboratories. 1930. Inoculate all legumes 
with Urbana Culture, superior legume inoculator (Ad). 
Proceedings of the American Soybean Association 3:78.

• Summary:  See below. This full-page black-and-white 
ad states: “Contains carefully selected and proven superior 
nitrogen-gathering strains. Scientifi cally prepared.” A photo 
of a fi eld of soybeans (Robeson Farm, Champaign, 1930) 
shows the difference. The left half is light and the right half 
is darker. Address: Urbana, Illinois.

879. Whiting, A.L. 1930. Seeing soybeans on Illinois farms: 
Stop No. 1–Robeson Farm [American Soybean Assoc. 
annual meeting]. Proceedings of the American Soybean 
Association 3:101. Eleventh annual fi eld meeting. Held 10-
12 Sept. 1930 in Illinois.
• Summary: Sept. 11, 1930. Thursday morning, 8:30–
10:00. The Robeson Farm is located 3 miles southwest of 
Champaign, Illinois. A fi eld test showed striking differences 
between different strains of bacteria when used for 
inoculating soybeans. The test was conducted in cooperation 
with The Urbana Laboratories (Urbana, Illinois) and Mr. J.E. 
Johnson, manager of the Robeson Farm.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   437

© Copyright Soyinfo Center 2018

 Certifi ed Illini seeds were drilled on 17 May 1930, using 
1½ bushels per acre. The demonstration included eight plots 
(each 0.88 acres), with a different strain of soybean bacteria 
from liquid culture on each. Soybeans had never been grown 
here before. Each of the 8 plots showed striking differences 
in the color, vigor, and height of the soybean plants–but all 
eight plots showed good nodulation. Address: Champaign 
County, Illinois.

880. Doolas, George Z. 1930. Local variation of soil acidity 
in relation to soybean inoculation. Soil Science 30(10):273-
87. Oct. [21 ref]
• Summary: In pot experiments soy beans were grown with 
their roots penetrating soil zones of varying acidity. In areas 
with pH 3.8-4.6 nodulation was depressed and roots were 
injured, but at pH 5.6 growth and nodulation were normal. 
Apparently healthy plants were produced when part of the 
root was in soil of pH 5.6, but part was injured in more acid 
soil. Depression of nodulation in acid soil results from local 
acid injury to the plant tissue or from abnormal nutritive 
conditions. Nodule organisms remain viable in soils of pH 
3.8-8.3. Address: Univ. of Missouri.

881. Farming in South Africa. 1930. Legumes for the 
summer season. 5(55):323-24. Oct.
• Summary: Begins with a discussion of the importance of 
good nodulation among legumes so that the soil is enriched 
with nitrogen. Lists the principal legumes grown in Natal 
during the summer, starting with the cowpea. Then:
 “The Soya Bean: The soya bean can be grown in 
those parts of Natal having a good rainfall of 30 to 35 in.; 
it will do well under sour soil conditions, but responds to 
the use of lime. It will not always produce nodules, so that 
it is necessary under such conditions (in order to get the 
dual benefi t) to inoculate the seed with pure culture, or use 
inoculated soil.
 “If planted in November, it can be harvested as hay 
in March or as seed in April. Cultivation should be carried 
out when the true leaves appear, and at intervals up to the 
fl owering period. Seeding should be rather liberal, especially 
for hay production. It should be planted in a continuous line 
in the drills, with a space of 2½ to 3 feet between drills. 
Wide spacing in the lines is unsuitable for hay production. 
Seed should not be sown at a time when prospect of rain 
is doubtful, or it will experience a setback from which it 
will not recover, and the yield will be disappointing. If well 
looked after, the soya bean will give a bulk of hay equal to 
the cowpea, and of approximately the same feeding value for 
stock.
 “It has the following advantages over the cowpea, i.e. 
resistance to rust, immunity from weevil attack, immunity 
from attack of fl ower-eating insects. It can be cut with 
a mower. The following varieties have been thoroughly 
tested under Natal conditions, i.e. Brownie, an excellent 

seed variety, also useful for hay, is medium late-maturing, 
Mammoth and American White are good hay varieties, 
giving plenty of leaves and stems, but late-maturing. 
Haberlandt, A K and Morse are good dual-purpose varieties, 
and are moderately early-maturing. Eyebrow and Kauran are 
early-maturing varieties, but not heavy yielders. Soya beans 
will readily respond to fertilizers. Limestone, super and 
potash have given excellent results in the red doleritic soils 
of Natal.”
 A photo shows a man standing in a fi eld of soya beans 
(grown in rows) at the Cedara School of Agriculture.

882. Hughes, Harold DeMott; Henson, Edwin R. 1930. 
Crop production–principles and practices: A handbook of 
information for the student of agriculture. New York, NY: 
The Macmillan Co. x + 816 p. Oct. Illust. Index. 25 cm. 
Reprinted in 1935. [40 soy ref]
• Summary: A comprehensive, innovative classroom 
textbook. Both authors are interested in methods of teaching. 
Harold Hughes lived 1882-1969. Edwin Henson lived 1896- 
(for biographies see p. vi).
 A large table titled “Botanical classifi cation of crop 
plants” (p. 59-60) is divided into two equal parts (classes): 
monocotyledons (such as corn, wheat, millet) and 
dicotyledons (soybeans, cowpeas, peanuts, alsike clover, 
etc.). For each plant is given (e.g.): Common name: soybean. 
Order: Rosales. Family: Leguminosae. Genus: Soja. Species: 
max. Subspecies: None. Spermatophytes (such as soybeans) 
are seed-producing plants; they are considered the most 
highly organized in the vegetable kingdom. Spermatophytes 
are further divided into two divisions: the Gymnosperms and 
Angiosperms (such as soybeans, which have their ovules 
enclosed in an ovary).
 A table titled “Water requirements of certain crop plants 
and weeds” (p. 129, based on Briggs and Shantz, 1914) 
shows that soybeans require 744 lb of water to produce 1 lb 
of dry matter. Several weeds require only 200-300 lb.
 A table (p. 156) shows that soybeans have low lime 
requirements; they tolerated acid soils well. Various studies 
support this.
 A table titled “Legumes grouped on the basis of those 
which may be inoculated by some strain of bacteria” (p. 
163) contains 8 groups: Alfalfa group, red clover group, 
cowpea group, vetch group, soybean group, bean group, 
and lupine group. Some groups (such as the vetch group) 
contain as many as 8 crop plant members. But the soybean 
group contains only one member: the soybean. Inoculation of 
soybeans is discussed on pages 162-66.
 Soybeans are also discussed in the following sections: 
“Green manures” (p. 180-82). “Plowing, subsoiling and 
deep tillage” (p. 209). “Cultivation of soybeans” (p. 258). 
Effect of drying seeds on germination (p. 342; “Soybean 
seed dried for 26-59 hours at temperatures ranging from 
85 to 115 degrees F. was considerably injured when 50% 
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of combustion gases were used”). “Supplementary crops 
in the corn fi eld” (their effect on corn yields) (p. 375-76). 
“Corn [interplanted] with soybeans” (p. 376-79). “Sorghum 
for silage...” (p. 405). “The combine harvester” (p. 436-37; 
a photo shows a combine harvester harvesting wheat in 
Indiana). “Composition of grass and legume hays (p. 536-
37; large table). “Annual crops pastured off when mature (p. 
541; table comparing corn, cowpeas, velvet beans, peanuts, 
and soybeans; soybeans have by far the smallest acreage, 
production, and estimated quantity eaten by livestock, while 
corn has by far the biggest).
 Chapter 29, titled “Soybeans,” has the following 
contents: Introduction. Description of the plant. Soil 
adaptation. Climatic adaptation. Soybean varieties. Uses of 
the crop (large diagram from Morse 1927). Culture of the 
crop. Cultivation of soybeans (to get rid of weeds). Soybeans 
in mixture with other crops. Rotation value of soybeans. 
Harvesting soybeans for seed. Soybean hay. Soybeans in 
corn for silage. Feeding value of soybeans: Hogs–hogging 
off, lambs–hay, dairy–beans, dairy–hay. With 5 photos, 8 
tables and 23 references.
 “Sudan grass in mixtures” (p. 677). “Forty of the 
most important diseases affecting crop plants” (table, p. 
739-42; Soybeans are affected by Mosaic (virus), Root 
knot {Heterodera radicicola, nematode}, Anthracnose 
{Colletotrichum sp.}, Bacterial blight {Bacterium sp.}, Stem 
rot {Sclerotium rolfsii}).
 “Effect of rotation of crop yields” (p. 749, 752; incl. 
table titled “Yields of crops in rotation, Indiana”). “Crop 
sequence” (p. 753-54). Address: 1. Prof. of Farm Crops, and 
Chief in Farm Crops, Iowa State Agric. Exp. Station; 2. Asst. 
Prof. of Farm Crops. Both: Iowa State College, Ames, Iowa.

883. Kas, Vaclav. 1930. K otazce pribuznosti hliznatych 
bakterif. (Infeckcni typ u hlizek soje) [On the question of 
bacteria that infect soybean nodules]. Vestnik Ceskoslovenske 
Akademie Zemedelske (Bulletin of the Czechoslovak 
Academy of Agriculture) 6(10):1073-78. Dec. [20 ref. Cze; 
ger]
• Summary: The German title is “Zur Frage der 
Verwandschaftsverhaeltnisse von Knoellchenbakterien 
(Infektionstypus in den Wurzelknoellchen von Soja.)” 
Address: Z biochemickeho ustavu st vyzk. ustavu pro vyrobu 
rostlinnou v Praze, Czechoslovakia.

884. Gutschy, Ljudevit. 1930. Vaznost i znacenje cvorstih 
bakterija po kulturu soje [The importance and signifi cance 
of nitrogen-fi xing bacteria in the cultivation of soybeans]. 
Gospodarski List (Farmer’s Newspaper, Zagreb, Croatia) 
89(10):152-54. [Scr]*
Address: Yugoslavia.

885. Fuggles, N.R. 1930. Soy bean selection in Trinidad, 
together with investigations of nodule formation in college 

soil. Dissertation presented for the Associateship of the 
Imperial College of Tropical Agriculture. 27 p. 1929-30.
• Summary: Contents: A. Part I: Selection. 1. Introduction. 2. 
Aim of investigations. 3. Work achieved in the last two years. 
4. Current year’s work (1929-30). 5. Field management. 6. 
Selection work. 7. Conclusions and suggestions for future 
work.
 B. Part II: Inoculation. 1. Introduction. 2. Investigations 
1929-30. 3. Conclusions and suggestions for future work. C. 
Bibliography. D. Appendixes: I. Rainfall graph. II. Sketch 
of the position of continuous growth plot of inoculated & 
uninoculated beans.
 Soybeans can be used to make many food products, 
including oil, fl our, biscuits, milk powder, chocolate, soy 
sauce... The black varieties are not greatly favoured as they 
give a bad coloured cake and have a lower oil content.”
 “In Trinidad during the past two years in which 
investigations on Soy Bean have been going on, the plant 
has defi nitely grown once the seed has germinated and 
good sets of pods have been obtained... The diffi culty in 
Trinidad has been in inducing germination in the seeds. 
Germination was poor in 1927-28 and again in 1928-29, 
which while in 1929-30 it has been bad enough to cause 
the loss of certain selections (p. 8). The bad germinating 
power of the seed under Trinidad conditions seems to be 
the limiting factor in its growth here. It has been suggested 
that the bad germination is due to some fault in the storage 
of the seed, combined with its high oil content, but different 
strains showed considerable difference in their powers of 
germination.”
 In Trinidad, the soy bean recommends itself as a cover 
crop on sugar cane estates for three main reasons: (1) It 
is a legume and this brings to the soil much nitrogen by 
nodulation; (2) It produces high yields of a bean which gives 
valuable products; (3) Of the products one, oil, can bring in 
a monetary return. The other, as a cake, yields good feed for 
the stock on the estate.
 A Chinese strain of soy beans from the Usine Ste. 
Madeline has been introduced as a cover crop with some 
success. Although prolifi c, it has an undesirable black seed. 
This year, further trials of the Venezuelan and Darjeeling 
[India] strains will be conducted.
 “Conclusion: The acidity of the soil on the College plots 
is not in itself suffi cient to prevent nodulation of the plants. 
When the seed has been inoculated nodules will develop 
although at fi rst only in small quantities. Liming, while 
increasing the pH value of the soil, does not seem to increase 
the power of the bacteria to infect the plants more strongly. 
The bacteria, once established in the soil, can stand the dry 
season and inoculation every year for several years seems to 
be indicated.
 Thanks “to Professor E.E. Cheeseman for his help and 
suggestions in the foregoing investigation.” A rainfall graph 
shows that their was little rain from late November until 
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early January. Address: Trinidad.

886. McIntosh, A.E.S. 1930. Economic botany: Report of 
the geneticist. Report on the Department of Science and 
Agriculture, Barbados. p. 21-65. For the year 1929-30. See 
p. 62-64.
• Summary: Section V, titled “Economic legumes,” states 
under General Conclusions: “The Ground Nut (Arachis 
hypogea) and Soya Bean (Glycine hispida) may be safely 
used as a human or stock feed in the ‘whole’ state. Generally, 
however, these have their oil extracted. The residues make 
a highly nutritious cattle meal or plant manure. Soya Bean 
tried in Barbados so far has failed for two chief reasons–(1) 
its attack by hares in the young stages, and (2) its poor yield. 
It is hoped that by the introduction of several strains with 
range in habit the latter may be overcome. At present this 
species cannot be recommended.
 Section VI, titled “Soya beans,” notes that in trials 
conducted in 1928, using a U.S.A. strain and 2 selections 
from Venezuelan seeds, no nodules developed on the plants. 
“In 1929 it was hoped to run a series of experiments with a 
large selection of strains from the United States of America 
but these did not arrive. A fi eld experiment was carried out 
with the three original varieties experimented on in 1928. 
These were sown in the dry season [April 17] and irrigated. 
Cultures of the Soya Bean nodule organisms were obtained 
from the States.” Plant spacing was 15-20 inches between 
rows and 4-9 inches between plants in each row. Yields of 
beans ranged from 767 to 833 lb/acre [12.8–13.7 bu/acre]. 
Oil content ranged from 21.82 to 22.84%. “The results from 
this crop are encouraging and it will be persevered with.” 
Address: B.Sc., Ph.D., Barbados.

887. Mumford, H.W. 1930. A year’s progress in solving 
some farm problems of Illinois. Illinois Agricultural 
Experiment Station, Annual Report 43:1-296. For the year 
ended June 30, 1930.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crops: Ways being found to put 
hay on high-profi t basis (p. 36-37). Make progress toward 
better quality of beans (p. 38-39). New soybeans give chance 
to show worth in Illinois (p. 39-40). Nodule bacteria vary in 
distribution and effi ciency (p. 40-42). Commercial legume 
inoculants differ widely in value (p. 42). Soybeans best 
judged by long-time effect on soil (p. 42-43).
 Livestock investigations: Soybeans at last fi nd a place in 
swine rations (p. 87-88). No faultless way to fatten hogs on 
soybeans (p. 88-90). Soybean oil meal is poorly-utilized feed 
for hens (p. 100-01).
 Farm organization and management: High yields lower 
bushel cost of growing soybeans (p. 168-71). Agricultural 
economics: Two developments of interest in soybean 
marketing (p. 183-84).
 Farm mechanics: Losses vary widely in mechanical 

harvesting of corn (p. 210-14; “As in previous years, the 
study of harvesting wheat, oats, and soybeans has consisted 
principally of tests to measure grain losses for the combine 
and the binder-thresher methods”). Test new equipment 
for artifi cially drying grain (p. 215-17). Address: Dean and 
Director of the Station, Urbana, Illinois.

888. Savory, J.B.G. 1930. An investigation on the soya bean 
in Trinidad. Dissertation presented for the Associateship 
of the Imperial College of Tropical Agriculture. 25 p. 
Department of Botany 1929-30.
• Summary: Contents: 1. Introduction. 2. Diagram of plots. 
3. Current year’s work including results of the study of the 
following characters: Germination, leaf size, habit of growth, 
period of maturity, pubescence, yield. 4. Selections and 
their new nomenclature. 5. Suggestions for future work with 
special reference to storage. 6. Results of the investigations 
into root nodule formation from: Field experiments, pot 
experiments. 7. Rainfall graph. 8. Bibliography. 9. Index 
to tables: I. Acreages under soya beans. II. Showing 
germination results on Plot 4. III. Showing germination 
results on Plot 5. IV. Comparison of days to maturity of 
parents and progeny. V. Comparison of yield and bean 
weight of parents and progeny. VI. Selections and their new 
nomenclature. VII. Results of the 1st. inoculation experiment 
in pots. VIII. Results of the 2nd. inoculation experiment in 
pots.
 “As in the previous years Plots 3, 4, 5, situated in the 
Botanic Department of the College Farm, were used to 
carry out the Soya Bean experiments.” The soil here has a 
tendency to pan down in wet weather and dry out hard in dry 
weather. Soil analysis shows that it is defi cient in organic 
matter and most of the essential plant foods. On November 
11 Plots 3 and 4 were planted out. Germination was again 
very poor. It seems that “the only way to ensure a good stand 
is to sow seeds which have been harvested only a month or 
so previously. It appears that seeds [especially oily seeds] 
rapidly lose their viability in the Tropics, when stored for a 
longer period than this.”
 “In British Guiana Professor Dash has successfully 
prolonged the viability of Soya Bean seeds by conservation 
in cold storage.”
 Letter from Sonia Manjoo, Documentalist at CARDI 
(Caribbean Agricultural and Research Development 
Institute). 1996. June 20. This dissertation is housed in the 
West Indian Collection of the University of the West Indies, 
Library, St. Augustine Campus, Trinidad and Tobago. 
Address: St. Augustine, Trinidad.

889. Dorsett, P.H.; Morse, W.J. 1931. Morse in Tokyo, 
Japan. Dorsett in Peiping, China (Document part). In: 
P.H. Dorsett and W.J. Morse. 1928-1932. Agricultural 
Explorations in Japan, Chosen (Korea), Northeastern China, 
Taiwan (Formosa), Singapore, Java, Sumatra and Ceylon. 
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Washington, DC: Foreign Plant Introduction and Forage 
Crop Investigations, Bureau of Plant Industry, USDA. 8,818 
p. Unpublished log.
• Summary: Page 7127 (6 Feb. 1931, Tokyo). Morse’s 
notes: “Another Washington February day with snow added 
during the morning. We again worked on extracting data 
on soybeans from Japanese publications. We have found 
much valuable data on this crop in Japanese publications. It 
is evident that a large amount of very good soybean data is 
locked in Japanese publications of Manchuria and Japan.”
 Page 7128 (7 Feb. 1931, Peiping). Dorsett’s notes: “We 
worked on reports and offi cial correspondence. At 10:30 
a.m. Dorsett went to the dentist. At 11:00 he was at the bank 
getting a draft on N.Y. [New York] to pay for some seed.
 “We packed two parcels today. When things have 
been sewed up and addressed we will have six to go to the 
American Legation next Wednesday to be included in the 
diplomatic pouch for Washington.
 “It has been sunshiny and bright today but rather cold 
after tiffi n [a light lunch].
 We took a number of pictures to have mounted and then 
went to a stationery shop to get some supplies.
 “Between 4 and 5 o’clock we weighed and calipered 
four lots of persimmons, ten persimmons to the lot.”
 Page 7128 (7 Feb. 1931, Tokyo). Morse’s notes: “We 
received today from Mr. Aso of the bacteriology department 
of the Tokyo Imperial College of Agriculture the following 
material consisting of two tubes each of fi ve strains of pure 
culture of Astragalus sinicus and fi ve strains of pure culture 
of Soja max.”
 Two tables show how the tubes were numbered 
for shipment. Address: Agricultural Explorers, USDA, 
Washington, DC.

890. Mooers, C.A. 1931. The Tokio soybean. University of 
Tennessee Agricultural Experiment Station, Circular No. 35. 
4 p. Feb.
• Summary: Contents: Introduction. Comparison with 
other varieties. Early planting important. Rate of planting. 
Broadcast versus row planting. Depth of planting. 
Inoculation. Lime and fertilizer.
 Tables show: (1) Comparison of yields per acre of 
Tokio and some competing varieties of soybeans (Mammoth 
Yellow, Laredo, Biloxi, Otootan) at: Main Station, Knoxville; 
Middle Tennessee Station, Columbia; West Tennessee 
Station, Jackson. (2) Date of planting experiments with Tokio 
soybeans. (3) Results from rate-of-planting experiments with 
Tokio soybeans.
 “Tokio is hard to surpass in yield of either hay or seed as 
table 1 shows.” Tokio also surpasses the competing varieties 
in nearly every other quality. Address: Director of the 
Station, and agronomist.

891. Eaton, Scott V. 1931. Effects of variation in day-

length and clipping of plants on nodule development and 
growth of soy bean. Botanical Gazette 91(2):113-43. April. 
Contributions from the Hull Botanical Laboratory 412. [18 
ref]
• Summary: “Summary: The effects on growth and nodule 
development of the soy bean of varying certain factors that 
affect the amount of carbohydrate manufactured by the 
plants in the process of photosynthesis were studied. The 
factors varied were length of the exposure to light and the 
amount of photosynthetic tissue present, differences in the 
latter being secured by clipping the plants with different 
degrees of severity.
 “2. The amount of growth and nodule development was 
in direct proportion to the length of day and the degree of 
severity of the clipping.
 “3. Nodule development was correlated with percentage 
of carbohydrates, especially acid-hydrolyzable material, 
of the plants. This correlation was much greater for the 
tops than for the roots. It is suggested that part of the 
decrease in nodule development resulting from decrease 
in photosynthesis is due to a lack of carbohydrates for the 
nitrogen fi xation process...” Address: Hull Botanical Lab., 
Univ. of Chicago, Chicago, Illinois.

892. Pohlman, George Gordon. 1931. Changes produced 
in nitrogenous compounds by Rhizobium meliloti and 
Rhizobium japonicum. Soil Science 31(5):385-406. May. [11 
ref]
• Summary: “During the past few years there have been 
many investigations of the physiological activities of the 
legume bacteria in the attempt to gain a better understanding 
of their species relationships and nitrogen fi xing activities. 
Although much has been learned of the physiology of these 
organisms there are still many phases of their activity which 
need further study.”
 By studying “the physiological activities of the legume 
bacteria, one can gain a better understanding of their species 
relationships and nitrogen fi xing activities.”
 Tyrosine is used by the alfalfa and soybean root bacteria 
without liberation of ammonia.
 This is part of a thesis submitted in partial fulfi llment 
of the requirements of the degree of doctor of philosophy 
at Iowa State College. Address: Iowa State College of 
Agriculture and Mechanic Arts.

893. Colter, C.E. 1931. Soybeans win favor on farm: Ceres 
Essay Contest winner. Purdue Agriculturist (Indiana) 
25(9):183, 196. June.
• Summary: Discusses the use of the soybean as an 
emergency farm crop, in crop rotations, for soil improvement 
(the nodules fi x nitrogen in the soil), as green manure, as a 
forage for livestock, as a catch crop or cash crop, for hay or 
straw, and as a protein supplement. Address: Class of 1933.
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894. Kinney, C. 1931. The omnipotent bean. Canadian 
Geographical Journal 3(1):46-56. July.
• Summary: This is an excellent study, with many original 
photographs, of soya beans and soy products in Manchuria. 
The author, an American journalist, has been associated for 
some years with the South Manchuria Railway, and has made 
a study of economic conditions in Manchuria.
 Manchuria, a huge region of about 382,000 square 
miles, includes 3 of China’s wealthiest provinces: Mukden 
(Fengtien), Kirin, and Amur (Heilungkiang). Sometimes 
known as the “North-Eastern Provinces of China,” 
Manchuria is ruled by Chang Hsueh-liang, popularly known 
as the “Young Marshal.” He is progressive and wants to see 
the 3 provinces developed.
 The original soya bean “producing centres are said to 
be Cochin China and Java. The beans were fi rst grown in 
China Proper about 4,000 years ago and were used locally 
to feed the natives and animals. To-day the chief zones are 
Manchuria, China, Japan and Korea, but the amount of soya 
beans produced in Manchuria alone is much greater than the 
product of the three other countries combined.”
 After the Russo-Japanese was (1904-05), victorious 
Japan, through the Portsmouth Treaty, became the lessee of 
the Kwantung Leased Territory (1,337 square miles), the 
southernmost point of Manchuria. It contained the greater 
part of the southern branch of the Chinese Eastern Railway, 
which is now known as the South Manchuria Railway. Note: 
The key ports of Dairen (Dalian) and Port Arthur (Lüshun) 
are in this Leased Territory.
 In about 1905 the last remnants of the Chinese ban 
on immigration of Chinese into Manchuria were removed. 
Few came, however, until the early 1920s, “when warfare 
broke out on a large scale in China proper, and hundreds of 
thousands of Chinese fl ed from the famine, war-stricken and 
bandit infested areas of that country into the peaceful and 
undeveloped, yet fertile provinces of the Manchus.” Today 
it is said that about 70% of Manchuria’s population are 
working directly or indirectly on cultivation of soya beans. 
“There is no doubt in the minds of all that were it not for the 
soya bean, Manchuria would be an insignifi cant country.”
 The origin of soya bean cultivation in Manchuria is 
unclear, although most agricultural experts believe the soya 
beans were brought from districts of Central China. The 
question as to why they thrive in Manchuria, while in other 
parts of the world with similar climatic conditions, they fail 
to give good results, has never been fully answered.
 European and U.S. buyers of Manchurian soya beans 
have long complained that they are not properly cleaned or 
graded. Soil, poor quality beans, and even large stones have 
been found mixed with Grade One beans. This problem 
must be fi xed quickly if Manchurian dealers expect to 
continue to sell their beans to Occidental countries. In 1930 
an association was formed, with inspectors placed at major 
centers to see that soya beans are graded correctly.

 Genetic improvement of Manchurian soya beans 
began shortly after 1905 when the Japanese established 
the Agricultural and Experimental Station at Kungchuling. 
Soon Japanese scientists developed a larger soya bean with 
a much higher oil content. It was widely planted by farmers 
and prices rose accordingly. The Russians, followed by the 
Chinese, have founded several soya bean and agricultural 
stations, where material and advice can be obtained by local 
farmers. The Central Laboratory of the South Manchuria 
Railway Co. at Dairen is a leading scientifi c institution for 
studying soya beans; it has discovered many new uses for 
the beans, and developed a process for extracting the oil 
using alcohol as a solvent. The uses of the soya bean, its oil 
(“bean oil”) and its cake (“bean cake”) are discussed, as is its 
composition.
 In Manchuria today there are 465 soya bean mills for 
extracting the oil and making bean cakes. They are located 
as follows: In Dairen 59, Yingkou 22, Antung 21, and Harbin 
46. Along the South Manchuria Railway Line 252. Along 
the Chinese Eastern Railway Line 28. Along the Ssupingkai- 
Taonan- Anganchi Line 37.
 “The latest statistics gathered by the South Manchuria 
Railway Co. for the year 1929 show that:–10,065,370 acres 
of land in Manchuria were planted to soya beans; 5,320,555 
tons of soya bean were produced... 3,087,320 tons of soya 
beans, 133,854 tons of soya bean oil, and 1,568,552 tons of 
soya bean cakes were exported during 1929.”
 As “soon as the business depression that is sweeping the 
entire world is over,” soya beans are expected by experts to 
be in great demand in Europe and America.
 The captions to the various photos read as follows: “(1) 
An aerial view of the Port of Dairen, showing many ships 
at anchor awaiting their turn for berth space. The city of 
Dairen is in the background. (2) Soya beans in [osier] bins 
[12-15 feet high and cylindrical in form] at Kaiyuang, one 
of the produce centers of Manchuria. Many native carts 
carrying bags of soya beans are shown among the bins. (3) 
Bags of soya beans are brought on carts from the interior 
to the railway stations or marketing places. Due to bandits, 
Chinese guards are hired [one is shown standing on the 
cart with a rifl e] to protect the beans from being stolen. 
(4) Coolies carrying bean cakes [that look like cartwheels 
about 2 feet in diameter and 3 inches thick, in high stacks] 
from the South Manchuria Railway Company warehouse to 
the freight steamers. (5) Open storage for soya beans near 
Dairen wharves [in shapes like houses, each covered with a 
tarpaulin]. During the busy season, beans are brought down 
from the interior in large quantities, and are placed in the 
open storage to await shipment. (6) Interior of a soya bean 
mill. Presses, or oil compressors, crush the beans, which 
have fi rst been heated, and oil is extracted. The crude oil is 
pumped into a large vat where the impurities are removed. 
[The resulting cakes look like cartwheels] (7) Dumping soya 
beans into [osier] mat bins, North Manchuria. (8) Due to 
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civil warfare, bandits, high taxation and famine, hundreds of 
thousands of Chinese immigrants have migrated to peaceful 
Manchuria. Most of the newcomers are farmers and the 
majority of them cultivate soya beans. (9) A section of the 
Kungchuling Agricultural Experimental Station, the largest 
in Manchuria. For years this organization has experimented 
on the bean and has succeeded in giving the world a larger 
and better oil producing bean. This station was established 
and is still fi nanced by the South Manchuria Railway 
Company, for the betterment of agricultural products in 
Manchuria. (10) Primitive method of sorting soya beans 
[they are fl ailed on mats in a courtyard]. (11) Oil tanks [and 
barrels] where soya bean oil is placed prior to shipment. 
Over 133,000 tons of oil are manufactured annually by the 
various bean oil mills in Manchuria. (12) Hoisting bags 
of soya beans from Dairen wharves into the holds of the 
ships. (13) Soya beans in open storage, awaiting shipment at 
Ssupingkai station, one of the produce centres in Manchuria. 
(14) Modern railway tank cars bring bean oil to the wharves 
where it is deposited into large sea-going oil tankers. (15) 
Unloading soya beans [from railroad fl atcars] at Dairen 
wharves. The bags of beans are brought from the interior 
of Manchuria to Dairen, the largest port in Manchuria, the 
beans are then transported by steamers to various parts of the 
world.” Address: American journalist.

895. Gutschy, L. 1931. Résultats obtenus dans la culture du 
soja avec ou sans infection artifi cielle [Results obtained in 
soybean cultivation with or without artifi cial inoculation]. 
Annales Agronomiques 1(4):536-48. July/Aug. Summarized 
by J. Trochain in Revue de Botanique Appliquee, 1931, p. 
1003-05. [2 ref. Fre]
• Summary: The article begins: Last year, I undertook, on 
the test fi eld of the Faculty of Agronomy of the University 
of Zagreb (Yugoslavia), at Maksimir, experiments on the 
cultivation of soybeans, as follows: (1) To observe the 
difference between inoculated and non-inoculated soybean 
plants. (2) To determine the infl uence of mineral fertilizers 
on the culture and growth of the plants. A large map (p. 537) 
shows the layout of the fi eld and experiment, divided into 24 
plots.
 To summarize, the inoculated soybean plants appear 
stronger and more developed than that plants that were 
not inoculated. The inoculated plants give a much more 
abundant harvest than the uninoculated plants. The albumin 
[protein] and fat content is much greater in inoculated 
plants than in control plants. The plants inoculated with 
the inoculant Radicicola do not present the characteristic 
nodules. Nevertheless their growth and the weight of their 
harvest exceeds those of the non-inoculated plants. On the 
contrary, the content of albumin and the volume of the seeds 
of these plants are smaller than those of the non-inoculated 
plants. The cause of this phenomenon is not as yet clear, but 
it presents some resemblance to what is happening to the 

humutogenic peat of Bottomly (1) and of Mockeridge (2). 
Our research will be continued.
 The title of the summary in French is La culture du 
Soja infecté en Yougoslavie (p. 1003-1005). Address: Prof., 
Faculty of Agronomy, Univ. of Zagreb., Yugoslavia.

896. Hoover, M.M.; McIlvaine, T.C.; Garber, R.J. 1931. 
Soybean culture and varieties. West Virginia Agricultural 
Experiment Station, Bulletin No. 243. 16 p. Sept.
• Summary: Contents: Introduction. Commercial 
importance: Hay, green manure, crop rotation, seed. Lime 
and fertilizers. Soil and climatic conditions. Inoculation: Soil 
method, pure-culture method. Time and method of seeding. 
Soybean hay mixtures. Methods used in experiments [for 
testing varieties]. Experiments at the agronomy farm [with 
35 soybean varieties and pure-line selections]. Experiments 
at the Lakin experiment farm. Description of varieties [which 
produced high average yields of seed and hay]: Haberlandt, 
Peking, Wilson, Peking selection I-21-7, Hamilton, 
Sherwood, Virginia.
 Table 1 shows “Yield in bushels per acre and days to 
mature of soybean varieties grown on the agronomy farm” 
from 1921 to 1930, with average yield for 1921-30 and for 
1925-30. The varieties are: Haberlandt, U.S. 369002, U.S. 
30745, Manchu, Wilson, Ohio 9016, Hamilton, Wilson 
(Check), Peking Sel. I-21-8, Peking Sel. I-21-7, Wilson Sel. 
I-21-9, Virginia, Black Eyebrow, Medium Green, Peking Sel. 
I-21-5, Aksarben, Mikado, Elton, Peking, Morse, Hoosier, 
Dixie, Merko, Ebony, Lexington, Austin, Hollybrook, 
Wilson-Five, Columbia, Midwest, Hahto, Chiquita, 
Haberlandt 38, Laredo, Mammoth.
 Table 2 shows “Yield in tons of air-dry hay per acre, 
with height and days to mature of soybean varieties grown 
on the agronomy farm” from 1921 to 1930, with average 
yield for 1921-30 and for 1925-30. The varieties are the same 
as in Table 1. Address: Morgantown, WV.

897. Albrecht, W.A.; Allison, W.H. 1931. Changes in 
composition of soybeans toward maturity as related to their 
use as a green manure. Soil Science 32(10):271-82. Oct. [6 
ref]
• Summary: The effi ciency of soy bean as a green manuring 
crop depends to a large extent on the stage of growth 
attained. The percentage of total nitrogen and easily 
nitrifi able and water-soluble constituents decreased with 
age. The proportion of alkali-soluble constituents (slowly 
decomposable) increased rapidly in the later stages of 
growth. The nitrogen content of this fraction, especially 
of the alkali-soluble lignin, decreased with age. Reducing 
sugars, cellulose, and pentosans increased with maturity. 
The percentage of total lignin increased rapidly in both roots 
and tops. The narrow pentosan:lignin ratio indicated low 
decomposability, especially in the roots. The carbon:nitrogen 
ratio of the crop is suffi ciently wide to involve the risk of a 
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nitrogen defi ciency in crops following green manuring with 
soy bean.
 Note: This is the earliest document seen (Oct. 2012) 
that contains the word “lignin.” Webster’s Dictionary defi nes 
lignin, a term fi rst used in 1822, as “an amorphous polymeric 
substance related to cellulose that together with cellulose 
forms the woody cell walls of plants and the cementing 
material between them.” Lignin is a polymer made of six-
member carbon-hydrogen rings. Address: Univ. of Missouri, 
Columbia, MO.

898. Andrews, A.E. 1931. Tells of fi rst soy-bean tests. 
Indiana Farmers’ Guide (Huntington, Indiana) 87(43):18. 
Dec. 1.
• Summary: The story of soy beans in Hendricks country, 
Indiana, goes back to the Civil War. Near the battlefi eld 
of Franklin, Tennessee, Adrian A. Parsons, a young man 
of high-school age with the Union cavalry, was wounded 
when a bullet entered his right side and clipped a piece from 
his spine. Taken to a log house and left to die, he made a 
miraculous recovery, but never became robust and rugged 
again. “Though a farmer, much of his time was devoted to 
the lighter tasks, to his garden, study and experiment.
 “Forty-fi ve years ago [i.e., in 1886], Parsons sent to 
Japan for soy-bean seed. For years he raised soys in his 
garden, and the sons of the family, Norman, William, 
Chester, Lester and Bert, can recall those early experiments 
and the derision of men who thought him visionary. The 
United States Department of Agriculture for a long time kept 
in touch with Mr. Parsons.
 “Mammoth Yellow soys were obtained and, after 
much thought and detailed work, a strain of this bean was 
acclimated to Hendricks county. Later Ito Sans were used for 
the farm crops. A strain fi nally was developed by Mr. Parsons 
known as the Mikado, and these beans were sold in Iowa and 
Ohio through seed houses.
 “Many years ago Mr. Parsons recognized the soy 
bean as an excellent hay plant. He also found it a good soil 
builder, and practiced the theory of inoculation while most 
men scoffed at it.”
 “Soy beans were a joke in former years, but they are no 
joke in Hendricks county to-day, with the acreage devoted to 
them larger than the area sowed to wheat...”
 “Mr. Parsons was like many a man of the best and most 
practical intentions–he was criticized by those who did not 
fully understand him; but to-day his county follows the path 
he blazed; and who can measure his infl uence on the nation’s 
agriculture?”

899. Gutschy, Ljudevit. 1931. Rezultati poljskih pokusa 
cijepljenom i necijepljenom sojom [The results of Polish 
experiments with inoculated and uninoculated soybeans]. 
Glasnik Ministarstvo Poljoprivrede (The Bulletin of the 
Ministry of Agriculture) 9(35):84-99. [Ser]*

Address: Yugoslavia.

900. Gutschy, Ljudevit. 1931. Znacenje cvorastih bakterija 
za soju [The importance of nitrogen-fi xing bacteria for 
soybeans]. Gospodarski List (Farmer’s Newspaper, Zagreb, 
Croatia) 90(4):51-2. [Scr]*
Address: Yugoslavia.

901. Hromadko, J.; Fort, J. 1931. [How does the inoculation 
of soybean express itself? (Abstract)]. Hospodarsky Obzor 
(Perspectives of Economy) 4:248. [Slk]*
Address: Czechoslovakia.

902. Hromadko, Jar.; Fort, J. 1931. Jak se projevuje ucinek 
ockovani u soje [What is the effect of inoculation on 
soybeans?]. Hospodrsky Obzor (Perspectives of Economy) 
4:232. [Cze]*
• Summary: Discusses investigations conducted in 1929 at 
the experiment station in Raudnitz on the Elbe. Inoculation 
with Radicin (J. Schmidt in Westerrade) and also with 
inoculated soil from Raudnitz showed a positive effect on 
soybeans, increasing growth and yields (from 50-65%). 
Protein content also rose. The station recommended that 
soybean farmers use Radicin.
 Note: This is the earliest document seen (Oct. 2018) 
that mentions Radicin, for inoculating soybeans. Address: 
Czechoslovakia.

903. Wilson, J.K. 1931. Relative numbers of two species of 
Rhizobium in soils. J. of Agricultural Research 43(3):261-
66. Aug. 1. [5 ref]*
• Summary: “Evidence that such is the case with respect to 
Rhizobium trifolii as compared with R. leguminosarum has 
already been presented (2); a study of the relative numbers 
throughout the season of the two species in samples of 
Dunkirk silty clay loam under different fertilizer treatments 
showed that the ratio of the former to the latter species 
varied between 1.33:1 and 5:1. Further evidence that R. 
trifolii is generally more numerous than R. leguminosarum is 
presented in this paper.”
 “This difference in the capacity of soils to maintain 
the population of one organism at a higher level than that 
of another of the same genus does not seem to be related to 
soil reaction, to moisture content, or to seasonal variation. 
There were some indications that it might be associated 
with the type of inorganic salts present in the soil.” Address: 
Prof. of Soil Technology, New York (Cornell) Agricultural 
Experiment Station.

904. Funk Bros. Seed Co. 1931. Catalog. Bloomington, 
Illinois. See p. 23, 32.
• Summary: Page 31 states: “We carry a very complete line 
of varieties adapted to Central West conditions. Write us 
concerning your needs.” No specifi c varieties are listed. How 
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the company does sell “Funk’s soy bean hay mixture” which 
“Makes a sure shot hay crop and meets the demand for 
high quality hay... The hay mixture is made of hay varieties 
such as Ebony, Virginia, and Wilson, with suffi cient early 
maturing yellow varieties to permit cutting so that a proper 
balance of leaves and grain are obtained.” Funk advises: 
“Inoculate all legumes. We carry a complete line of legume 
inoculation. Many new cultures have recently been put on 
the market... Jelly cultures, moist cultures, dry cultures. We 
have them all.” Photos show: (1) “A part of hundreds of 
acres of Soy Beans grown in rows on the Funk Farms. The 
row method saves seed and permits better weed control. 
Experiment Station data show the rowed beans to be higher 
yielding.” (2) “Soy Bean hay cocked for curing. High quality 
legume hay on short notice.”
 On page 32 is an analysis of soy bean oil meal, and 
the percentage digestibility of the protein, fat, nitrogen free 
extract, and crude fi ber. This meal “is manufactured from a 
home-grown product. It has been used successfully with all 
classes of live stock. Excellent results have been obtained. 
Write us for special descriptive booklet.”
 An ad reads: “Ask for Soy bean oil meal–Illini brand. 
Manufactured by Funk Bros. Seed Co., Soy bean oil mills, at 
Bloomington & Taylorville, Illinois.” Address: Bloomington, 
Illinois.

905. Mumford, H.W. 1931. A year’s progress in solving 
some farm problems of Illinois. Illinois Agricultural 
Experiment Station, Annual Report 44:1-304. For the year 
ended June 30, 1931.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crops (p. 13-77): Dependable 
forage mixtures will solve hay problem (p. 40). Soybean 
varieties differ widely in yield factors (p. 42-43). New 
facts fortify state’s lead in soybean growing (p. 43-45). 
Nodule bacteria die fast after applied to soybeans (p. 45-46). 
Handiest legume inoculants may not be the best ones (p. 
46-47). Residual effect of soybean inoculation is variable 
(p. 47-48). Livestock investigations: Soybean hay makes 
excellent hay for bred ewes (p. 99). Dairy investigations: 
Soybeans best cut for hay when pods are well fi lled (p. 126-
28). Milk-fl avor studies still suspended (p. 128-29). Farm 
management investigations: Good yields during drouth 
make soybeans more profi table (p. 169-70). Agricultural 
economics investigations: Decline in prices of soybeans has 
about run course (p. 181-85). Farm mechanics investigations: 
Tests supply hints for lowering harvesting losses (p. 210-
11). Farm mechanics investigations: Artifi cial drying lowers 
disease infestation on corn (p. 215-217; “Two samples of 
alfalfa, one sample of soybean plants, and one of soybean 
stems were crushed between rollers and dried under 
controlled conditions of 90ºF and 32% relative humidity.” 
Table 58 show the “Effect of crushing on speed of drying.” 
For each pair of samples gives: Original moisture content, 

fi nal moisture content, and drying time). Address: Dean and 
Director of the Station, Urbana, Illinois.

906. Waksman, Selman A.; Starkey, Robert L. 1931. The 
soil and the microbe: an introduction to the study of the 
microscopic population of the soil and its rôle in soil 
processes and plant growth. New York, NY: John Wiley and 
Sons. xi + 260 p. Illust. Index. 24 cm. [8 soy ref]
• Summary: Soy is not mentioned in the index of this book 
although it is mentioned on 8 pages: p. 118 (a fi gure shows 
nodules of cowpeas, soybeans, and lima beans), p. 120 
(soybean is listed as its own cross-inoculation group), p. 122 
(Fig. 59, a bar chart, shows “The relation between soil and 
atmospheric nitrogen obtained by soybeans growing on soil 
variously treated with sodium nitrate (from Giobel).” Nitrate 
in the soil has a depressing effect on nitrate fi xation from the 
air), p. 123 (table 27 shows “Amounts of nitrogen fi xed by 
various legumes, in pounds per acre (from Giobel). Soybeans 
fi xed 57-106 lb.), p. 125 (Table 28 shows “Critical reaction 
(pH) for the soil bacteria of some legumes (from Fred). 
Soybeans are pH 4.0), p. 132 (Table 30 shows “Ammonia 
formation from decomposition of various substances (from 
Lipman). For soybean-meal, the “nitrogen contained in the 
added organic matter” is 245.6 mgm, and the “ammonia 
formed in 7 days” is 132.43 mgm),
 p. 186 (Table 45 gives “The infl uence of plant 
development upon formation of carbon dioxide from the 
organic matter contained in the soil previous to planting” 
(from Neller). Four rows are devoted to soybeans: Under 
“Carbon dioxide from the soil (mgm),”
 (1) Planted soil: 2,093.4. Unplanted soil: 1,727.0. 
Increase due to planting: 356.4. Per cent increase due to 
planting: 20.5.
 (2) Planted soil: 2,128.2. Unplanted soil: 1,281.8. 
Increase due to planting: 846.4. Per cent increase due to 
planting: 66.0.
 (3) Planted soil: 4,7953.2. Unplanted soil: 2,320.7. 
Increase due to planting: 2,474,5. Per cent increase due to 
planting: 106.6.
 (4) Planted soil: 2,403.6. Unplanted soil: 1,196.8. 
Increase due to planting: 1,302.1. Per cent increase due to 
planting: 108.8.
 p. 230 (Fig. 82 (photo) shows “Effect of inoculation 
upon growth of legumes. Left to right–Soybeans, ten plants 
from an uninoculated plot, ten plants from an inoculated plot. 
The inoculated plants are about 40% taller and fuller. (From 
Fred, Whiting and Hastings)).
 “When various leguminous plants are grown upon soil 
in which the particular plants have never grown before, it is 
essential to inoculate the soil with the specifi c types of the 
nodule-forming bacteria, if a proper crop is to be secured 
and the best use made of the particular plant on the given 
soil (Fig. 82). This is especially true in the case of plants like 
alfalfa soybeans, and cowpeas, when introduced into regions 
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in which these plants have never grown before”).
 Many investigators have studied the infl uence of the 
carbon-nitrogen ratio on microbiological decomposition in 
soils. Address: 1. Prof. of Soil Microbiology; 2. Asst. Prof. of 
Soil Microbiology. Both: Rutgers Univ., New Jersey.

907. Wallaces’ Farmer. 1932. Getting ready for soys: 
Contest letters suggest using crop to replace clover failures. 
57(2):222. April 16.
• Summary: A summary of the best ideas from the 
magazine’s recent Soybean Letter Contest. Prepare the 
seedbed, so that weeds are kept down until the soybean 
plants are off to a safe start. It is recognized that soybeans to 
not rank with clover or alfalfa as a soil-building crop. Plant 
soybeans after the middle of May. The most popular general-
purpose varieties in the latitude of Iowa seem to be Manchu, 
Illini, and Dunfi eld. Peking as been widely grown for hay 
and silage.
 A photo shows a horizontally mounted wooden 
drum, into which a man is pouring a sack of soybeans. 
“A convenient device for thoroly mixing soybeans with 
inoculating material.”

908. Hoard’s Dairyman. 1932. Seeding soy beans: If you 
need to plug up the weak places in this year’s hay supply, try 
soy beans. This article explains to you how and when and 
what to do. 77(8):220. April 25.
• Summary: An excellent overview and summary of how to 
grow soy beans for the beginner. “An increasing number of 
dairy farmers are fi nding soy beans a valuable emergency 
hay crop for dairy cows.” For a farmer growing soy beans 
for the fi rst time, the most important questions are: (1) What 
variety is best suited to a particular location? (2) How much 
seed to plant per acre? (3) How to plant the seed. (4) What 
kind of seed bed? (5) When to plant? (6) Inoculation of the 
seed. (7) Weed control. (8) When and how to cut for hay.
 “In Iowa the best seed yielding varieties are Manchu, 
Black Eyebrow, Habaro, and Soysota. The best hay varieties 
are Morse, Wilson, Peking, and Virginia. (These cannot be 
depended on to mature seed every year.) The best varieties 
in corn for hogging down are Manchu, Midwest, Black 
Eyebrow, Soysota, and Habaro. In corn for silage the 
recommended varieties are Peking, Midwest, Manchu, and 
Black Eyebrow.
 “These same varieties are dependable in Illinois, 
Indiana, and Ohio except that in Illinois the Illini and in 
Indiana the Dunfi eld are two of the best seed yielding 
varieties. In Minnesota the Manchu, Habaro, and Chestnut 
varieties are recommended for both seed and hay in the 
southern and south central parts of the state. Minsoy is a 
high yielding seed variety in Central Minnesota but is too 
short for hay. Farther north the Wisconsin Black and Minsoy 
varieties should be used.”
 Photos show: (1) A farmer in a fi eld holding up a bunch 

of soy bean plants with a pitchfork. (2) A man standing 
behind two white horses pulling an implement [probably a 
harrow or weeder] for weed control.
 A table shows the number of seeds per pound and the 
number of pounds of seed to plant per acre for the following 
varieties: A.K., Black Eyebrow, Chestnut, Columbia, 
Dunfi eld, Early Brown, Ebony, Elton, Habaro, Haberlandt, 
Ito San, Jet, Manchu, Mandarin, Medium Green, Midwest, 
Mikado, Morse, Peking, Virginia, Wilson, Wilson-fi ve 
[Wilson-Five], Wisconsin Black.

909. Rewald, Bruno; Riede, W. 1932. Knoellchenbakterien 
und Phosphatidbildung bei Soja hispida [Nodule bacteria and 
production of phosphatides in Soja hispida]. Biochemische 
Zeitschrift 247(4-6):424-28. April 27. [Ger]
• Summary: The phosphatide and oil contents of soya beans 
and plants are not affected at any stage of growth by the 
presence or absence of nodule bacteria, although these cause 
increase in the protein content. Address: 1. Hamburg; 2. 
Bonn-Poppelsdorf. Both: Germany.

910. Squirrell, W.J.; Laughland, J. 1932. Soybeans in 
Ontario. Ontario Department of Agriculture, Bulletin No. 
366. 16 p. April.
• Summary: Contents: Origin and importance. Description. 
Composition. Climatic adaptation. Rotation. Soil and 
soil preparation. Manures and fertilizers. Varieties. Seed 
selection. Inoculation. Harvesting. Threshing. Uses of 
the crop: Hay, as a soiling crop, ensilage, pasture, soil 
improvement, ripe seed, straw, soybean oil, meal, other 
products. What farmers think of soybeans (Extracts from 
reports by 21 men who have grown and fed the crop from 
the following places (mostly counties): Durham, Dundas, 
Brant, Elgin, Frontenac, Grenville, Halton, Hastings, Kent, 
Lambton, Middlesex, Oxford, Perth, Simcoe, Welland, 
Wellington).
 “Soybeans were fi rst tested in the experimental plots at 
the Ontario Agricultural College in 1893 and fi rst distributed 
for co-operative tests from the College to farmers in 1901.”
 “More than one hundred varieties of soybean have 
been tested for fodder and grain production by the Field 
Husbandry Department of the Ontario Agricultural College. 
Some of these varieties matured suffi ciently early to be 
successfully grown in Ontario. Many, however, are too late 
for the climatic conditions of the Province and do not even 
reach the best fodder conditions before the arrival of killing 
frost.”
 Two tables (p. 6-7) show the average results for 6 
years in testing 21 varieties of soybeans for fodder and for 
grain by the Department of Field Husbandry at the Ontario 
Agricultural College. In each table the varieties are sorted 
by descending yield of green fodder or grain [seed]. The 
varieties are: O.A.C. No. 211, Habaro No. 20405 (Wash. 
[Washington, DC]), Ito San Soja, Black Eyebrow (Jeffrey), 
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North’s, Minnesota No. 167 (Minnesota Exp. Station), 
Manchu, Early Yellow (O.A.C. No. 111), Elton, Medium 
Green (O.A.C.), Mandarin, Chestnut, Tsurunoko, Oyaji, 
Shiro Kotsubu, Early Yellow, Black Ontario, Quebec No. 
92, Black Manchurian (Jeffrey), Brown, Ogema. For fodder, 
the “O.A.C. No. 211, which stands fi rst with an average 
yield of 10.16 tons of green fodder per acre for the 6-year 
period, is a plant selected strain, developed by the Ontario 
Agricultural College, from the Habaro variety and is the 
only variety of soybeans eligible for registration in Canada.” 
The plants were cut on Sept. 7. For grain/seed production 
Black Ontario has the highest average yield over the 6 years 
at 28.47 bushels/acre, followed by North’s (28.42), O.A.C. 
No. 211 (27.73), and Black Manchurian (Jeffrey; 27.12). The 
plants were cut for harvest between Sept. 23 and Oct. 9. The 
Black Ontario was received from a grower in the Manitoulin 
Island in 1924. It produces small, black grain and straw of 
medium length. “The O.A.C. No. 211 has proven to be the 
best general purpose soybean tested at the College.”
 “Soil improvement: The soybean like clovers and other 
legumes is able by means of bacteria on the roots to gather 
nitrogen from the air and leave it in the soil for the benefi t of 
crops that follow. It must be remembered, however, that the 
best results can only be obtained when the soybeans are well 
inoculated and some part of the plants left on the land. After 
a seed crop of soybeans there is considerable organic matter 
in the way of leaves and stubble to be turned under.”
 Soybean oil “is used in the manufacture of soaps, paints, 
rubber substitutes, printers ink and other articles. It is also 
used as a salad oil and as a substitute for butter and lard.”
 “In China and Japan soybeans are used in many ways as 
human food. The green pods, dried seed cakes, soy sauce and 
soybean milk, all have their place. In America soybean fl our 
is made into cakes, biscuits, muffi ns, and being low in starch 
it has a special place as a diabetic food.”
 The article contains 11 photos, including one of 2 horses 
pulling a rotary hoe, and fi elds of soybeans growing in Peel, 
Welland, Dundas, Kent, Middlesex, and Lincoln counties. 
Address: Dep. of Field Husbandry, Ontario Agricultural 
College, Guelph.

911. Krauss, F.G. 1932. Soybeans, their culture and uses in 
Hawaii. Hawaii Agricultural College, Extension Service, 
Agricultural Notes No. 24. 4 p. June 21.
• Summary: Contents: Introduction. Cultural methods. 
Fertilization. Inoculation. Time to plant. Distances to plant 
and rate of seeding. Varieties. Harvesting. Soy beans for soil 
improvement.
 “The soy bean is destined to become an important 
supplementary crop in Hawaii’s increasingly diversifi ed 
agriculture.” “As human food, the soy bean may be cooked 
either green or dried like snap or shell beans, and as such 
offer possibilities for canning commercially. The mature 
seeds are also ground into culinary meals and bolted for 

fl our. The Orientals utilize vast quantities of soy beans for 
the manufacture of a number of nutritious and highly-priced 
foodstuffs, including the well-known tofu, miso, and soy 
sauce. The Japanese of Hawaii import about $70,000 worth 
of the beans annually from Japan for the above purposes, 
the manufacture of which could be greatly extended if the 
soy bean were grown locally. A considerable amount of 
soy bean cake meal is also imported for poultry and dairy 
stock feeding. It is estimated that Hawaii could consume 
to advantage at least a half million dollars worth of soy 
bean products annually if the crop were grown extensively 
enough.”

912. Fred, Edwin Broun; Baldwin, Ira Lawrence; McCoy, 
Elizabeth. 1932. The root-nodule bacteria and leguminous 
plants. University of Wisconsin Studies No. 52, Science No. 
5. xii + 343 p. Supplement: 1939 available in full-view at 
HathiTrust. [975+ ref]
• Summary: “This work summarized published research 
in biological nitrogen fi xation from approximately 1576 
through 1930. A pioneering effort that brought together 
years of source material from English, German, French, 
Italian, Dutch, and the Scandinavian languages, Root Nodule 
Bacteria and Leguminous Plants was a thorough and critical 
examination that not only synthesized research fi ndings in 
light of then-current knowledge, but also suggested areas 
where new research was needed” (Univ. of Wisconsin library 
website; https://uwdc.library.wisc.edu/collections/histscitech/
rootnodule/ ).
 Contents: [Frontispiece]. Dedicated to William Harmon 
Wright, 1885-1929. [Epigraph]. Contents. List of plates. 
List of charts. Preface. 1: The history of the leguminosae 
in agriculture. 2: General description of the leguminosae, 
their distribution and importance. 3: The occurrence of 
root nodules. 4: The isolation and study of the root nodule 
bacteria. 5: The morphology and life cycle of the root nodule 
bacteria. 6: Cultural and biochemical characteristics of the 
root nodule bacteria. 7: Some factors which infl uence the 
growth and longevity of the root nodule bacteria. 8: Species 
relationships. 9: The formation of nodules, their histology 
and cytology. 10: Relationship between leguminous plants 
and bacteria. 11: Factors that infl uence nodule production. 
12: Economic importance of leguminous crops. 13: Natural 
and artifi cial inoculation. Appendix. Bibliography (p. 270-
336).
 In their book More Landmarks of Biochemistry (1998) 
Ord and Stocken of Oxford University say of this work: 
“Research on BNF [Biological Nitrogen Fixation] almost 
ceased during the fi rst World War and, even before 1914, its 
focus had shifted from Europe to America. All movements 
have their scriptures: for BNF the Old Testament was Fred, 
Baldwin and McCoy’s ‘The Root Nodule Bacteria and 
Leguminous Plants’ (1932) and the New Testament, P.W. 
Wilson’s ‘The Biochemistry of Symbiotic Nitrogen Fixation’ 
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(1940) both published by the University of Wisconsin Press 
in Madison.”
 Willems (2006, p. 3) says of this work: “Extensive 
testing of nodulation of diverse legume hosts by different 
bacteria in the beginning of the 20th century, led to the 
establishment of cross-inoculation groups, with rhizobia 
from one plant in a cross-inoculation group supposed to 
nodulate all other plants in the group (Fred et al. 1932). This 
concept was also used in rhizobial taxonomy, but later it 
was abandoned as an unreliable taxonomic marker (Graham, 
1964; Wilson 1944).”
 Note: This is the earliest English-language document 
seen (Aug. 2018) that uses the word “rhizobia” in connection 
with rood nodule bacteria on soybeans. Address: Univ. of 
Wisconsin, Madison.

913. Robertson, D.W.; Kezer, A.; Deming, G.W. 1932. 
Soybeans under irrigation in Colorado. Colorado 
Agricultural Experiment Station, Bulletin No. 392. 24 p. 
July. [4 ref]
• Summary: Contents: Introduction. Historical. Climatic 
requirements. Soybeans under irrigation. Preparation of 
seedbed. Method of seeding. Rate of seeding. Date of 
seeding. Irrigation. Inoculation of seed. Stage to harvest 
soybeans. Harvesting methods. Experimental results at Fort 
Collins (variety tests 1923-1926).
 Historical: “In Colorado, soybeans were not extensively 
grown until about 1923 and for several years after that date. 
Due to the fact that other crops furnished protein feeds, their 
use on irrigated land has not increased.
 “From tests conducted at Fort Collins, Colorado, it was 
found that good yields of soybeans could be obtained under 
irrigation. The following varieties gave the highest yields: 
Yellow-seeded varieties–Minsoy, Wea, Saskatoon. Dark-
seeded varieties–Soysota and Black Eyebrow. The highest-
yielding variety was Soysota, a brown-seeded bean. The best 
date to plant soybeans proved to be late April or early May. 
Twenty-inch rows gave the highest yield of grain per acre.”
 Table 1 (p. 8-9) shows: The following varieties were 
tested for yield in Colorado, most during the 4 years from 
1923 to 1926. Yellow seeded (in descending order of yield): 
Wea, Minsoy, Saskatoon, Manchu, Pinpu, Elton Sel., A.K., 
Ito San, Mandarin, Elton, Habaro, Early Yellow, Dunfi eld, 
Midwest, Aksarben. Dark-seeded varieties: Soysota, Black 
Eyebrow, Early Brown, Chestnut, Wisconsin Black. Wea 
(F.C. No. 1017) gave the best average yields of any yellow-
seeded variety grown at Fort Collins from 1923-1926. The 
average yield of Wea during this period was 25.3 bushels/
acre. Range: 23.2 to 28.2.

914. Kornfeld, Arnold. 1932. Ein Beitrag zur 
Sojabohnenimpfung [A contribution to soybean inoculation]. 
Fortschritte der Landwirtschaft 7(18):461-65. Sept. 15. [6 
ref. Ger]

• Summary: The author is a teacher of specialized subjects 
and the leader of this research organization. For 20 years 
[i.e., since 1912] the research farm at the Siebenbürgisch-
Sächsischen agricultural teaching center in Mediasch 
(Medias), Romania, has successfully cultivated soybeans, 
and the crop has never failed even once. This is because 
the climate of Manchuria–the main homeland of the 
soybean–has great similarity with that of the Siebenbürgisch 
wineland in its temperature and precipitation. In this trial, the 
soybeans were planted in April 1931. Address: Fachlehrer, 
Leiter des Versuchswesens, Aus der Versuchswirtschaft 
der Siebenbuergisch-Saechsischen landwirtschaftlichen 
Lehranstalt zu Mediasch (Medias), Romania.

915. González, A. de J. 1932. Cultivo y utilizacion de la soya 
como forraje [Cultivation and use of the soybean as forage]. 
Revista de Agricultura, Comercio y Trabajo (Cuba) 14(3):5-
42. Sept. [12 ref. Spa]
• Summary: Contents: General considerations. Agricultural 
history of the uses of soya. Botanical characters. Varieties. 
The soil and its preparation. Legume bacteria. Inoculation. 
Importance of calcium. Planting soya. Fertilizers. Diseases 
and insects (lists many names in Spanish). Other pests. Yield. 
Threshing and warehouse rent. Soya and Sudan grass. Soya 
and chicharo de vaca. Utilization of the green forage. Making 
hay. Silage. Use of the seeds. Food for milk cows. Food for 
beef cattle. Food for hogs. Food for horses and mules. Food 
for barnyard fowl. Balanced rations. Chemical composition 
and digestibility. Summary.
 The paper is based in large part on fi ndings of 
experiment stations of the United States. Numerous tables 
show the return in seed for various varieties, chemical 
composition of seed of various varieties, chemical 
composition of soy hay (Mammoth variety), and digestible 
nutrients of soybeans in the various forms in which they are 
used for animal feed. A graph shows the digestible protein 
in soy cake as compared with other animal feeds. Address: 
Zootecnico, Section of Animal Industry.

916. Albrecht, William A. 1932. Calcium- and hydrogen-ion 
concentrations in the growth and inoculation of soybeans. J. 
of the American Society of Agronomy 24(10):793-806. Oct. 
[6 ref]
• Summary: Failure of soy beans on acid soils is related 
more closely to calcium defi ciency than to high hydrogen ion 
concentration. A minimum supply of calcium is necessary 
for growth and still further amounts are necessary before 
inoculation can take place. The effi ciency of calcium 
compounds in this respect is probably dependent on the 
calcium ion concentration to which they give rise, and in 
materials examined was in the order calcium chloride = 
calcium carbonate > calcium acetate > adsorbed calcium. 
Address: Prof. of Soils, Missouri Agric. Exp. Station.
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917. Galley, H.W. 1932. Soybean: seems almost perfect 
food: Recent association meeting is revelation to people who 
think of bean as basis of stock feed. Staley Journal (Decatur, 
Illinois). Oct. p. 9-10.
• Summary: “When the American Soybean Association held 
a meeting in Washington recently, H.W. Galley, our oil sales 
manager, was one of those attending. Although he has been 
in the oil business for many years, and has made a study 
of the soybean and its history and possibilities, he found 
many surprising things in the exhibit of soybean products. 
That Journal readers may know some of the things being 
done with this rather recently imported bean, Mr. Galley has 
written an interesting account of the Washington meeting, 
which follows:
 “History of Beans: Never before in the history of the 
world has the science of chemistry held such a high place in 
the development of the resources of a nation. Mother Nature 
has given us this year an abundance of things to eat, but there 
is ever ahead of us the specter of a shortage of food. We still 
ponder over the old Bible adage of ‘Seven years of plenty 
and seven years of famine.’
 “Unveiling the secrets of the Orientals, the scientists 
of today are carefully working out plans to utilize the ‘Staff 
of Life’ which has sustained the Chinese nation through ten 
thousand years of history. Their bread, meat and eggs has 
been the soybean.
 “Little known in the western hemisphere until within 
the past few years, the lowly soybean is now heralded as 
the ‘food of the future.’ Containing some of all the known 
vitamins, it is the one food that can nourish man and keep 
him in a healthy and vigorous condition.
 “The soybean is a leguminous plant, with the faculty 
of gathering nitrogen from the atmosphere and storing it in 
the soil, thus enabling the farmer to grow it year after year 
in the same ground. Some of the crop is cut for hay before 
maturing to the bean stage, but the threshing of the beans 
is growing in the midwestern states to a volume which has 
placed it as one of the important crops of Illinois, Iowa, 
Indiana and Missouri. The acreage in the South is also very 
large, and in fact the soybean is now grown in forty-four 
states of the Union.
 “Its Food Value: The soybean is packed with energy. Its 
protein value is three times that of wheat. Its fat equals the 
average of meat but is more easily digested than animal fat. 
It contains 2,100 calories per pound.
 “From the soybean are made milk, butter and cheese, 
beef substitutes, bouillon cubes, gravies, sauces, coffee 
substitutes, breakfast foods, diabetic foods, infant foods, 
macaroni, crackers, salad oils and fl our. The fl our is used in 
bread, cake, biscuits or muffi ns. The oil is used in margarine, 
salad dressings and mayonnaise. Even the oil is high in food 
value, being easily digested and almost totally assimilated by 
the digestive tract.
 “Recently the American Soybean Association held a 

meeting in Washington, D.C., where the most interesting 
exhibit of soybean products was on display, This comprised 
those of domestic production as well as the oriental products. 
Long tables were fi lled with hundreds of jars containing the 
various forms of meat and egg substitutes, soup socks, baked 
and roasted beans, and everything comprising a full diet 
down to desserts and confections.
 “The bakery section was most interesting, showing 
various cakes, such as pound, wine, angel food, layer and 
sponge cakes. Cookies and crackers of every style were 
made of soybean fl our. One interesting item was a luscious 
pumpkin pie, the crust made of soybean fl our and oil and the 
fi lling of pumpkin and soybean milk, just as tasty as the best 
that Grandmother ever baked.
 “Milk Pleasant Flavor: The soybean milk has a pleasant 
fl avor, and is equally as nourishing as cow’s milk. The 
medical association has found it to be better than cow’s milk 
in infant feeding [sic].
 “It is the universal milk used in China and Japan. Cream 
accumulates in the milk upon standing the same as in cows 
milk.” Note: Soymilk is rarely used in Japan; cream does not 
accumulate on top of soy milk.
 “Delicious cheese was on hand [tofu] and had a very 
tasty fl avor. Buttermilk was sampled by the visitors and 
unanimously declared to be good.
 “There were samples of spaghetti, macaroni and noodles 
all made from soybean fl our. In this form usually 25% of 
soybean fl our is used with other fl ours. Baby foods were on 
hand in dry form and liquids. Chocolate drinks are made of 
ground soybeans, chocolate and soybean milk and cream. Ice 
cream was served made from soybeans.
 “The chemists, the agronomists and the medical men 
have merged their interests in research and development of 
further uses of the soybean and its products. Henry Ford has 
10,000 acres of soybeans under cultivation in Michigan, and 
has built a large laboratory to make, as he predicts, a means 
of wiping out hunger on the earth. Just as he forecast the 
replacing of the horse by the automobile, he now expects to 
replace the cow with the soybean.
 “The feeding of infants to develop a better race is being 
closely studied by the medical men. Combined with soybean 
products they are experimenting in conveying to the human 
system the necessary minerals and chemicals necessary to 
perfect the human body and relieve it of many of its ills.
 “Experiments: As an example of this, one sanitarium 
has 75 children with goiter tendency under observation 
and has achieved outstanding results in introducing iodine 
to these children in a very novel way. Chickens were fed a 
ration containing seaweed and fi sh meal, both of which are 
known to have a high iodine content, and the droppings were 
used to fertilize the lettuce and spinach beds to introduce the 
iodine into the plants. Chemical analysis showed these green 
vegetables to contain iodine in suffi cient quantity to improve 
the goiter condition in the children. When such experiments 
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as these are made, is it any wonder that the scientists of 
today look to a perfect food as a benefi t to the human race.”
 “It is assuring to know that such a food has been found. 
Through education of the consuming public, we expect to 
see the soybean in this country raised front its former lowly 
stage as a mere fertilizing agent of the soil to a high pedestal 
where it will be regarded as the ideal means of nourishing 
the human race in appetizing and pleasing forms of food.” 
Address: Oil sales manager, A.E. Staley Mfg. Co., Decatur, 
Illinois.

918. McLoughlin, D.E. 1932. Gwelo Municipal 
Demonstration Station. Annual report for the Year 1931-32. 
Rhodesia Agricultural Journal 29(12):981-93. Dec. See p. 
986-87, 989.
• Summary: Trials have been in progress for 3 years at the 
Gwelo station [in Southern Rhodesia] to test the suitability 
of the soya bean under the conditions of soil and climate 
pertaining to the Midlands. The crop must be inoculated with 
bacteria to do well since the requisite bacteria do not appear 
to occur naturally in any Rhodesian soils. In experiments 
at Gwelo between 1930 and 1932, Otootan produced 700 
pounds of seed per acre when inoculated, as against 542 
pounds per acre without inoculation. There are 200 lb of seed 
per bag. Address: Asst. Agriculturist.

919. Wiggans, R.G. 1932. Corn and soybeans for silage. New 
York (Cornell) Agricultural Experiment Station, Bulletin No. 
548. 36 p. Dec. [27 ref]
• Summary: Contents: Comparative feeding value. 
Comparative productivity. Soybeans in New York. 
Experimental work: Plan of planting, planting and cultural 
methods, method of harvesting, method of calculating 
yields. Comparisons of corn and soybeans grown alone. 
Comparisons of corn grown alone and combinations of two 
rows of corn and two rows of soybeans grown alternately. 
Comparisons of corn grown alone and combinations of two 
rows of corn and one row of soybeans grown alternatively. 
Comparisons of corn grown alone and combinations of corn 
and soybeans grown in the same row. Further comparisons 
of corn grown alone and combinations of corn and soybeans 
grown in the same row. Varieties of soybeans to be grown for 
silage in combination with corn. Effect of corn on the growth 
of soybeans. Digestible nutrients. Conclusions.
 This Bulletin begins: “The utilization of soybeans as a 
crop to be combined with corn in the making of silage dates 
back almost to the beginning of silage-making, and certainly 
to the time when corn came so commonly into use for this 
purpose. The obvious reason for this is an attempt to increase 
the feeding value of the silage made from corn, a low-protein 
plant when the entire plant is considered, by the addition 
of a legume, soybeans, rich in protein. By the combination 
of the two the protein content of the resulting silage can be 
increased by 50 to 100 per cent, according to the amount of 

soybeans in the mixture. The recommended proportion of 
soybeans to be used for this purpose varies from 25 to 30 
per cent. This proportion will increase the protein content at 
least one-half, thereby narrowing the nutritive ratio, which 
would seem suffi cient to warrant reducing the amount of 
concentrates otherwise necessarily supplied from other 
sources.”
 “Conclusions: The experimental work reported herein, 
covering the period of ten years from 1922 to 1931 and 
including widely different varieties of corn (among which 
were the highest-producing varieties for silage purposes) and 
several varieties of soybeans known to be among the best for 
New York conditions, seems to justify on careful analysis 
the following conclusions, applicable to conditions similar to 
those under which the tests were conducted:
 “1. Good soybean varieties, when grown alone in 
cultivated rows the same distance apart as corn, will produce 
from one-half to three-fourths as much green weight and 
from 65 to 80 per cent as much dry weight as will corn.
 “2. Soybeans and corn grown alternately in two-row 
blocks will give from 15 to 20 per cent less green weight and 
from 7 to 15 per cent less dry weight than will corn grown 
alone. This practice is therefore of questionable value.
 “3. One row of soybeans and two rows of corn grown 
alternately will show approximately one-half the loss found 
to occur in the preceding combination. This method of 
culture is therefore much to be preferred, from the standpoint 
of production. It will also give a ratio of corn to soybeans 
approaching very closely the ratio recommended for silage 
purposes.
 “4. A combination of corn grown at the optimum rate for 
silage, one stalk every 9 inches in the row, with three times 
that number of soybean plants in the same row, will produce 
signifi cantly more total dry weight, on the average, than will 
corn alone. The ratio of corn to soybeans in the silage from 
this combination will approximate 3 to 1, the recommended 
proportion.
 “5. Any combination of these two crops will reduce the 
yield of corn, and the proportion of grain in the corn will 
likewise be reduced.
 “6. The grain in the soybeans will not make up for the 
loss of grain in the corn.
 “7. The effect of soybeans on corn in the combination 
of the two crops is somewhat in proportion to the size of 
the corn. The smaller the corn, the greater is the percentage 
reduction in corn and the greater the proportion of soybeans 
in the mixture.
 “8. Any one of several varieties of soybeans growing in 
the same row with a good silage corn will increase the total 
dry-weight production.
 “9. The total digestible nutrients produced on a unit 
area are increased by the combination of the two crops. The 
nutritive ratio is materially narrowed at the same time.
 “10. All things considered, it seems that a combination 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   450

© Copyright Soyinfo Center 2018

of the two crops, corn and soybeans, is a practice to be 
highly recommended to the dairymen of New York as a 
means of improving the silage, increasing production, 
decreasing the amount of concentrates necessary, and 
improving the land all of which tend to decrease the cost of 
production.”

920. Albrecht, W.A. 1932. Nitrogen-fi xation as infl uenced by 
calcium. Proceedings of the International Congress of Soil 
Science 3:29-39. [4 ref]
• Summary: Note: This paper is part of Commission III. 
There is the widespread experience of legumes failing 
on soils which are acid, and the general recognition that 
legumes improve through the use of limestone. “It has long 
been known that the majority of legumes on sour soils are 
improved when limestone is applied.”
 Meeting Name: International Congress of Soil Science 
(2d: 1930: Leningrad and Moscow)
 Title: Proceedings and papers of the second International 
congress of soil science, Leningrad-Moscow, USSR, July 20-
31, 1930.
 Published: Moscow, State publishing house of 
agricultural, cooperative and collective farm literature 
(Selkolkhozgis) 1932-35.
 Description: 7 v. illus., maps. 26 cm. Address: Missouri 
Agric. Exp. Station, Columbia, Missouri.

921. Rueffer, Ernst. 1932. Forschungen zum 
Kohlenhydratumsatz bei knoellchentragenden und 
knoellchenfreien Sojabohnen [Carbohydrate exchange in 
nodule-bearing and nodule-free soya beans]. Zeitschrift fuer 
Pfl anzenernaehrung, Duengung, Bodenkunde 24(3/4):129-
67. Series A. [67 ref. Ger]
• Summary: Nitrogen fi xation by nodule bacteria is largely 
dependent on the available carbohydrate supply in the 
plant. Plants grown under sterile conditions with generous 
nitrogen manuring had a lower nitrogen content than those 
inoculated with bacteria but receiving no fertilizer, although 
the initial intake of nitrogen was more rapid. Inoculated 
plants showed greater assimilation in the early growth stages 
and a consequent increase in sugar and starch contents. In 
later stages the carbohydrate content fell below that of sterile 
plants as a result of utilization by the nodule organisms.
 Rueffer collected a vast quantity of data that dealt with 
the changes in the level of various carbohydrate fractions 
as related to the uptake of free and combined nitrogen 
by soybeans. Most of the data are in tabular form, which 
makes interpretation more diffi cult. Address: Aus dem 
Agrikulturchemischen und Bakteriologischen Institut der 
Schlesischen Friedrich-Wilhelms-Universitaet zu Breslau 
[Wroclaw], German Lower Silesia.

922. Toit, F.M. du. 1932. Soy beans in the Union. Union of 
South Africa, Department of Agriculture, Bulletin No. 107. 

22 p. Also published in Afrikaans as “Sojaboontjies in die 
Unie,” in Unie van Suid-Afrika, Departement van Landbou, 
Pamfl et No. 107. [8 ref]
• Summary: Contents: Introduction. Origin of the soybean 
and its history in world commerce. Description and 
climatic requirements. Soil requirements. Cultural methods. 
Harvesting soy beans for hay. Harvesting soy beans for 
grain. Threshing. Storage. Soy bean varieties in the Union 
(grown at the present time). Value of soy bean products in 
commerce. Value of soy bean on the farm. Diseases of the 
soy bean. Conclusions. Literature cited. Acknowledgments.
 In 1910 there was a serious effort on the part of 
certain soap manufacturers to establish the soybean as a 
commercial crop in South Africa. In that year, seed was 
distributed amongst farmers, particularly in Natal. Due to 
unremunerative prices for the grain, the crop has been grown 
in Natal since that time particularly for hay and forage 
purposes.
 During 1927 the London price for soy beans was in 
the neighborhood of £12 per ton and this was infl uential in 
stimulating renewed interest in the crop in South Africa.
 Soy bean varieties in the Union (p. 16-17): “At different 
experiment stations in the Union of South Africa, we have 
records of some 50 varieties which have been tested up to 
the present time... The following table [p. 17] gives some 
of the chief characteristics of the 10 [sic, 8] most important 
varieties so far tested in this country:–American Eyebrow, 
Morse, American White, Mammoth, Brown, Chinese White, 
Haberlandt, A.K.” For each variety is given the name, growth 
habit, height, seed colour, fl ower colour, days to maturity 
(Natal, Transvaal), oil content (analyses made in England), 
yields of hay in pounds and grain in bags per Morgen (Natal, 
and Transvaal–4 year average).
 Photos show: (1) A fi eld of soy beans at the Cedara 
School of Agriculture. (2) Soy bean roots (against a black 
background) showing the distribution and size of nodules. 
(3) Mammoth variety soy beans planted in November, 
1928. Photographed 15th March 1929. Peoria University 
Experimental Farm. (4) Pods of a non-shattering strain 
of “Mammoth” soy bean. Photographed against a black 
background four months after plants were pulled. (5) A 
man (wearing suspenders and a hat) standing in a fi eld 
of soybeans holding a measuring pole in March 1930 at 
Pretoria University Experimental Farm. The soy bean variety 
Mammoth is to the right of the pole and Brown is to the left. 
Address: M.Sc., Research Offi cer, Field Husbandry Section, 
Div. of Plant Industry.

923. Burgevin, H. 1933. Sur la fi xation de l’azote 
atmosphérique par les bactéries des légumineuses [On the 
fi xation of atmospheric nitrogen by bacteria of legumes]. 
Comptes Rendus des Seances de l’Academie des Sciences 
(Paris) 196:441-43. Meeting of Feb. 6. [Fre]
• Summary: The Radicin Inst. of Westerrade makes Radicin, 
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which is suited specifi cally for soybeans.

924. Walker, R.H.; Brown, P.E. 1933. Effects of inoculation 
and liming on soybeans grown on the Grundy silt loam. Iowa 
Agricultural Experiment Station, Bulletin No. 298. p. 277-96. 
April.
• Summary: Inoculation increased the growth of plants and 
the yield of seed. The effects were still further accentuated 
by liming. The protein content of the plants was markedly 
increased.
 “On every plat there was a large increase in the total 
amount of protein produced. In all but two cases there was 
more than twice as much protein in the inoculated plants 
as in the plants not inoculated, and on some of the plots the 
increase was three-fold.”
 “The most striking thing about these results is the large 
increase in percentage content of protein brought about by 
inoculation. Inoculation of the plants on the plot without 
lime increased the protein percentage 57 percent...” Address: 
Ames, Iowa.

925. Hromadko, J.; Fort, J. 1933. Wie aeussert sich die 
Wirkung der Impfung bei der Soja [How does the inoculation 
of soybean express itself? (Abstract)]. Zeitschrift fuer 
Pfl anzenernaehrung, Duengung, Bodenkunde 12(5):248. 
May. Series B. [1 ref. Ger]
• Summary: A brief German-language summary of a Czech-
language article by these authors originally published in 
Hospodarsky Obzor 4:248 (1931).

926. Boletin de Agricultura y Trabajo (Nicaragua Ministerio 
de Agricultura y Trabajo). 1933. Soya o soja (Soja Híspida 
Moench) [Soya or soja]. 5(48):19-20. June. 2nd Series. [Spa]
• Summary: Contents: Introduction and history of the 
soybean (“it is also called ‘soya’”), with its extension in the 
United States. Climate. Soil. Fertilizer. Inoculation. Varieties 
widely cultivated in the USA (Biloxi, Peking, Virginia 
and Wilson Five for hay and ensilage. Ito-San, Manchu, 
Mandarin, and Tokio [Tokyo] for seed. Hahto for use as a 
food legume at the table {legumbre de mesa}). Uses of the 
plant: Green manure, forage, pasture (pastaderos), hay, green 
forage. Food products made from the seeds: Flour, oil, soy 
sauce, cooked whole soybeans, coffee substitutes, soups, 
soybean roasts or steaks (soyas asadas), porridge or mush, 
soymilk (leche vegetal), condensed soymilk, fresh soymilk, 
casein, confections, soy cheese (tofu; fresh, dry, smoked, or 
fermented; queso fresco, seco, ahumado, fermentado).
 Food products: Dry soybeans (semillas secas) are used 
to make soy sauce (salsa de soja), cooked soybeans (sojas 
cocidas), coffee substitutes (sustitutos del cafe), soups 
(sopas), roasted soybeans (soyas asadas), porridge / pap 
(gacha), vegetable milk [soymilk] (leche vegetal), condensed 
milk (leche condensada), fresh milk (leche fresca), casein 
(caseina), confections or sweets (dulces), and soy cheese 

([tofu] fresh, dried, smoked, or fermented {fresco, seco, 
ahumado, fermentado}), and green vegetable soybeans 
(semillas verdes) are cooked and canned or served in salads. 
Enemies of the soybean.
 Note 1. This is the earliest document seen (Feb. 2009) 
concerning soybeans in connection with (but not yet in) 
Nicaragua.
 Note 2. This is the earliest Spanish-language document 
seen (Oct. 2011) that mentions fermented tofu, which it calls 
queso fermentado.
 Note 3. This is the earliest Spanish-language document 
seen (Oct. 2011) that mentions roasted soybeans / soynuts, 
which it calls soyas asadas.
 Note 4. This is the earliest Spanish-language document 
seen (June 2009) that uses the term semillas verdes to refer to 
green vegetable soybeans.
 Note 5. This is the earliest Spanish-language document 
seen (Nov. 2014) that mentions a meat alternative, which it 
calls soyas asadas (soybean roasts or steaks).

927. Bond, George. 1933. Transfer of fi xed nitrogen 
from bacterium to host in soy bean. Nature (London) 
132(3341):748-49. Nov. 11.
• Summary: “The two principal theories advanced to explain 
the transfer of fi xed nitrogen from bacterium to host in 
the bacterial symbiosis of the Leguminosae are, fi rst, that 
transfer results from digestion of bacteria by host enzymes, 
and secondly, that it arises from an excretion by the bacteria, 
into the host cytoplasm, of a part of their fi xed nitrogen.”
 Throughout practically the whole life cycle of the 
host, the rate of transfer of nitrogen is 80-90% of the rate 
of fi xation, and there is little tendency for the products of 
fi xation to be retained by the bacteria before becoming 
available to the host. This supports the view that transfer of 
nitrogen arises from excretion by the bacteria into the host’s 
cytoplasm in preference to digestion of the bacteria by the 
host’s enzymes. Address: Botany Dep., Univ. of Glasgow, 
Glasgow, Scotland, UK.

928. Chevalier, Aug. 1933. Monographie de l’Arachide. I. 
L’Arachide dans la classifi cation botanique et au point de 
vue agronomique les légumineuses qui s’en rapprochent 
[Monograph on the peanut. I. Botanical classifi cation of 
the peanut and legumes that are close relatives from an 
agronomic viewpoint]. Revue de Botanique Appliquee et 
d’Agriculture Tropicale 13(146-147):689-721. Oct/Nov. [2 
ref. Fre]
• Summary: Contents: Part I: Overview. 1. The peanut 
is a legume. 2. The two principal properties of legumes: 
abundant nutritive reserves and fi xation of free nitrogen by 
nodules on the roots. 3. Subdivisions of the Papilionaceae 
(Papilionacées) and the place of the peanut in this family. 
Part II: Stylosanthes other than the peanut. 4. Stylosanthes. 
5. Zornia. 6. Chapmannia. Part III: Legumes other than 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   452

© Copyright Soyinfo Center 2018

the peanut which have subterranean fruits. 7. Voandzeia or 
bambara peas. 8. The Kerstingiella or earth lentil. 9. The 
species of the genus Falcata.
 Part IV: A legume that rivals the peanut–the soybean 
(le Soja) (p. 713-18). 10. Its agronomic value. 11. Botanical 
characteristics. 12. Cultivation and countries where it is 
produced. 13. Yields.
 Part V: The peanut from the economic and agronomic 
viewpoints. 14. Nutritional value. 15. Value as a source 
of oil. 16. Value as a plant that improves the soil. 17. 
Conclusions.
 “The Arachide, also known in France under the names 
Pistache de terre or Cacaouète, is the Arachis hypogaea 
of botanists. It is an annual plant, which originated in 
South America, but is now cultivated in almost all the 
warm countries of the world.” Address: Prof., Professeur 
au Muséum national d’Histoire naturelle de Paris, Chef de 
la Mission permanente d’Etudes des Cultures et Jardins 
d’essais coloniaux, Secrétaire Genéral de l’Association 
Colonies-Sciences.

929. Bieberdorf, Fredrick Wilhelm. 1933. The cytology and 
histology of the root nodules of some Leguminosae. PhD 
thesis, Iowa State College. 87 p. Illust. (31 fi gs.). 28 cm. [49 
ref]
• Summary: The author’s major subject is plant morphology. 
The main plants discussed are soybean, cowpea, alfalfa, 
sweetclover, vetch, and peanut. This thesis has an excellent 
historical and literature review (p. 5-13) and an equally 
excellent bibliography.
 Concerning nodule development of soybean, he 
discusses (p. 17-31): Infection of host tissue. Development 
of conductive tissue. Meristematic activity. Sclerenchyma 
in soybean nodules [Note: Schlerenchyma is a supportive 
tissue of vascular plants, consisting of thick-walled, usually 
lignifi ed cells. Sclerenchyma cells normally die upon 
reaching maturity but continue to fulfi ll their structural 
purpose in the plant]. Vacuoles in bacteriodal tissue. Starch 
grains in nodules. Address: Iowa State College, Ames, Iowa.

930. Arny, A.C.; Hodgson, R.E. 1934. Grow more soybeans 
in Minnesota. Minnesota Agricultural College, Extension 
Division, Special Bulletin No. 134. 12 p. Jan. Revised. 
Revised again in April 1935.
• Summary: Contents: World production. Production in the 
United States. Composition and uses of soybeans. Results 
from feeding trials. Growing soybeans: Varieties and yields 
per acre, soil for soybeans, preparation of the seedbed, 
method of planting and amount of seed per acre, inoculation, 
time and depth of planting, cultivation, harvesting the 
soybean crop for hay, harvesting for seed and stacking, 
threshing and drying the seed.
 Soybean varieties and their seed colors: Manchu is 
yellow with black eyes. Habaro is yellow with a yellow 

hilum. Chestnut is brown. Minsoy is yellow with brown 
eyes. Wisconsin Black is black. “In northern Minnesota the 
earliest varieties, Wisconsin Black and Minsoy, should be 
used for seed production.”
 Contains 8 photos and 2 tables. Address: 1. Div. of 
Agronomy and Plant Genetics; 2. Southeast Experiment 
Station, Waseca.

931. Cannon, C.Y.; Johnston, Floyd. 1934. Soybeans for 
dairy cows. Iowa Agricultural College of Agriculture and 
Mechanic Arts, Extension Bulletin No. 196. 16 p. Jan.
• Summary: Contents: Summary. Soybeans in the dairy 
cow’s ration: Feeding value of soybeans, roughage value 
of soybeans, when should soybeans be cut for hay?, shall 
soybean hay be ground or chopped?, soybeans in silage, 
soybean straw, soybeans used as grain, fat in soybeans, effect 
of fat on the cow, effects of feeding soybeans on milk and 
butter fl avors and on butter quality, value of soybean oilmeal. 
Growing the soybean crop: Varieties of soybeans, seedbed 
and cultivation, planting, inoculation, harvesting the crop.

932. Morris, H.T. 1934. All the world again looks at 
soybeans. Staley Journal (Decatur, Illinois). March. p. 3-11.
• Summary: This article begins with a brief, folksy and 
largely inaccurate early history of the soybean in Asia (the 
earliest record dates from 2,700 years before the birth of 
Christ). It came to the USA in 1804 and to Illinois prior to 
1890.
 “The Staley company’s part in pioneering the soybean 
industry in America goes back to an incident in the life of an 
American boy–a half century ago. A missionary, returning to 
his home in America, brought with him a quantity of peculiar 
looking beans. These, by chance, fell into the hands of an 
observant chap who was a tiller of soil. Upon being told that 
these beans were the main crop of the Orient and furnished 
sustenance to both man and beast, the observer planted the 
seed and from actual experience saw that it enriched the 
ground and that livestock relished the beans and hay. Little 
did he realize that half a century later his intimate knowledge 
of the soybean would perhaps be a factor in shaping the 
destiny of the industry.”
 Note: This is the earliest document seen (May 2018) 
in the Staley Journal that mentions a “missionary” giving 
young A.E. Staley the fi rst soybeans he had ever seen. A half 
century ago would have been about 1884. Mr. Staley started 
promoting soybeans in about 1921, but he waited some 13 
years before he got around telling the story of the missionary. 
This story is told at least 22 times in this book, each time 
somewhat differently. In one retelling, for example, the 
missionary is a woman.
 “The farms in Illinois had been worked overtime. 
The ground has been ‘corned to death.’ Unheard of prices 
during the World War were an incentive to plant more and 
more corn. The scheme of crop rotating had been neglected. 
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Farmers complained of low yield. They were, relatively 
speaking, harvesting nubbins [stunted, undeveloped ears 
of corn] instead of well matured ears. Although chargeable 
to freak seasons, there was further indication of worn out 
ground in the form of low protein and immature corn. The 
observer knew what remedy to apply. He began to preach 
‘diversity with soybeans.’ He was so sincere and intent that 
this gospel should be spread that through the Staley company 
a promotional department was created. This staff had one 
specifi c job–that of selling the farmers on the possibilities of 
soybeans. In conjunction with the Staley company, soybean 
trains were operated throughout the country–stopping at all 
stations and demonstrating soybeans and soybean products.
 “Needed new methods: From a comparatively few fi elds 
the seed look root. Many growers became discouraged. They 
were ‘corn farmers.’ The same methods employed to produce 
a bumper crop of corn would not raise soybeans. The idea 
prevailed that soybeans would be a ‘catch’ crop. If due to a 
late season the corn acreage was cut short, the ground might 
be planted in soybeans.
 “Through the ‘test’ period many farmers gave up in 
disgust, but others tried their hand at raising beans. For a 
number of years this shifting about took place. The more 
progressive farmers found that certain methods proved 
successful. Some tried a fi nely mulched seed bed or proper 
inoculation of the seed. Others tried planting suffi ciently 
early in the season to permit full growth, maturity and 
harvesting before the fall rains and early frost and the right 
kind of machinery.
 “The University of Illinois, College of Agriculture, lent 
its full support in developing soybean culture. This work 
is particularly noteworthy for having developed a strain of 
beans adapted to this climate and soil. This is known as the 
Illini. Its particular characteristic is a sturdy stem, which has 
a tendency to withstand wind and rain and in the early fall to 
shed the foliage, but retain the pods.
 “The farm machine industry developed special 
machinery for the cultivation and harvesting of the crop. In 
this respect the combine–a machine which cuts and threshes 
with one operation–is probably most outstanding...”
 Most of the rest of the article is about Soybean Oil Meal, 
one of the soybean products pioneered by A.E. Staley Mfg. 
Co.
 Also discusses: an infl uential article by Dr. A.A. 
Horvath, soybean fl our, soybean milk (supposedly “equal 
in biological value to the casein of milk”), soybean curd, 
soybean sauce, soy sauce as the basis of Worcestershire 
sauce, use of soybeans (a legume) to enrich the soil, the 
importance of crop rotation, soybean hay as one of the best 
known feeds.
 According to Dr. Horvath’s article: “’The soybean 
protein is not only equal in biological value to the casein of 
milk, but is similar in properties. If the soybean is boiled in 
water, the protein will not coagulate. It belongs to a group of 

globulins which is similar to the casein of milk. The Chinese 
are soaking the soybeans over night and afterwards grinding 
them between millstones, getting a cream. This cream is 
diluted with water and boiled after being fi ltered through 
cheesecloth. They get a milk such as almond milk, which is 
made from sweet almonds. Soybean milk contains oil and the 
protein necessary to the emulsifi cation.
 “’This soybean milk has been used in China since 
time immemorial and in the streets of Peking one can see 
men carrying bottles labeled similar to our milk here. This 
soybean milk, if kept at room temperature for hours, will 
turn acid and coagulate. Curds are formed exactly as curds 
are formed in ordinary milk. But the Chinese cheese is made 
not by turning the milk acid, but by curdling it in a special 
way. They use the mother liquid from sea water [nigari] 
(after table salt is manufactured) or a little plaster of paris. 
By boiling soybean milk with plaster of paris, about one-half 
gram for a quart, a curd can be obtained which resembles 
cheese and which can be cut like cheese. The Chinese and 
Japanese both use this. This soybean curd is called ‘To Fu’ 
and it is the standard food of every Oriental.
 “’The Chinese do not use the soybean curd as it is, 
because it tastes neutral and nobody likes a food which has 
no taste. A Japanese scientist said to me, “You Occidentals 
may not like the soybean, nor do we like it. We add to the 
soybean, soy sauce and in China and Japan no food is taken 
without a few cubic centimeters of this soybean sauce.” The 
average consumption of soybean sauce and other similar 
products in Japan and China per person is from 50 to 100 
grains a day.
 “’This sauce is nothing but fermented soybeans. The 
soybeans are cooked, then crushed between stones, table salt 
and water added and the mixture kept in big jars in the open 
air–sometimes covered–up to six months and even fi ve to six 
years. The bean undergoes fermentation, especially under the 
action of bacteria and the specifi c mold Aspergillus Oryzae. 
This is [the mold’s enzymes are] capable of splitting the 
soybean, thus hydrolyzing the soybean protein. The resulting 
product equals the taste of beef extract. This soybean sauce 
for 20 to 30 years has been exported from China and Japan 
and it is then spiced and labeled “Worcestershire” Sauce.’
 “’Dr. Horvath concludes his article by saying–’Soybeans 
are going to revolutionize nutrition.’
 Photos show: (1) A soybean plant loaded with pods; also 
shows the roots and a lead. (2) A fi eld of soybeans planted 
in rows; they are “becoming more common in the middle 
west.” (3) A “picturesque if not highly practical method of 
harvesting soybeans;” in many small mounds or shocks in 
a fi eld. (4) Three horizontal photos with soft pork and fi rm 
pork compared in each one. Soft pork results from feeding 
hogs a high percentage of whole soybeans, but not from 
feeding them soybean oil meal (from which all or most of the 
oil has been removed). (5) A row of soybean expellers at the 
Staley crushing plant. (6) Horizontal soybean dryers at the 
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Staley crushing plant. (7) The big elevator in which soybeans 
are stored at the Staley plant, and a rail siding. Address: Feed 
sales manager, A.E. Staley Mfg. Co., Decatur, Illinois.

933. Ralston Purina Co. 1934. Soybeans for beginners. St. 
Louis, Missouri. 10 p. Prepared by E.F. Johnson. 23 cm.
• Summary: Discusses the advantages of soybeans in 
agriculture. Contents: Map of the Midwest showing the 
company’s soybean processing plants in St. Louis, Missouri, 
and Lafayette, Indiana. “Our Processing Plants are in the 
Heart of the Soy-Belt.” Note: This is the earliest document 
seen (Nov. 1998) that uses the term “soy belt.” Introductory 
message from J.H. Caldwell, Vice-President of Ralston 
Purina Co. (10 March 1934, St. Louis, Missouri). Two ways 
soybeans can make you money this year: Introduction (the 
corn-hog reduction program), solving the corn acreage 
reduction problem, in the regular corn-belt rotations. Select 
the right variety: Varieties recommended for commercial 
production (Manchu, Illini, Dunfi eld, Harbinsoy), promising 
new varieties (Mansoy, Scioto), guide for the beginner, hay 
varieties (Virginia, Wilson, Peking). Seed bed preparation. 
Inoculation essential. Seeding: Should soybeans be seeded 
in rows or solid, early planting gives best yields, rate of 
seeding, too deep planting a serious mistake. Harvesting: 
Combine method recommended, grain binders used in 
many sections, mowing machine and windrower preferred 
by some growers. Threshing. Yield of grain (“Experienced 
growers on good soil secure yields of 30 to 40 bushels per 
acre consistently”). Storing seed. Marketing: Cash markets 
now available, how price is determined. Future outlook for 
soybeans: Introduction (the government is reducing cotton 
acreage by 35%), apparently no danger of over-production of 
soybeans. Chinch bugs do not destroy soybeans. A soybean 
program (“Increase your farm returns by substituting 
soybeans for oats”). Ad: Use the products that make a market 
for your soybeans: “Two Purina soybean processing plants 
are located in the heart of the Soy Belt...” Soybean oil meal 
is used in Purina Chows.
 The introductory message states: “This booklet is 
published by the Purina Mills, one of the largest processors 
of soybeans, in the hope that it will help many corn-belt 
farmers who are growing soybeans as a commercial crop for 
the fi rst time.
 “The material has been prepared by E.F. Johnson, 
former operator of the Johnson Seed Farms [of Stryker, 
Ohio], famous for their early work on soybeans. For years 
Mr. Johnson was active in Farm Bureau work and talked 
soybeans on hundreds of institute programs throughout 
the Corn Belt. He has consolidated here a summary of the 
best experiences of hundreds of soybean growers in Ohio, 
Indiana, Illinois, Missouri, and Iowa.
 “The Ralston Purina Company uses large quantities of 
soybean meal in the manufacture of Chows, and fi nd it one 
of the best sources of protein for the manufacture of real 

feeds for all livestock. Appreciating the need of a larger and 
more uniform production, we have added a Soybean Seed 
Department to our organization, to cooperate with growers 
in solving their soybean problems, and to serve as a reliable 
source of seed of those commercially proven varieties that 
will give best results under average conditions.”
 Photos show: (1) E.F. Johnson (facing p. 1). (2) The 
new Purina Mills plant at Lafayette, Indiana (p. 7). (3) New 
additions to the St. Louis plant. “Both equipped with modern 
soybean processing machinery. These two plants furnish 
corn-belt growers with the best possible market for their 
beans” (p. 7).
 “How price is determined: Since soybeans furnish less 
than one-twentieth of our total supply of vegetable protein 
and are almost a negligible factor in supplying vegetable 
oil requirements, prices of soybeans naturally are mainly 
infl uenced by the prevailing prices of oil and meal from 
cotton seed and fl ax.”
 “Feeding tests on Purina Mills’ Experimental Farm 
show that feeds carrying large amounts of soybean meal give 
results similar to those secured with combination of both 
vegetable and animal proteins. No other vegetable protein 
seems to have this peculiar advantage.”
 Note: This is the earliest document seen (Nov. 1998) 
that mentions Ralston Purina Co. in connection with soybean 
crushing or work to promote soybeans production in the 
USA. Address: St. Louis, Missouri.

934. Guerpel, H. de. 1934. Essai d’acclimatation du 
Soja hispida var. vilnensis dans le Calvados [Soybean 
acclimatization trial with Soja hispida var. vilnensis in 
Calvados, northwest France]. Agronomie Coloniale (L’) 
23(196):97-101. April. (Institut National d’Agronomie 
Coloniale). [Fre]
• Summary: During the colonial exposition in July of 1931, 
an International Congress on Medicinal and Essence Plants 
(Congrès international des plantes medicinales et des 
plantes à essences) was held in Paris. It lasted for several 
days, and the presentations by numerous European scholars 
were grouped as follows: fi rst day, scientifi c studies; second 
day, agricultural studies; third day, economic issues.
 On the second day, we attended a presentation from 
Professor Muszynski of Poland’s Vilnius University on 
soybeans (le soja), which interested us greatly. Their 
tests growing this plant in Poland over several years and 
the results of these tests inspired us to perform our own 
acclimatization tests on soybeans in Calvados.
 Soybeans are native to Asia; they can even be found 
growing wild in Manchuria. They are cultivated in China, 
Manchuria, Korea, Japan, Indochina and in the Indies, 
where, after rice, they serve to feed populations. China alone 
grows over two million hectares of soybeans.
 The soybean tested in Poland is a variety of Soja hispida 
Moench known as Soja vilnensis, which has been grown 
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since 1927 in large-scale farming. It has germinated well 
everywhere it is grown, shown good resistance to frost, 
presented few soil requirements and matured early.
 In Poland this year, the spring frosts destroyed the 
pickling cucumbers, beans and tomatoes in several regions, 
which required them to be reseeded. The brown soybean 
(soja brun), however, tolerated the frost well and was not 
affected by it. The soybean is an annual plant from the 
legume family. The leaves and seeds resemble a common 
bean plant (le haricot), but the soybean’s leaves are 
narrower, covered with hairs, as are the stem and pods. These 
hairs develop more in colder climates, thus protecting the 
plant further. The stem is stiff and branched, primarily in 
early species. In late species, on the other hand, the stem 
tends to lie down towards the ground due to the large size 
and height of the plant. The fl owers are very small, and are 
white, greenish or purplish-blue, almost hidden in the calyx, 
with a faint odor that gets stronger in the morning. The pods 
that grow from the fl owers are curved, velvety and contain 
two to three seeds that are brown, black or yellow depending 
on the variety. The same goes for the size of the soybean 
plant, which varies from 0.4 to 1.5 meters, and sometimes 
even reaches two meters. The larger plants produce more 
beans than the small ones, but the small plants are more 
interesting from an acclimatization perspective, because the 
large plants do not mature, or they have trouble doing so. 
The black varieties have a yellowish stem, and the large ones 
have brownish-bluish stems, sometimes purple. This plant 
tolerates dry spells and freezing below 4ºC thanks to the 
many hairs covering it, and it has fewer requirements than 
the common bean, although it is grown in the same way.
 To its advantage, the soybean is not an exhausting 
crop, and its highly developed root system that penetrates 
deep into the ground allows it to tolerate droughts. Its 
roots are also covered in nitrogen-fi xing bacteria, which is 
why soybeans enrich the soil deep down with nitrogen and 
prepare it for other crops.
 In April of 1932, we sent for 20 kg of Vilnensis soybean 
seeds (semences de soja) from Kolo, Poland, and we 
conducted tests in ten communities in the department. The 
results from this fi rst year were so encouraging in terms 
of the germination, maturity and yield that this year, we 
decided to sow fi ve hectares in ten communities, including 
Cagny, Saint-André-sur-Orne, Vieux-Fumé, Percy-en-Auge, 
Villons-les-Buissons, Saint-Contest, Beny-sur-Mer, etc. 
The seeds for planting came either from the previous year’s 
harvest, obtained from the localities, or they were seeds from 
Poland. We had 100 kg shipped by train, which cost a total 
of 715 francs including fees. The seeding began on April 
25, and ended around May 10. The land for the soybean 
seeds was prepared as for seeding beets: a good manure, 
with a superphosphate chemical fertilizer, nitrate of lime 
and sodium nitrate. The quantity of seeds sown per hectare 
varied from 30 to 35 kg. Soybeans must be seeded thinly, 

in rows 0.35 m to 0.40 m apart. As they grew, the seedlings 
were hoed twice. The fi elds were neat and the plants did 
well throughout the summer. The height of the soybean 
plants varied between 0.35 m and 0.50 m depending on the 
location.
 Around mid-August, the plants began to mature, and by 
September maturity was complete. The vegetation lasted 136 
days on average. All of the plants were removed by hand, as 
with common beans, and the post-harvest threshing was done 
either using a fl ail or by machine. Yields per hectare were 
from 1,400 to 1,800 kg, or even higher. Last spring, we sent 
a small bag of soybean seeds collected in Calvados to Mr. 
Muszynski, who sowed them in the agricultural test fi eld of 
Vilnius. He wrote to say that the results were excellent, and 
that our tests confi rm that soybeans can be grown throughout 
central Europe. Another test was conducted on white and 
yellow soybeans (soja à grain blanc, jaune) from Manchuria, 
which French factories use to extract oil and oil cakes.
 The soybeans were sown on April 29, and emerged from 
the ground after 8 days; they matured faster than the brown 
soybeans, and the stems were thicker, 0.65 m to 0.80 m tall. 
The vegetation lasted for 160 days. Due to bad weather, 
removal could only begin on November 9. The stems were 
placed in bags. Back on the farm, these bags were opened 
and the plants were set out to air dry since they had retained 
some moisture. Some plants were not fully mature and leaves 
remained on the stems. When mature, the plant loses all of 
its leaves.
 It is very likely that, had the plants been seeded at the 
beginning of April, they would have been more uniformly 
mature and they would have been pulled out sooner. Based 
on the seeded surface area, the yield may be estimated at 
a minimum of 1,700 kg per hectare. There were 40 to 50 
pods per soybean plant, while some of the brown Vilnensis 
soybean plans contained 130 to 140 pods per plant. This 
white soybean is particularly remarkable for its robust 
vegetation and large leaves. It serves as a green animal 
feed–it is popular with livestock, and animals readily eat the 
leaves.
 As a human food, the soybean seed has many 
applications. In fl our form, people use it to make bread, 
cakes and coffee. Due to its high protein content, it is used 
to make cheese and milk. The oil extracted from the seeds 
is sweet and has an excellent taste; it is low in stearic acid 
and is easy to digest; it can replace butter in baking; it is 
also used to make margarine. Soybean oil (l’huile de soja) is 
often substituted for peanut oil.
 The various dishes prepared with soybeans can 
replace meat and are easier to digest than meat. A well-
known scholar, Mr. Horwatt [sic. Horvath], attaché with 
the Rockefeller Foundation (Institut de Rockfeller [sic]) in 
Peking, equates the nutritional value of one kilogram of 
soybean fl our to two kilograms of meat, plus 250 grams of 
wheat fl our.
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 There are over 70 recipes for preparing soybeans, and 
they are highly recommended for those who have trouble 
digesting meat. Soybean seeds also contain albumin, which 
is more digestible than animal albumin and just as nutritious. 
It is very important for diabetics’ diets.
 In industry, soybean oil is preferred to linseed oil for fi ne 
paints.
 In agriculture, soybeans are being used more and more 
frequently. Soybean greens provide feed popular with 
livestock. The yield of greens per hectare is 20,000 to 30,000 
kilograms. The oil cake from which the oil is extracted is an 
inexpensive source of protein.
 Here are the results from the soybean seeds harvested in 
1933 in Calvados:
 Analyses:
 (1) White soybean (from Manchuria):
 Moisture content: 12.24%
 Oil content: 16.23%
 Oil cake protein content: 47.48%
 Protein content: 39.81%
 (2) Brown soybeans (from Poland):
 Moisture content: 11.51%
 Oil content: 16.03%
 Protein content: 40.08%
 Oil cake protein content: 48.61%
 The seeds harvested in France have the same contents as 
those harvested in their countries of origin.
 Consumption of soybean oil cakes (tourteau de soja) is 
increasing. Regions that generally reject oil cakes have been 
won over by its high nutritious value, and only want gruel 
made with soybean oil cakes, either by itself or mixed with 
half fl aked linseed oil cake. The results from feeding milk 
cows and fattening farm animals are increasingly promising, 
and we are personally very satisfi ed. When a sure prospect 
for the soybean is found, it will become very profi table to 
grow. However, the plant is relatively unknown in France, 
and the appropriate variety for the climate had not yet 
been identifi ed. Today, this variety exists, and if you try it, 
you’ll like it. Anyone who grows it in the right soil will be 
successful.
 Note: Translated by Elise Kruidenier of Seattle, 
Washington. Address: Agricultural Engineer (Ingenieur 
Agricole).

935. Mighell, Albert; Hughes, H.D.; Wilkins, F.S. 1934. 
Soybeans in Iowa farming. Iowa Agricultural Experiment 
Station, Bulletin No. 309. p. 145-206. April.
• Summary: Contents: Summary: Soybeans as a concentrate, 
soybeans for hay, an emergency crop. Expansion of the 
soybean acreage in Iowa: Rapid increases in acreage, recent 
changes in the distribution of the soybean acreage in Iowa. 
The competitive strength of soybeans in different parts of 
the state: Soybeans hasten erosion on rolling land, soybeans 
have an advantage on acid soils low in nitrogen and organic 

matter, soybeans are a new factor in the cropping program, 
soybeans change the labor program, relation of soybeans to 
the livestock system. Recommended varieties of soybeans: 
Manchu, Illini, Dunfi eld, Mukden, Black Eyebrow, other 
varieties. Growing the soybean crop: Conditions essential to 
successful culture (a well prepared seedbed, thick planting 
recommended, cultivation usually essential to weed control, 
inoculation necessary to satisfactory results), alternative 
methods of growing soybeans (labor and power used in 
growing soybeans up to harvest time, drilling gives higher 
yields at less cost), harvesting soybeans as seed, harvesting 
soybeans as hay, the time element in soybean production 
(labor distribution on selected farms, the speed of labor 
and power outfi ts used on soybeans, order and number of 
operations on soybeans). Adjusting plans in response to 
changes in prices and costs of production: Determining the 
advantages of emergency plans in a specifi c case, evaluation 
of soybeans in a permanent program. Contains 9 photos.
 “Summary: 1. The Iowa soybean acreage, exclusive of 
that interplanted with corn, has expanded from 471 acres 
in 1919 to 192,000 acres in 1933. The acreage planted with 
corn reached a peak in 1923 and since has dropped to about 
one-fi fth of the former total.
 “2. Thirty-fi ve percent of the crop is harvested as seed, 
while 65 percent is cut for hay. The percentage harvested for 
seed has been declining.
 “3. It is estimated that in 1931 68 percent of the crop 
acreage was used to supply feed for cattle, 8 percent for hogs 
and 1 percent for horses, 5 percent to supply operators’ own 
seed, and 18 percent was sold.”

936. Torres Herrera, José M. 1934. El haba soya, su cultivo 
y benefi cio [The soybean, its culture and benefi ts]. Boletin 
Agricola (Medellin, Colombia) 8(189):1180-92. April. [Spa]
• Summary: Contents: Introduction. Climatological 
conditions. Soils appropriate for this crop. Inoculation with 
bacteria. Preparation of the soil. Soya in crop rotations. 
Sowing the seeds. The work of cultivation. Calculation of the 
cost of production for 6,400 square meters (Data taken from 
the Palmira Agricultural Experiment Station, Bulletin No. 1; 
the cost is $0.45 per arroba = ca. 25 lb). Soybean varieties 
(“Agriculturists interested in planting this crop which has no 
equal, can obtain seeds free of charge from the Pamira [sic, 
Palmira] Agricultural Experiment Station or the Antioquia 
Agricultural Society [Sociedad Antioqueña de Agricultores, 
Colombia]”). Production of seeds. Yields of various varieties. 
Harvesting and threshing of the grain. The uses of soya (la 
soya).
 Utilization of the plant and seeds of the soybean (de las 
habas soyas): I. The plants as hay, pasture, green forage, 
ensilage, green manure. II. The seeds as: 1. Whole dry 
soybeans (habas secas, for making infant foods, fl our, soup, 
butter, diabetic foods and breads, cooked whole soybeans, 
confections, health foods (alimentos para sano): soymilk, 
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soybean roasts or steaks, soy sprouts. Breakfast foods: 
Vegetable curd or cheese (cuajada o queso vegetal), soy 
sauce, malted milk, soy coffee cakes, fl our, livestock feed). 
2. Green vegetable soybeans (habas verdes). 3. Soy fl our 
(harina de habas). 4. Soy oil (aceite de habas).
 Soya as human food. The composition of various 
legumes. Soy fl our. Soy oil. Soy milk (leche de soya): 
Nutritional comparison of soy milk and cow’s milk, 
powdered soymilk, fermented soymilk, tofu (queso soya), 
soy casein (Caseína).
 Whole dry soybeans: Roasted soybeans (habas 
tostadas), soy coffee (café de soya), soy chocolate (chocolate 
de soya). Green-seeded soybeans (habas soyas verdes o 
legumbres): Soy sprouts, soy sauces. Edelsoya (soy fl our 
made by Berczeller).
 The value of soy forage. Soybeans in mixtures with 
other crops. Green manure. The concept of Dr. Uribe 
Echeverri, minister in Brazil.
 Page 1180 states: “Climatological conditions. The 
soybean is suited to the temperate zones but it can become 
acclimatized to warmer climates and it has succeeded at the 
agricultural experiment stations of Valle de Cuaca and of 
Tolima and in various regions of the Intendencia del Chocó. 
It is probable that some varieties from England and from 
the north of Canada can acclimatize themselves in good 
conditions in our cold lands.
 Note 1. This is the earliest document seen (May 2009) 
concerning soybeans in Colombia, or the cultivation of 
soybeans in Colombia. Note 2. No mention is made of soya 
in Nicaragua.
 Note 3. This is the earliest Spanish-language document 
seen (Dec. 2012) that uses the term habas tostados to refer to 
soynuts.
 Note 4 This is the earliest Spanish-language document 
seen (June 2009) that uses the term habas verdes to refer to 
green vegetable soybeans. Address: Agrónomo Nacional de 
la Intendencia del Chocó [Colombia].

937. Vignes, R. 1934. Mas sobre el cultivo y 
aprovechamiento del frijol o haba “soya” [More about the 
cultivation and exploitation of the “soybean”]. Irrigacion en 
Mexico. Revista Mensuel 8(4):252-63. April. [Spa]
• Summary: This is a reproduction of an article originally 
published in the Bulletin published by the agricultural 
section of the Banco hipotecario of Ecuador. It is a general 
treatise on growing soya with special reference to the results 
obtained hitherto in Ecuador–which seem to be promising.
 Contents: Introduction. Weather conditions. Soil. 
Fertilizers. Inoculation or bacterization. Preparation of 
the soil. Time of planting. Depth of planting. Method 
of planting. Density of planting. Cultivation. Varieties. 
The soybean in mixed cropping (with maize, garbanzos, 
sorghum, with Sudan grass). Soybeans for cattle. Soy fl our as 
a fertilizer. Miscellaneous uses of soy fl our. Soy for hay. Soy 

for green forage. Soy for soil improvement (inoculation and 
nodulation are important), Soy straw. Value of soy straw for 
forage. Value of soy straw as a fertilizer. Report. Elements 
used. Commentary. Summary (Determining that soil bacteria 
are present). Address: USDA, Washington, DC, USA.

938. Wilson, J.K. 1934. Longevity of Rhizobium japonicum 
in relation to its symbiont on the soil. Cornell University 
Agricultural Experiment Station, Memoir No. 162. 11 p. 
April. [11 ref]
• Summary: “The larger part of our knowledge concerning 
the root-nodule bacteria and their relation to leguminous 
plants has been gradually developed during the past seventy-
fi ve years. Lockmann observed that the cells of nodules from 
leguminous plants are fi lled with small, elongated bodies. 
Woronin described these bodies more fully, noting certain 
changes which they underwent when suspended in water. 
Eriksson made drawings of these bodies, which today are 
recognized as the nodule bacteria, while Beijerinck isolated 
and cultivated these bacteria from a number of species of 
leguminous plants. The role that these soil bacteria play in 
the nitrogen nutrition of the Leguminosae was studied by 
Hellriegel.
 “Since these bacteria are found in the soil where 
leguminous plants are growing, and because they play such 
an important role in the nitrogen nutrition of the plant, 
methods were devised for their distribution to other fi elds 
where the symbiont of the nodule bacteria was to be grown. 
The fi rst method was probably the transfer of soil from a 
fi eld where a certain legume had grown, to another fi eld 
which was to be seeded to the same legume. Perhaps Salfeld 
was the fi rst to do this in a practical way...
 “When soybeans were fi rst grown on the farms at 
Cornell University, no nodules were ever observed on their 
roots. Following Salfeld’s method, Professor L.A. Clinton, 
who, with the Director of the College of Agriculture, I.P. 
Roberts, had charge of the work, asked Professor G.W. 
Gilmore, who was visiting Japan in 1901, to send him a 
sample of soil from a fi eld in Japan which was growing 
soybeans. In response to this request, Professor Gilmore 
mailed about 700 grams of soil. This was used by Professor 
Clinton as an inoculum for soybeans which were 6 to 8 
inches high at the time of inoculation. The soybeans were 
growing in seven large earthenware containers embedded 
in the ground... The treatment was so successful that the 
inoculated soil from the four containers was carefully saved 
to be spread over larger areas the following year...
 “Although a growing crop may liberate in the soil 
a very large bacteria population when the nodular tissue 
decomposes, this population is transitory and probably does 
not exist for as long a period as one year. The root-nodule 
bacteria dwindle almost to extinction in certain cases.” 
Address: Ithaca, New York.
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939. Oldenburg, F.W. 1934. Soybeans for hay and seed. 
Maryland Univ. Extension Service, Circular No. 106. p. 1-8. 
May.
• Summary: Contents: Introduction. Where soybeans will 
grow. Varieties. Methods of seeding. Time of planting. 
Inoculation. Fertilizing. Cutting for hay. Harvesting soybeans 
for seed. Threshing. Special soybean harvesters (incl. the 
combine).
 In Maryland, the best varieties for both hay and seed 
are the Virginia and the Wilson-Five. When these are not 
obtainable, other varieties grown are the Mammoth Yellow, 
Illini, and Manchu.
 “Special Soybean Harvesters: In regions where beans 
are grown extensively for seed, special machines that harvest 
the seed from the standing vines are in use. There are several 
types of these machines. The most common kind is a long, 
box-like affair mounted on two wheels and drawn by two 
horses. As the machine passes over the rows, sets of rapidly 
revolving arms on a cylinder shatter the beans from the pods 
into the body of the machine, from which they are removed 
at the end of the row. With such a machine, two men and a 
team can harvest an acre in about two hours. The machine 
can be used satisfactorily only when the pods are so dry that 
the beans shatter easily. On this account one machine can be 
depended upon to harvest only 40 to 5O acres per season. 
Under favorable conditions they obtain about 95% of the 
beans. There is an attachment for the machine that removes 
the straw and pods and screens the beans. This saves the time 
of one man.
 “The latest type of machine, however, is one that takes a 
swath six feet wide, fl ailing the beans off the standing stalk 
as it goes. It is pushed along by a tractor, attached to the 
machine by a side hitch. It harvests the beans at the rate of 
about two acres an hour. This machine promises to be a great 
help to soybean growers and is well worth investigating.
 “The most effi cient machine for harvesting soybeans 
is the combine. However, only large acreages would justify 
going to the expense of securing such a machine.” Address: 
College Park, Maryland.

940. Wiggans, R.G. 1934. Cayuga soybean: A home-grown, 
high-oil high-protein concentrate. New York (Cornell) 
Agricultural Experiment Station, Bulletin No. 601. 32 p. 
May. [26 ref]
• Summary: Contents: Place of the soybean in United 
States agriculture. Place of the soybean in New York 
agriculture. Considerations for the dairyman: Composition 
and digestibility of ground soybeans, monetary value of 
one bushel of soybeans, feeding trials with dairy cattle. 
Cayuga soybean: Description, origin, chemical composition. 
Experimental trials: Tests in cultivated rows, tests in drill 
plots, commercial varieties, a comparison of soybeans, 
oats and barley, test of new strains. Experiences of owners. 
Essentials for successful soybean production: Variety, 

requirements of soil and fertility, residual effect of soybeans, 
inoculation, preparation of seedbed, time of planting, rate of 
seeding, cultivation, harvest, threshing, handling of threshed 
grain. Summary.
 This new soybean is excellent as a fodder for dairy cows 
in New York. Address: Dep. of Plant Breeding, Cornell Univ. 
Agric. Exp. Station, Ithaca, New York.

941. Elliott, H.G. 1934. Soya bean trials, 1933-34. J. of the 
Department of Agriculture of Western Australia 11:327. June.
• Summary: “The soya beans which were obtained through 
the courtesy of the Ford Motor Company of Australia were 
the subject of experiments at various centres to determine 
their possibility as a summer growing legume...” The 
soybeans were to be used as a protein-rich fodder. A table 
gives the results of the trials for the season 1933-34 in 4 
locations in Western Australia: Margaret River, Muresk, 
Denmark, and Munja Station. The soybeans generally failed 
even though all seeds were inoculated with the “Soya bean 
bacteria” just prior to planting. “It is believed that this crop 
is quite unsuitable in Western Australia, with the exception 
perhaps of some of the irrigated areas.” Cow peas do better 
as a summer legume. Address: Agricultural Adviser, Dairy 
Branch.

942. Alabama Agricultural Experiment Station Leafl et. 1934. 
Soybeans. No. 2. July. p. 1-4.
• Summary: Contents: Introduction. Varieties: For hay, for 
grazing, for soil improvement, for bird feed. Culture: Land 
preparation, planting, rate and time of seeding, inoculation, 
fertilization, cultivation. Harvesting: For hay, grazing, 
for seed. Address: Dep. of Agronomy and Soils, Auburn, 
Alabama Polytechnic Inst.

943. McEwen, J.M. 1934. The soya bean. J. of the Jamaica 
Agricultural Society 38:428-29. July.
• Summary: “The soya bean has been grown with fair 
success in small quantities in Trinidad, provided that the seed 
is inoculated with the correct strain of legume bacteria. If 
uninoculated seed is planted in soil which does not contain 
this bacteria, growth will not be satisfactory... Under West 
Indian conditions it seldom grows taller than two feet.
 “The plant is comparatively free from serious pests and 
diseases. The crop-period varies with variety and locality, 
the extremes being about 2½ and 6 months. In Jamaica 3-4 
months would probably be suffi cient.” Address: Dip. Agric.

944. Times of India (The) (Bombay). 1934. Agricultural 
topics: Exploring. Aug. 11. p. 12.
• Summary: Dr. David Fairchild of the USDA was recently 
awarded the Marcellus Hartley Gold Medal for the year 1934 
for excellence in the application of science for the public 
welfare.
 The following is a quotation from the speech he gave 
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upon receiving the medal: “It is with a thrill that I remember, 
each time I drink a glass of soybean milk, that in 1898, 
before we knew how to grow soybeans in this country 
[USA], I sent to Tokyo for soil with which to inoculate the 
root systems of our experimental plantings of them, little 
thinking that I should see the day when four million acres of 
soybeans would be grown in America.”

945. Chevalier, Aug. 1934. Monographie de l’Arachide. IV. 
Biologie, anatomie et physiologie de l’Arachide [Monograph 
on the peanut. IV. Biology, anatomy, and physiology of the 
peanut]. Revue de Botanique Appliquee et d’Agriculture 
Tropicale 14(156):565-614. Aug. [3 ref. Fre]
• Summary: Contents: 1. Germination. 2. The vegetative 
appearance of the peanut. 3. The roots. 4. Structure of the 
nodules. 5. The fl owers, effl orescence, and fl owering season. 
6. The fruits and the seeds. 7. Anatomy of various parts of 
the peanut. 8. The symbiosis of the nodules. 9. The bacteria 
in the nodules and nitrogen fi xation from the air. 10. The 
mechanism of nitrogen fi xation and enrichment of the soil 
in nitrogen after the cultivation of legumes. 11. Formation 
of lipids in the seeds. 12. Composition of the various parts 
of the fruit and seed of the peanut. 13. Peanut oil. Tables 
of nutritional analyses. 15. Peanut genetics. 16. Hybrids 
and hybridization. Chromosomes. 18. Practical results of 
selections. Soy is not mentioned.

946. Wilson, J.K. 1934. Relative numbers of three species 
of Rhizobium in Dunkirk silty clay soil. J. of the American 
Society of Agronomy 26(9):745-77. Sept. [3 ref]
• Summary: “In every sample the numbers of Rhizopus 
japonicum were smaller than the numbers of Rh. trifolii. In 
45 of the 55 samples the numbers of Rh. japonicum were 
smaller than the numbers of Rh. leguminosarum.”
 The results of these experiments “substantiate and 
extend the thesis that soils vary in their capacity to maintain 
various species of the root nodule bacteria.” As previously 
explained, neither the acidity nor the alkalinity of the soil 
appears to have had anything to do with this relationship. 
Address: Prof. of Soil Technology, Dep. of Agronomy, 
Cornell Univ., Ithaca, New York.

947. Torres Herrera, José M. 1934. El haba soya, su cultivo y 
benefi cio [The soybean, its culture and benefi ts]. Boletin de 
Agricultura y Trabajo (Nicaragua Ministerio de Agricultura 
y Trabajo) 6(54):24-26. Aug.; 6(55):6-8. Sept.; 6(56-57):6-
12. Oct/Nov. 3a Epoca. [Spa]
• Summary: The article begins with the following: “In 
previous editions of this bulletin we inserted various articles 
concerning the cultivation of soya; however, given the 
large importance of this legume, we decided to reprint this 
article by José M. Torres Herrera from the Boletín Agrícola 
of Medellín, Colombia” [April 1934. 8(189):1180-92]. The 
soybean variety Brazilian Yellow can be obtained in Sao 

Paulo for 10 cents gold at the most” (i.e., it is inexpensive).
 Contents: Part I. Introduction. Climatological conditions 
for different varieties. Soils appropriate for this crop. 
Inoculation with bacteria. Preparation of the soil. Soya in 
crop rotations.
 Part II. Sowing the seeds. The work of cultivation. 
Calculation of the cost of production for 6,400 square meters 
(Data taken from the Palmira Agricultural Experiment 
Station, Bulletin No. 1; the cost is $0.45 per arroba = ca. 25 
lb). Soybean varieties (“Agriculturists interested in planting 
this crop which has no equal, can obtain seeds free of charge 
from the Pamira [sic, Palmira] Agricultural Experiment 
Station or the Antioquia Agricultural Society [Sociedad 
Antioqueña de Agricultores, Colombia]”). Production of 
seeds. Yields of various varieties.
 Part III. Harvesting and threshing of the grain. The uses 
of soya (la soya). Utilization of the plant and seeds of the 
soybean (de las habas soyas): The plants as hay, pasture, 
green forage, ensilage, green manure. The seeds as whole dry 
soybeans (habas secas, for making infant foods, fl our, soup, 
butter, diabetic foods and breads, cooked whole soybeans, 
confections, health foods [alimentos para sano]: soymilk, 
soybean roasts or steaks, soy sprouts. Breakfast foods: 
Vegetable curd or cheese [cuajada o queso vegetal], soy 
sauce, malted milk, soy coffee cakes, fl our, livestock feed), 
green vegetable soybeans (habas verdes), soy fl our (harina 
de habas), soy oil (aceite de habas). Soya as human food. 
The composition of various legumes. Soy fl our. Soy oil. Soy 
milk (leche de soya): Nutritional comparison of soy milk 
and cow’s milk, powdered soymilk, fermented soymilk, tofu 
(queso soya), soy casein (Caseína). Whole dry soybeans: 
Roasted soybeans (habas tostadas), soy coffee (café de 
soya), soy chocolate (chocolate de soya). Green-seeded 
soybeans (habas soyas verdes o legumbres): Soy sprouts, soy 
sauces. Edelsoya (soy fl our made by Berczeller). The value 
of soy forage. Soybeans in mixtures with other crops. Green 
manure. The concept of Dr. Uribe Echeverri, minister in 
Brazil.
 Note: No mention is made of soya in Nicaragua. 
Address: Agrónomo Nacional de la Intendencia del Chocó 
[Colombia].

948. Gerretsen, F.C. 1934. Over de invloed van enting op 
de opbrengst aan zaad en het gehalte aan eiwit, olie en 
lecithine bij soja [The infl uence of inoculation on the yield of 
soybean seeds and their content of protein, oil, and lecithin]. 
Landbouwkundig Tijdschrift, Maandblad 46(567):823-37. 
Dec. [16 ref. Dut]
• Summary: Note: This is the earliest Dutch-language 
document seen (Feb. 2016) that mentions lecithin, 
which is refers to as lecithine. Address: Dr., Ir., 
Directeur der Microbiologische Afdeeling van het 
Rijkslandbouwproefstation te Groningen.
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949. American Seed Trade Association. 1934. Proceedings of 
the Annual Convention 51:
• Summary: Contents: Offi cers and committees 1933-34. 
State correspondents (listed alphabetically by state). Standing 
committees. Constitution of the ASTA. By-Laws. Order of 
business. Roll [directory] of Members, listed alphabetically 
by company [or individual] name with the year the company 
joined ASTA (p. 20-24). Honorary. Offi cial register of the 
convention (p. 25-32). Fifty-First Convention, Chicago. 
Address: Chicago.

950. Dimmock, F.; Kirk, L.E. 1934. Soybeans. Canada 
Department of Agriculture (Ottawa), Pamphlet No. 155. 18 
p. New Series. Revised in 1939 as Farmers’ Bulletin No. 80. 
[1 ref]
• Summary: Contents: Introduction. Description of the 
soybean plant. Soil and climatic adaptation. Uses of soybean 
seed: Soybean meal, soybean oil, soybean fl our. Uses of the 
soybean for forage and soil improvement. Varieties: Yields, 
varietal adaptation, protein and oil content of seed, size of 
seed, colour of seed, registration. Culture: Soil preparation, 
time of seeding, inoculation of seed, method of seeding, 
depth of seeding, cultivation, harvesting, threshing. Storage 
and marketing of seed.
 “The soybean gives every indication of becoming 
a valuable addition to the fi eld crops of Canada. Its 
possibilities are being actively investigated in almost every 
province of the Dominion, although production is so far 
limited almost entirely to the Province of Ontario. The total 
acreage for the Dominion in 1933 is estimated at 15,000 
acres. Since the total acreage in 1929 was probably less than 
1,000 acres the increasing interest in the soybean as a fi eld 
crop is fully evident.
 “Present production of the soybean in Canada is chiefl y 
for seed, which, being extremely rich in protein and oil has 
a high commercial value. The industrial uses for which it 
can be utilized are numerous. The seed also has considerable 
value on the farm for live stock feeding and, since the 
soybean plant itself possesses a high nutritive value for 
fodder, it is quite possible that as production increases the 
crop may fi nd its greatest use on the farm, rather than in 
industry.
 “The Dominion Department of Agriculture during the 
past ten years has introduced and tested hundreds of varieties 
and strains of soybeans from various parts of the world.”
 “Since the soybean is comparatively new as a farm crop 
in Canada this pamphlet is intended to give information 
as to the characteristics of the soybean plant and seed; 
its adaptation to soil and climatic conditions; the various 
purposes for which soybeans are used; the most suitable 
varieties that are available; and general instructions on how 
the crop should be grown and handled.”
 “Based upon results of tests conducted by the Dominion 
Experimental Farms Branch, the following varieties 

are considered the best of those available at present for 
production in Canada.” A table (p. 11) lists seven varieties; 
for each is given the maturity and colour of the seed. 
Manitoba Brown, very early, brown. Wisconsin Black, early, 
black. Mandarin (Ottawa), medium early, yellow. Manchu 
(Hudson), medium late, yellow (black hilum). O.A.C. No. 
211, medium late, yellow. Manchu, late, yellow (black 
hilum). A.K. (Harrow), very late, yellow (brown hilum).
 Table 5 (p. 15) shows “Soybean hay and seed 
production, 1933” for the six of the seven varieties 
mentioned above in the following places: Nappan, Nova 
Scotia; Fredericton, New Brunswick; Lennoxville, Quebec; 
and Charlottetown, Prince Edward Island. At Fredericton, 
New Brunswick, the soybeans, grown for seed, were 
harvested from Sept. 21 to Oct. 12. The average plant height 
ranged from 29 to 42 inches. The yield (in bushels per acre) 
ranged from 29.8 for Mandarin (Ottawa) to 12.8 for Manchu. 
At Charlottetown, Prince Edward Island the soybeans, grown 
for seed, were all harvested on Oct. 31. The average plant 
height ranged from 18 to 28 inches. The yield (in bushels 
per acre) ranged from 24.7 for O.A.C. No. 211 to 19.2 
for Manitoba Brown. Below this table we read: “Date of 
seeding: Nappan, May 25; Fredericton, May 26; Lennoxville, 
June 3; Charlottetown, June 6. Maturity of seed: Fredericton 
and Charlottetown–Manitoba Brown and Wisconsin Black–
ripe; Mandarin–fairly mature; other varieties–immature.
 Table 6 (p. 15) shows “Protein and oil content of 
soybean seed” at 12% moisture for the same six varieties 
in the following places: Ottawa, Ontario (averages, 4 years, 
1929-1932); Harrow, Ontario (averages, 5 years, 1928-
1932); Brandon, Manitoba; Calgary, Alberta; Avonport, Nova 
Scotia; and Sidney, British Columbia. The last four locations 
are for 1932 only. The highest protein content was 39.72% 
for Manitoba Brown at Harrow.
 Size of seed: A table (p. 16) lists the average weight in 
grams of 1,000 seeds obtained from seed grown at Harrow 
during a period of several years: Manitoba Brown 199, 
Wisconsin Black 165, Mandarin 205, O.A.C. 211 225 (the 
largest seeds), Manchu 185, A.K. 162.
 Note 1. This is the earliest document seen (Jan. 2010) 
concerning soybeans in New Brunswick province, Canada, 
or the cultivation of soybeans in New Brunswick. This 
document contains the earliest date seen for soybeans in New 
Brunswick, or the cultivation of soybeans in New Brunswick 
(26 May 1933). The source of these soybeans was probably 
the Central Experimental Farm, Ottawa, Ontario, Canada.
 Note 2. This is also the earliest document seen (Jan. 
2010) concerning soybeans in Prince Edward Island, Canada, 
or the cultivation of soybeans in Prince Edward Island. 
This document contains the earliest date seen for soybeans 
in Prince Edward Island, or the cultivation of soybeans in 
Prince Edward Island (6 June 1933). The source of these 
soybeans was probably the Central Experimental Farm, 
Ottawa, Ontario, Canada.
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 Note 3. This is the earliest document seen (Oct. 2013) 
that mentions the soybean variety Mandarin (Ottawa). 
Address: 1. Div. of Forage Plants, Dominion Experimental 
Farms; 2. Dominion Agrostologist, Ottawa, Canada.

951. Guerra, Guilherme. 1934. Relatório da Estaçao 
Experimental do Bié: Vila Silva Pôrto 1928 a 1931 [Report 
from the Experimental Station at Bié, Angola: Vila Silva 
Pôrto, 1928-1931]. Boletim da Direccao dos Servicos de 
Agricultura e Comercio 4(12-15):53-116. For Jan/Dec. 1931. 
See p. 71, 74-75. [Por]
• Summary: Page 71 contains a list of legumes used for 
green manure and soil enrichment (adubacao) introduced in 
1930-31. The soybean (Soja; Soja hispida) is one of these, 
introduced from France.
 Page 74 states that soybeans, some acquired directly and 
some furnished by the Direcçao de Serviços, were planted 
on 5 March 1930 in small quantities (about 20 gm). They 
yielded 80 gm of soybeans, the equivalent of 36 kg/ha. Also 
discusses work with soybeans at the New Jersey Agricultural 
Experiment Station, the work of Kircher with nodulation, 
and the work of Trabut in Algeria.
 Note 1. This is the earliest document seen (Aug. 
2009) concerning soybeans in Angola, or the cultivation 
of soybeans in Angola (or any Portuguese colony). This 
document contains the second earliest date seen for soybeans 
in Angola, or the cultivation of soybeans in Angola (1930). 
The source of these soybeans was France.
 Note 2. Abreu Velho and Gossweiler (1938) state: At 
the experiment station of Policultura Planáltica at Bié, from 
1928 to 1931, the soybean was one of the crops tested for 
use as a green manure. A summary of the results is given 
by the station’s director in this publication. Yet in this 
1938 document we can fi nd no mention of soybeans being 
grown before March 1930. Address: Policultura Planaltica 
Experiment Station at Bié, Angola.

952. Japan-Manchoukuo Year Book. 1934. Tokyo, Japan: 
Japan-Manchoukuo Year Book Co. 26 cm. First annual issue. 
[Eng]
• Summary: Each year book is divided into two main parts: 
Japan, and Manchoukuo. The Preface begins: “The far 
reaching political and economic changes which have taken 
place in the Far East within recent years have created the 
need for a year book covering the Japanese Empire and 
Manchoukuo [pronounced mahn-CHO-ku]. Especially to 
be noted is the growing relationship between Japan and 
Manchoukuo; hence any volume which discusses one, 
without consideration of the other, would be incomplete.”
 A table near the front gives “Weights, measures, and 
moneys.” 1.80391 hectoliters = 1 koku = 5.11902 dry 
bushels (USA). 1 yen = $0.4984 dollars (USA) = 2.583 
French francs = 2.0924 German marks.
 A large color map (2-page spread) shows Japan, 

Manchoukuo, Chosen [Korea], Karafuto, and Taiwan–as well 
as the railways in each country.
 Page 360: A large table shows the yield (in koku per tan) 
of 15 major Japanese crops, from 1904-08 to 1931–including 
rice, barley, naked barley, wheat, soya beans, red beans, etc. 
The yield of soya beans increased from 0.77 in 1904-08 to 
0.86 in 1930.
 Page 364: A table shows the production (in hectoliters) 
of beans, potatoes, and sweet potatoes in Japan from 1927 to 
1931. For soya beans:
 5.886 million hectoliters in 1927
 5.370 million hectoliters in 1928
 4.780 million hectoliters in 1929
 5.473 million hectoliters in 1930
 4.481 million hectoliters in 1931.
 Production of red [azuki] beans in 1931 was 25.2% of 
soya beans.
 Pages 626-34: The chapter on Agriculture in 
Manchoukuo begins: Widely different views are entertained 
as to the possibilities of Manchoukuo as a fi eld of 
agricultural enterprises. Undoubtedly, they are immensely 
greater than those of mountainous Japan or Korea, but to 
liken them to those of the great agricultural regions found 
in North and South America seems to have no ground. The 
soil is not in general so rich, and in many places has been 
much exhausted, nor is the area of arable land so extensive, 
nor the climate so moderate. One great advantage it has had 
over most other countries in Eastern Asia is the comparative 
thinness of its population, but this advantage is fast being 
diminished by the constant infl ux of Chinese immigrants 
from the South. Taking all these things into consideration, 
Manchoukuo is yet the most favored spot for agriculture 
in the Far East, and its opportunities may well be termed 
‘immense,’ which epithet is often met with in Japanese 
publications on that country.
 “The great mass of level land, extending over the whole 
of Central Manchuria and comprising the basins of the Liao, 
Sungari, Nonni, and Hulan, the productiveness of which can 
compare favorably with any part of Japan or Korea, is by 
itself as large as the whole of the Chosen Peninsula or of the 
mainland of Japan,...” The forecast for soya bean production 
in Manchoukuo in 1933 is 5.216 million metric tons. 
Manchuria is divided into north and south. About half of the 
total crop production is grown in each area.
 Page 627: A table shows “Production of crops in 
Manchoukuo, 1931.” For soya beans:
 1.175 million metric tons in Mukden.
 2.414 million metric tons in Kirin.
 1.637 million metric tons in Heilungkiang.
 5.227 million metric tons total.
 Soya beans had the largest production of any crop in 
the country in 1931, followed by kaoliang (4.497 mmt) then 
millet (2.960 mmt).
 Page 628: A large table gives “Crop output in 
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Manchoukuo,” 1922-1931. For soya beans:
 3.088 million metric tons in 1922.
 3.088 million metric tons in 1923.
 3.448 million metric tons in 1924.
 4.173 million metric tons in 1925.
 4.775 million metric tons in 1926.
 4.816 million metric tons in 1927.
 4.834 million metric tons in 1928.
 4.849 million metric tons in 1929
 5.297 million metric tons in 1930.
 5.227 million metric tons in 1931.
 Page 629: A large table shows “Cultivated area in 
Manchoukuo classifi ed by crops, 1931. (Hectares).” For 
Soya beans:
 Mukden 960,030
 Kirin 1,902,210
 Heilungkiang 1,338,350
 Total: 4,200,590 ha
 Previous year 4,118,450. “In one of the publications 
of the Chinese Maritime Customs” [The Soya Bean of 
Manchuria, 1911, p. 6] we read: “But when the Manchurian 
farmer pulls out the whole plant by the roots, or, having cut 
the crop with his sickle, proceeds to cut up the roots with a 
mattock for fuel, he is preventing the work of the bacillus 
radicicola from bearing its fruit and depriving his land of the 
provision made for it by nature. Thus, the soil in South-west 
Manchuria, where agriculture has been carried on for 400 
years, has been bereft of all vegetable and organic matter and 
no longer bears harvests. The wonderful natural loaminess 
of the soil in the newer regions further north–for instance, at 
Shwangchengpu, where it is said that no manure is or ever 
has been used by the farmers in the 40 years since the land 
has been cultivated–this loaminess will assure good harvests 
for many years to come; but in the course of time even the 
richest soil will become exhausted, and to prevent such a 
disaster steps should be taken to inform the ignorance of the 
peasants who are at present deriving such great profi ts from 
their crops. If they could be shown the value of the process 
of ‘turning under’ the green bean plants after the harvest, the 
fertility of the land might be preserved.”
 Page 630: In this chapter on Agriculture, a section 
on “Soya beans” appears on pages 630-34. Contents: 
Introduction. Cultivation of soya beans. Different species. 
Uses of the soya bean. Bean oil. Bean cake. Near the start 
of the Introduction we read: It was the soya bean that 
introduced Manchuria into world trade, “and it is still the 
soya bean that makes Manchuria famous. So predominant 
is the position of the soya bean and its products, bean oil 
and bean cake, in the trade of Manchoukuo, that these three 
articles now constitute nearly one-half the value of the entire 
exports of the country. Sir Alexander Hosie called them, ‘the 
Wealth of Manchuria.’ They are indeed the wealth of the 
country, which has been growing ever since the time of Sir 
Alexander, and is still growing. Without the ‘three articles,’ 

by which term [soya] beans, bean cake, and bean oil are 
collectively called by the Japanese, the trade of Manchoukuo 
would, at a stroke, shrink to one-half its present amount, 
not only in export but most probably in import also, for 
experience has shown that Manchoukuo seldom buys more 
than it sells.”
 A large table (p. 630) titled “Soya bean output in 
Manchoukuo: Classifi ed according to districts” is divided 
into South and North Manchuria. It shows how many metric 
tons were produced in each district in 1931 and 1932.
 On page 634 is a long, interesting discussion of: 
“Kaoliang: Apart from its trade value, kaoliang or tall millet 
may be considered even more important than soya beans, 
in that it is the staple food of the native population, and the 
principal grain food of the numerous animals engaged in the 
farm-work and in the immense carrying trade of the three 
provinces.
 “Before soya beans attained their present importance, 
half the total area of the cultivated land in Manchuria was 
devoted to kaoliang, and a large amount of it was exported 
to the provinces of China. Of late, however, the cultivation 
of kaoliang has given place to that of [soya] beans in many 
places, so that at present, in the northern part of South 
Manchuria, where beans are cultivated most extensively, 
about 50 per cent. of the whole cultivated area is devoted to 
beans, and only 20 to 30 per cent. to kaoliang. It is said that 
8 pounds of seed suffi ce to sow an acre of land, producing 
in good years 10 to 12 cwt. [hundredweight] of grain. In a 
bad year or on poor soil, only a third of this quantity will be 
harvested. The crop is easily affected by climatic and soil 
conditions, and for this reason its cultivation is confi ned 
chiefl y to Mukden Province, and in that province, too, it 
does not grow well in the Liaotung Peninsula or in the 
mountainous south-east.
 “Kaoliang is not only used as a food-stuff for man and 
beast in Manchoukuo, but the native spirit is also made out 
of it. Nor are the grains the only useful part of it; the stalks 
play a very important role in Manchoukuo. The outer leaf 
layers, are woven into mats, so much required in the trade of 
the country, for roofi ng ricks and packing loads of grain and 
beans, and for numerous other purposes. The stalks are also 
utilized for fencing, bridging, and housebuilding, and where 
wood and coal are unobtainable or dear they are used for 
fuel.
 “Kaoliang spirit, extensively used in both Manchoukuo 
and Mongolia, is colorless and transparent, and possesses 
a strong fl avor, which peculiarly appeals to the taste of the 
natives.
 “Kaoliang used to be an article of home consumption, 
and its market outside Manchuria was at most confi ned to 
China proper, but after the outbreak of the European War a 
trial shipment was made to Europe as grain food for horses, 
and being successful it has since continued to be exported. 
It is also exported to Japan, and the demand for it there is 
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constantly increasing.”

953. Osborn, L.W. 1934. Adjustment in agriculture II: Crop 
adjustment–Oklahoma’s opportunity for soil improvement. 
Oklahoma A.&M. College, Extension Service Circular No. 
307. 38 p.
• Summary: Pages 13-14. “Soybeans are well adapted to 
eastern Oklahoma. In central and western Oklahoma the 
crop has made a good showing under reasonably favorable 
moisture conditions, and especially when successful 
inoculation has been obtained. Frequent failures to obtain 
inoculation under western conditions have proved a 
handicap. Soybeans make an erect growth and are easily 
harvested with farm machinery for hay or grain, and the 
crop is popular on that account in sections where farmers 
understand growing the crop successfully. As a rule the 
adapted varieties of soybeans are the best grain yielders of 
the legumes, and produce an excellent quality of hay. A grain 
crap may be harvested with a binder or with a combine, and 
threshed with a small grain thresher when a few adjustments 
have been made.”
 On p. 14 are sections on: Culture. Utilization. Varieties 
(Those suited for Oklahoma include Laredo, Chiquita, 
and Virginia–the leading variety grown in northeastern 
Oklahoma). Inoculation. Address: Extension Agronomist, 
Stillwater, Oklahoma..

954. Whiting, A.L. 1934? Legumes for soil building. Urbana, 
Illinois: The Urbana Laboratories. 6 p. Undated. 22 cm.
• Summary: This small, undated brochure was “Reprinted 
from the Offi cial Minutes of the Third Annual Texas Citrus 
Institute held at Edinburgh College, Edinburgh, Texas, 
March 6, 7, 8, 1934.”
 Contents: Introduction. Soil tests for defi ciencies. Active 
organic matter. Use inoculated legumes.
 Tables show: (1) How strains of bacteria affect protein 
content of alfalfa. (2) Urbana Culture superior strains 
increases yields and protein content of your crops–Soy bean 
seed, shelled green peas.
 For soy bean seed: Strain 1 gave a yield of 59 bu/acre 
or 750 lb/acre of protein. Strain 2 gave a yield of 43 bu/acre 
or 686 lb/acre of protein. Gain for better strain: 16 bu/acre 
or 64 lb/acre of protein. (Source The Urbana Laboratories, 
Field Experiment, 1931). Address: The Urbana Laboratories, 
Urbana, Illinois.

955. Ralston Purina Co. 1935. Soybeans: A cash crop. St. 
Louis, Missouri. 10 p. Prepared by E.F. Johnson. Jan. 23 cm.
• Summary: This booklet (also prepared by E.F. Johnson) 
is somewhat similar to that titled “Soybeans for beginners,” 
published by Ralston Purina in March 1934. Contents: 
Map of the Midwest showing the company’s soybean 
processing plants in St. Louis, Missouri, Lafayette, Indiana, 
and Circleville, Ohio. “Our soybean mills located to serve 

you best.” Introductory message from J.H. Caldwell, Vice-
President of Ralston Purina Co. (15 Jan. 1935, St. Louis, 
Missouri). Soybeans–A cash crop: Introduction, three 
outstanding reasons for great interest in soybeans this year 
(1) Year-round cash market now established. (2) Chinch 
bugs leave soybean alone. (3) Soybeans can be planted on 
corn-reduction acres. Established markets necessary for 
expansion. Soybeans are an easy crop to grow: Seedbed 
preparation most important operation (weeds, stand, 
yield), a simple prescription for a good seed bed. Varieties 
recommended for commercial production (Dunfi eld, 
Manchu, Illini), recommended new varieties (Mandell, 
Scioto, Manchuria, Mukden. Note: Virginia, Wilson, 
Ebony, Pekwa and Kingwa are not recommended due to 
low oil content and less attractive meal). Growing soybeans 
commercially: Inoculation, solid or row seeding, rate of 
seeding, date of seeding, don’t plant too deep, cultivation. 
Harvesting: Combine method recommended, grain binders 
used in many sections, mowing machine and windrower 
preferred by some growers, use regular grain separator for 
threshing. Yield of grain (“Soybeans will yield from 20 to 40 
bushels to the acre... Yields of 40 to 45 bushels per acre are 
not uncommon in Illinois”). Storing and marketing soybeans: 
Sell through your local elevator, value of meal and oil 
determines price of soybeans. Future outlook for soybeans in 
U.S.: Introduction, increased acreage next year anticipated, 
wide diversity of use of soybean products: Flour, soybean 
oil meal, soybean oil, other uses (milk, cheese [tofu] bean 
sprouts, fl avoring sauce, substitutes for coffee and peanuts). 
Using soybeans to check chinch bug movement. A soybean 
program. Ad: Use the products that make a market for your 
soybeans: “Three Purina soybean processing plants are 
located in the heart of the Soy Belt...” Soybean oil meal is 
used in Purina Chows.
 Photos show: (1) E.F. Johnson (facing p. 1). (2) The 
7-story Purina Mills plant at Circleville, Ohio, “complete 
with new modern soybean processing machinery” (p. 6). 
Purina Mills plants at Lafayette, Indiana, and St. Louis, 
Missouri (p. 7).
 “Future outlook for soybeans in U.S.: Previous to 1934, 
4,000,000 bushels was the largest amount of soybeans to be 
processed from a single crop. At least 9,000,000 and possibly 
10,000,000 bushels of the 1934 crop will be processed into 
meal and oil... We predicted last year that the reduction in 
cotton-seed meal through the passage of the Bankhead Bill 
would result in a big increase in demand for soybean meal 
and in higher prices on soybeans. Both of these predictions 
have already been proven. The big increase in soybean meal 
this year still is far short of supplying the loss in cottonseed 
meal.” Address: St. Louis, Missouri.

956. Wiggans, R.G. 1935. Pole beans vs. soybeans as a 
companion crop with corn for silage. J. of the American 
Society of Agronomy 27(2):154-58. Feb.
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• Summary: Claims that in the northeastern states pole 
beans are defi nitely unsatisfactory for companionship with 
corn grown for silage. Gives 6 reasons why. Address: Prof. 
of Plant Breeding, Dep. of Plant Breeding, Cornell Univ., 
Ithaca, New York.

957. Hopkins, E.W. 1935. The effect of long and short day 
and shading on nodule development and composition of the 
soybean. Soil Science 39(4):297-321. April. One plate at end. 
[36 ref]
• Summary: Plants exposed to short day periods had high 
starch and nitrogen contents whether the nitrate supply was 
high or low. With advancing age, accumulation of starch in 
low-nitrate plants increased and the nitrogen constituents 
contained a larger proportion of simpler compounds. Plants 
grown under long-day conditions had lower starch and 
nitrogen contents, notably in stems. With a low nitrate 
supply such plants showed declining carbohydrate and 
increasing nitrogen contents with advancing age. Shaded 
plants contained less carbohydrate and more nitrogen than 
the unshaded. The weight of nodules produced relative to the 
total weight of plants was decreased by high nitrate supply, 
short days, and shading. Address: Hull Botanical Lab., Univ. 
of Chicago, Illinois.

958. Orcutt, F.S.; Wilson, P.W. 1935. The effect of nitrate-
nitrogen on the carbohydrate metabolism of inoculated 
soybeans. Soil Science 39(4):289-96. April. [10 ref]
• Summary: Low nitrate in the nutrient reduced the level of 
soluble sugars in the plant sap, probably as a result of protein 
formation. Intermediate nitrate stimulated photosynthesis and 
increased nodulation and nitrogen fi xation. Higher nitrate 
decreased the sugar level in the sap, since photosynthetic 
capacity, under these conditions, became the limiting 
factor in protein formation. Nodules were fewer and 
smaller. Address: Depts. of Agricultural Bacteriology and 
Agricultural Chemistry, Univ. of Wisconsin.

959. Agricultural Gazette of New South Wales. 1935. The 
possibilities for soybeans. 46(5):264. May.
• Summary: Mr. W.D. Kerle, H.D.A., Special Agricultural 
Instructor, has written the introduction to a leafl et on 
soybeans, which is available, free of charge, from the NSW 
Department of Agriculture, Box 36A, G.P.O., Sydney. He 
notes that soybeans have long been a staple food in many 
East Asian countries.
 During the past 20 years in New South Wales, many 
varieties have been introduced and numerous fi eld trials have 
been conducted throughout the state.
 “The results, in the main, have been disappointing, 
however, and efforts to establish soybeans as a commercial 
crop have met with little success. The growth has been 
erratic–at times luxuriant but more often medium to 
poor–while grain yields, chiefl y as a result of poor seed 

due primarily to some unfavourable climatic infl uence, 
have been low.” Another reason for poor results appears 
to be the absence in local soils of the particular bacteria 
association with the growth of root nodules on the plants. 
This is confi rmed by recent experiments at the New England 
Experiment Farm, Glen Innes, where commercial inoculum 
from the United States increased seed yields by 6 bushels / 
acre over seed not inoculated.
 Also discusses use of soybeans for green manure and 
fodder purposes, and as human food.
 Rabbits and hares have a special fondness for soybeans 
in their younger stages of growth, and it is futile to attempt 
to grow them unless they are well netted in areas where these 
pests are prevalent.

960. Bowdidge, Elizabeth. 1935. The soya bean: Its 
history, cultivation (in England), and uses. London: Oxford 
University Press. xii + 83 p. Foreword by Sir John T. Davies 
(Director, Ford Motor Co., Ltd.). Illust. 20 cm.
• Summary: Contents: 1. Introduction. 2. The soya bean 
in the East: Europe, United States, Canada. 3. Description 
of the plant: Results of experiments in England, the 
1934 experiment in Essex, yields from the four varieties, 
description of the four varieties, composition of English 
and other varieties. 4. Culture of the soya bean: Soil 
requirements, inoculation of the seed, preparation of soil, 
rates of seeding, sowing seed, cultivation, fertilizers, 
harvesting the crop, threshing, storage, yields in various 
countries, soya bean prices. 5. Soya bean hay: Feeding 
values, time of cutting, soya straw, soya in the mixed crop 
(in mixed cropping plans with sorghum, maize, etc.). 6. 
Soya beans for soil improvement. 7. By-products of the soya 
bean: Oil and its uses, notes on experiments in breeding for 
oil, methods of extraction, soya cake and meal, results of 
comparative feeding tests. 8. Food products of the soya bean.
 This book describes the successful introduction and 
cultivation of soybeans in England. The Foreword notes (p. 
v): “In past years no sustained effort has been made to grow 
the plant on a large scale in England. The Royal Agricultural 
Society devoted several years to experiment at Woburn, but 
in 1914 they reported that the plant was quite unsuitable for 
growth in this country as it required more warmth than could 
be obtained here. The British Board of Agriculture reported 
in 1916 that ‘the Japanese and Manchurian varieties hitherto 
tested cannot be relied upon to produce seed in this country.”
 In the Preface (p. ix) Ms. Bowdidge acknowledges: 
“That very able and unique work The Soybean, by 
Messrs. Piper and Morse, has been my principal source of 
information.”
 “Efforts to introduce the [soy] bean to English 
agriculture were begun in 1909 and given up in 1914, and 
except for the work of Mr. J.L. North nothing further has 
been done” (p. 9).
 The section titled “Results of experiments in England” 
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(p. 15-17) states: “One of the fi rst attempts to acclimatize the 
soya bean in England began in 1914 at the Royal Botanic 
Gardens, Regents Park, when it was shown by Mr. North that 
certain varieties could be ‘advanced’ suffi ciently to produce 
a mature crop towards the end of September. Many years 
devoted to careful selection of seed from the varieties in 
his collection had resulted in several early strains. In 1928, 
a hybrid was received from Canada which, on passing the 
experimental stage, was planted out on a number of small 
plots in various parts of the country. It proved to be a very 
reliable cropper and matured earlier than any of the sixty 
varieties previously under test. Planted in the fi rst week 
in May it was harvested at the beginning of September, 
and reports of good results came from Middlesex, Essex, 
Berkshire, Oxfordshire, and Hampshire.
 “The largest experimental test ever conducted in this 
country took place in 1933 at Boreham, Essex, when forty-
seven different varieties of the soya bean originating from 
North America, Canada, Manchuria, and Japan were grown 
under observation. The selection included four varieties 
which had been acclimatized by Mr. North. Mr. North was 
engaged to supervise operations, and 50 lb. of his special 
seeds was purchased. The results obtained were most 
interesting.”
 “There is no doubt at all that the four varieties 
acclimatized by Mr. North were a great success; two reached 
maturity on September 1st and two on September 6th. In 
many cases plants bearing between 300 and 400 seeds were 
harvested.”
 “It has been found by Mr. North in the course of more 
than twenty years’ study of the subject, mainly with foreign 
beans grown in various parts of the country, that no variety 
of soya bean has any chance of success in England unless it 
matures in less than 100 days in America. Varieties requiring 
this length of time in America need nearly a month more 
in this country and, owing to our colder spring weather, no 
advantage is gained by earlier sowing. Mr. North’s seeds 
require 124 to 127 days to reach maturity in England but, if 
grown in America, they would only require 85 to 90 days.
 The section on “The 1934 Experiment in Essex” (p. 
17-23) notes: “The result of the 1933 experiment was so 
encouraging that it was determined that a further attempt 
should be made in 1934 to ascertain whether it would be 
possible to grow the plant profi tably as a fi eld crop and, with 
this in view, a fi eld of nearly 20 acres was specially prepared 
for the acclimatized seeds from the 1933 crop.”
 Joseph Bramah, an English engineer, invented the 
hydraulic press in 1796, leading to a “great advance in the 
oil-extraction industry.” All “old methods in the western 
world immediately gave place to the new appliance.” 
More recently the method of solvent extraction has been 
developed; it is now used throughout the world and removes 
nearly all the oil from the seeds (p. 69).
 “There is plenty of evidence as to the effi ciency of soya 

meal in live-stock feeding, yet it does not appear to be used 
in this country as widely as its feeding value merits. The 
prejudice formed when it was fi rst introduced in England as 
dairy food seems still to exist. It was thought at that time that 
the use of the meal might affect the taste of milk and butter; 
but, although this was disproved later, England remains a 
small user” (p. 72).
 Food products of the soya bean (p. 80-83): “It is 
unfortunate that the inherent conservatism of English people 
to anything new has been the cause of past failures to 
popularize soya bean food products for consumption in this 
country. The bean contains iron, magnesium, calcium, and 
other mineral salts; phosphorus in the form of lecithin makes 
it valuable in cases of nervous disorders...
 “Soya ‘sprouts,’ which have been grown and used for 
centuries in the East, have recently been introduced as a 
green vegetable. The beans gathered before ripe and prepared 
in the same manner as green peas are a very satisfactory 
vegetable and the dried beans, if soaked for forty-eight 
hours, may be cooked like haricot or butter beans and make a 
most delicious and nutritious vegetable dish.”
 There is no doubt that soybean products are gradually 
becoming established in Western countries. We sometimes 
eat soybeans without knowing it. “The bean, when 
properly prepared by roasting, makes an excellent cereal 
beverage which looks, smells, and tastes like coffee; a 
sauce, appropriately seasoned with spices, is the so-called 
‘Worcester Sauce’, and soya soups made from the bean taste 
like beef extract. During the late war, when Germany found 
herself on the verge of starvation, glutamic acid, produced 
from the soya bean, was used in German hospitals to form 
the basis of beef-tea, and it is said that the ground bean also 
was used at that time for the making of bread. Soya bread, 
made from properly prepared fl our, is obtainable in England 
and is stated to be of high nutritive value” (p. 81).
 Soya fl our has long been used in foods for diabetic 
persons requiring a low starch diet. “The fl our contains more 
protein and fat, and less carbohydrates than ordinary cereal 
fl ours, and a certain variety manufactured in England is 
stated by the proprietors to contain 42 per cent. protein and 
20 per cent. fat, having good keeping qualities, 0.13 per cent 
lecithin phosphoric acid and the vitamins A, B, D, and E. 
There are many food products on the London market under 
the names that conceal their soya bean origin. Just before 
the late war [World War I] an enterprising English fi rm was 
making great strides with soya products. Vegetable butter, 
biscuits, cocoa, milk chocolates and other confectionery, 
cream, cakes, bread, &c., proved quite a success until a war-
time embargo placed upon the importation of soya beans 
put a stop to the business; the organizers eventually went to 
America!” (p. 82).
 The author concludes (p. 83): “The soya bean is by far 
the most valuable of all known beans and our farmers ought 
to make a serious effort to grow it. It has already been shown 
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that the acclimatized bean will grow in this country, and if 
crops can be raised profi tably and on a commercial basis, a 
service will be rendered both to the farmer himself and to the 
country.”
 Excellent photos show (see p. xiii): (1) A typical 
example of the soya bean plant grown at Boreham, County 
of Essex, in 1933. (2) The soya bean plant in full maturity. 
(3) Bags of English acclimatized soya beans harvested on 
Fordson Estates, Boreham, Essex, in 1933. Left to right: 
Brown ‘C,’ yellow ‘J,’ black ‘O,’ and green ‘Jap.’ (4) A 
sturdy specimen of the ‘Jap’ soya bean plant grown at 
Boreham, Essex in 1934. (5) The ‘J’ variety. (6) The ‘O’ 
variety (for hay) at the seed stage. (7) Aerial view of the soya 
bean fi eld as it appeared on 29 Aug. 1934. (8) Soya beans 
inoculated the previous day being fed into the horse-drawn 
drill prior to sowing. (9) A man seated on an ordinary horse-
drawn grain-drill, planting soya beans in rows wide enough 
to enable cultivation later on. (10) Six men stooping in a 
fi eld, planting small quantities of different varieties of soya 
beans by hand in 30-inch rows. (11) A man walking beside 
a horse pulling a cylindrical roller, which helps to give the 
seeds a better growth and even stand. (12) Harvesting soya 
beans with a reaper and binder pulled by a tractor. (13) 
Threshing soya beans in 1934 with a mechanical ‘Ruston’ 
Thresher; many beans were split. (14) Loading sacks of soya 
beans onto an open-bed truck for conveyance to storage 
barns. (15) The fi rst English rick of soya hay, grown in 1933. 
(16) Baled and trussed soya bean straw being ricked; a man 
is shouldering a bale atop the rick with a ladder propped 
against one side. (17) Heated cakes of crushed soya beans 
ready for hydraulic pressing at Erith Oil Mills, Ltd. (18) 
Soya bean cakes, after leaving the press, are passed through 
a paring machine where the edges are trimmed at Erith Oil 
Mills. Address: England.

961. Casas, Abelard Blanco. 1935. El frijol soya [The 
soybean]. Cuba Agricola (Havana) 2(6):15-17. June. [Spa]
• Summary: A basic introduction to soybeans. A large photo 
(p. 15) shows one man standing in a fi eld of soybeans at 
the agricultural experiment station (Estacion Experimental 
Agronomica) of Santiago de las Vegas. Note the vigor of the 
plants.
 Some years ago, at a time when he was director of the 
agricultural experiment Station at Santiago de las Vegas, Dr. 
Calvino cultivated soy bean there. The soya bean, Soja max 
Lin. originated in China.
 In September of 1931 there were in the Department of 
Agriculture of the Station seeds of 23 varieties, which were 
sown in small lots; and since then, we have been observing 
their behavior, being able to make sure that some of them, 
in the type of land that we work, vegetate very well and 
produce more grain than the black and red beans that are 
grown in our country for the table.
 Page 16: A full-page table gives the nutritional 

composition (protein, oil, carbohydrates, crude fi ber, ash, 
water / humidity, and calcium). The varieties are: Illini, 
Dunfi eld, Mansoy, Tarheel Black, Dixie, Tokyo, Hahto, 
Columbia, Mammoth Yellow, Brown C.5, Wilson Five, 
Midwest, Ito San, Hispida, Medium Green, Lexington, 
Mammoth Brown, Harbinsoy, Haberlandt, Peking, George 
Washington, Chiquita, O-too-tan.
 Page 17: Photos show: (1) A bundle of soybeans with 
many seed-fi lled pods. (2) The roots of a soybean plant 
bearing many nodules for nitrogen fi xation. Address: PhD, 
Agronomo..

962. Wilkins, F.S.; Hughes, H.D. 1935. Choosing legumes 
and perennial grasses. Iowa Agricultural Experiment Station, 
Bulletin No. 331. p. 89-152. June.
• Summary: Page 1: “Legumes of greatest value for different 
uses or soil conditions in Iowa are (1) alfalfa, (2) medium red 
clover, (3) mammoth red clover, (4) alsike clover, (5) white 
clover, (6) the biennial white and yellow sweet clovers, (7) 
hubam clover, (the annual white sweet clover), (8) Korean 
lespedeza, (9) dalea, and (10) soybeans. A discussion of 
soybeans is largely omitted in this publication since the 
growing of this crop is entirely different from that of the 
others.
 Footnote 3: Information on soybeans is reported fully in 
Iowa Agr. Exp. Sta. Bulletin No. 309 [published in 1934].
 Page 94: “The annual legumes, Korean lespedeza, 
soybeans, and dales are the most acid soil tolerant of the 
legumes suitable for Iowa conditions.”
 Pages 120-21: Legumes for green manure: “Inoculated 
legumes take part of the nitrogen for their growth from 
the air. The percentage of nitrogen that comes from the air 
depends largely upon fertility of the soil. More of it comes 
from the air when the legumes are grown on soils low in 
nitrogen than when they are grown on soils high in nitrogen. 
All of the other nutrients besides nitrogen must come from 
the soil. Choosing a legume for soil improvement with the 
purpose of returning as much as possible of the growth to 
the soil, either as green or as animal manure, therefore, is 
exceedingly important and cannot be over emphasized.
 “Extent of root growth must be considered carefully, 
also, when weighing the relative soil improvement merits of 
different legumes. The biennial and perennial legumes have 
a large part of their weight in the roots, since food is stored 
there for growth the next year. Annual legumes, because they 
die as soon as they form seed, do not store much food in the 
roots, and the roots of these plants comprise a comparatively 
small part of their total growth. It is apparent, therefore, that 
if the top growth of biennial or perennial legumes is removed 
and sold off the farm, considerable root growth and aftermath 
remain to be incorporated with the soil. On the other hand, 
when annual legumes are handled in a similar manner the 
amount of material returned to the soil in stubble and roots is 
small. Furthermore, annual legumes like dalea, hubam clover 
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and soybeans die as soon as they are cut at mower height and 
no aftermath develops, while perennial legumes such as the 
true clovers and alfalfa keep on growing until late fall. It is 
apparent, therefore, that if annual legumes are used for soil 
improvement more top growth must be returned to the soil, 
as green or animal manure, than when perennial legumes 
are used in order to make up for the difference in root and 
aftermath growth.
 “Legumes suitable for green manure in Iowa include the 
biennial sweet clovers, hubam clover, red clover, and alsike 
clover, alfalfa, Korean lespedeza, dalea and soybeans.”
 Page 126: Other green manure legumes: “While a 
discussion of soybeans is omitted from this bulletin, there 
is so much confusion among growers concerning the soil 
benefi ts to be derived from growing this crop, that brief 
mention is in order under choice of crops for green manure. 
In recent Iowa tests, soybeans grown as a grain crop with 
the straw not returned to the land did not increase the 
following corn crop yields when compared with corn which 
followed oats on other plats. Approximately 90 percent of the 
nitrogen and organic matter of the soybean plant is in the top 
growth. It is therefore apparent that a well inoculated crop 
of soybeans, grown and removed from the soil, either as hay 
or for seed, cannot but decrease the soil’s nitrogen content, 
rather than increase it. If soybeans are to increase soil 
fertility, appreciably the crop must either be plowed under, 
or else the product–either as seed and straw or as hay–fed on 
the farm and the manure carefully conserved and applied to 
the land.” Address: Ames, Iowa.

963. McDonald, J. 1935. The inoculation of leguminous 
crops. East African Agricultural Journal 1(1):8-13. July. [6 
ref]
• Summary: Table I classifi es various leguminous plants into 
ten major groups according to their cross-inoculation groups. 
This is called “Carroll’s system of classifi cation.” Group I, 
the Cowpea group, which includes the groundnut, soya bean 
(Glycine hispida), and kudzu vine (Pueraria thunbergiana). 
The author advocates artifi cial inoculation of these various 
crops. Address: D.F.C., B.Sc., F.L.S., Senior Mycologist, 
Kenya Colony.

964. Orcutt, F.S.; Fred, E.B. 1935. Light intensity as an 
inhibiting factor in the fi xation of atmospheric nitrogen by 
Manchu soybeans. J. of the American Society of Agronomy 
27(7):550-58. July. [7 ref]
• Summary: Inoculated soya beans grown in nitrogen-free 
sand, with high light intensity, failed to initiate nitrogen 
fi xation. The latter commenced after partial shading for 1 
week. The effect of light intensity is correlated with the 
carbon:nitrogen ratio within the plant. An extremely high 
ratio probably inhibits nitrogen fi xation.
 Wilson (1940, p. 127, with two photos in Plate 14) 
notes: “In early June of 1932 Orcutt and Fred (1935) placed 

sand cultures of soybeans outdoors just as the prolonged 
drought of that summer began. The weather immediately 
following the planting was characterized by sunlight of 
high intensity and by hot, dry winds. The response of the 
nodulated soybeans to these rather extreme conditions 
was most unexpected: they entered the nitrogen hunger 
stage and remained there. Plants supplied with ammonium 
nitrate developed normally. This difference in response 
suggested that the effect was related to the nitrogen fi xation 
process. Since the roots of the plants suffering from nitrogen 
hunger possessed numerous, well-developed nodules 
(Plate 14), it was suggested that perhaps the carbohydrate-
nitrogen balance in the plant had become so excessive that 
assimilation of free nitrogen was inhibited.
 “To test this hypothesis, part of the nodulated plants in 
the nitrogen hunger stage were shaded for a week to retard 
the formation of carbohydrate and to increase the soluble 
forms of nitrogen in the plant. As can be seen in Plate 14, 
the response was clear-cut; within a few days nitrogen 
fi xation had begun in the shaded plants, and by the end of a 
week the leaves had become dark green. After a week these 
plants were harvested, along with plants which had not been 
shaded, and appropriate analyses made. Shading had reduced 
the carbohydrate-nitrogen relationship (as measured by 
soluble carbohydrate divided by total nitrogen), especially in 
the roots and stems (2). This decrease in the carbohydrate-
nitrogen balance was accompanied by an increase in the 
quantity of nitrogen fi xed, the shaded plants having fi xed 
more than twice as much as the unshaded. Although the 
larger plants of the shaded series possessed the greater 
absolute mass of nodules, no signifi cant effect was observed 
on the development of the nodules, measured as a percentage 
of the plant.”
 Footnote (2): “The same conclusions were reached 
when percentage of nitrogen was used as the measure of the 
carbohydrate-nitrogen relationship, but the differences were 
less marked (Orcutt and Fred, 1935).” Address: Depts. of 
Agricultural Bacteriology and Agricultural Chemistry, Univ. 
of Wisconsin, Madison, Wis.

965. Nitragin Company, Inc. (The). 1935. Soybean 
inoculation increases protein content of hay and seed (Ad). 
Proceedings of the American Soybean Association p. 48.
• Summary:  A full-page ad. A long quotation from Iowa 
Agric. Exp. Station Bulletin No. 298 supports the claims of 
the title of this ad. “Ever since 1898, Nitragin–The original 
legume inoculator–has served the American farmer. Dated 
for your protection. Guarantees billions of fresh, effi cient 
legume bacteria packed in every can. Always reliable and 
profi table. Nitragin is the cheapest legume crop insurance 
money can buy.”
 “Free–A valuable 20-page, 6 x 9 [inch] booklet [titled 
Double profi ts from legume crops] the most complete 
information on legumes and inoculation ever published. Ask 
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your dealer or write Nitragin Co. direct for your copy.”
 “Nitragin is the oldest and most widely used inoculator 
in the U.S.A. Nobbe-Hiltner process.” Small photos show: 
(1) Soybean roots covered with nodules. (2) A new 25 bushel 
size can of Nitragin. “Inoculates 1,500 lbs. seed. Special low 
price.”
 Note: This is the earliest advertisement seen (Oct. 
2016) for Nitragin inoculant (or “inoculator”) in connection 
with soy beans. Address: 3747 N. Booth St., Milwaukee, 
Wisconsin.

966. Urbana Laboratories (The). 1935. Inoculate soy beans 
with Urbana Culture: Superior legume inoculator (Ad). 
Proceedings of the American Soybean Association p. 2.
• Summary: A full-page ad. “Early and effi cient nodule 
production by our Urbana Culture superior strains. A farm 
practice that pays, yet costs very little. Fresh, fi eld tested, 
safe, sure. Superior strains protect against drouth. You 
benefi t from our fi eld and laboratory research only by using 
Urbana Culture. Superior strains increase yields and protein 
content of your crops.” It contains three tables based on three 
different scientifi c studies showing that inoculation improves 
the yield and protein content of soybean seeds and hay. The 
use of better strains gives more of each.
 A small (1½ by 2¼ inch) photo shows nodules growing 
on the roots of a soybean plant. Address: Urbana, Illinois.

967. McKee, Roland. 1935. Summer crops for green manure 
and soil improvement. Farmers’ Bulletin (USDA) No. 1750. 
16 p. Sept. See p. 1, 7-8, 14.
• Summary: “The crops most commonly used for summer 
green manure and soil improvement are alfalfa, red clover, 
soybeans, cowpeas, velvetbeans, sweetclover, crotolaria, 
and lespedeza. These are all legumes, which take nitrogen 
from the air through symbiotic bacteria that are found in the 
nodules on the roots” (Abstract).
 “The use of summer crops for green manure is not 
as common a practice as the use of winter crops for that 
purpose. This is for the simple reason that the summer 
season is the time when most cash crops must be grown.” 
“Soybeans, cowpeas, and velvetbeans are used in rotations as 
cash crops, as crops too turn under for green manure, and a 
crops to grow in combination or intermixed with corn” (p. 1).
 “There are four types of summer green manuring that 
need to be considered.” “Where early fall seeding of lawns 
can be practiced or is advised, a summer green-manure crop 
of soybean, cowpea, or other legume can be used to prepare 
the land to receive the grass seeding” (p. 7).
 A photo (p. 8) shows corn interplanted with soybeans. 
“Soybeans and velvetbeans are commonly planted with 
corn in this way in the Cotton Belt, and the practice is to be 
recommended.”
 On page 11 is a section on “Cowpeas.” The section 
titled “Soybeans” (p. 14) states: “While the crop is grown 

primarily for seed, it is used extensively for forage and soil-
improvement purposes. In the United States, it is grown 
mostly east of the ninety-ninth meridian or a line passing 
through the middle of the Dakotas and south through central 
Texas. When soybeans are used for a green-manure crop, 
late-maturing varieties usually will give the largest yields; 
when used as a regular crop in rotations varieties should 
be selected that will give high yields of seed or hay as the 
grower may desire. For green-manure, the crop should be 
sown broadcast or in close drills, from 60 to 100 pounds of 
seed being used per acre, depending on the size of the seed, 
which varies with varieties.” Address: Senior Agronomist, 
Div. of Forage Crops and Diseases, Bureau of Plant Industry 
[USDA].

968. Van Wyk, N.J. 1935. Cowpeas and soybeans as fodder 
crops. Farming in South Africa 10(115):444. Oct.
• Summary: “The advantage attaching to the cultivation of 
these crops does not consist only in the provision of better 
feed, for the plants, having deep roots, open up new sources 
of plant-food in the soil, thereby enriching it in mineral 
plant-foods and nitrogen as well as improving its physical 
condition. These plants therefore constitute ideal crops for 
the establishment of a sound rotation system with maize and 
teff.” Address: Extension Offi cer, Sanderton.

969. Wilson, P.W. 1935. The carbohydrate-nitrogen relation 
in symbiotic nitrogen fi xation. Wisconsin Agricultural 
Experiment Station, Research Bulletin No. 129. 40 p. Oct. 
[37 ref]
• Summary: “The carbohydrate-nitrogen hypothesis suggests 
that fi xation occurs only when a given Ch:N relation in the 
plant is exceeded.”
 Page 39: “The hypothesis affords a unifi ed biochemical 
explanation for many observations previously restricted to 
empirical description and throws light on certain on certain 
agricultural practices.”
 Soybeans are discussed on pages 16-17, 20-22, and 
36-37. Address: Agricultural Bacteriology and Agricultural 
Chemistry, Madison, Wisconsin.

970. Rhodesia Agricultural Journal. 1935. Editorial: Soya 
beans. 32(11):767-68. Nov.
• Summary: “We have received numerous enquiries from 
farmers regarding the cultivation of soya beans. For a 
number of years experiments have been continued on the 
Salisbury Experiment Station and practically all the better 
known strains have been tested. It is defi nitely proved that 
the growth of the crop may be much increased by inoculating 
the seed with the specifi c bacteria required by the crop, 
excepting perhaps when the crop is grown on fertile soils, 
well supplied with organic matter.” Under these conditions, 
Otootan, Otoxi, and Biltan are remarkably successful as 
fodder crops. “For the export trade the yellow-seeded 
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Herman variety is the only one which could be grown, but 
at the present time the depressed condition of the overseas 
market renders the export of this seed unprofi table.” Address: 
Dep. of Agriculture, Salisbury, Southern Rhodesia.

971. Canel, Manuel. 1935. Inoculacion de soja con cultivos 
artifi ciales de Bacillus radicicola [Inoculation of soybeans 
with artifi cial cultures of Bacillus radicicola]. Archivo 
Fitotecnico del Uruguay 1:92-99. [Spa; ger]
• Summary: Note that the name of the soybean nodule 
bacterium is given as Bacillus radicicola rather than as the 
more common Rhizopus japonicum.
 Fig. 1 shows that the artifi cial cultures tested were: (1) 
B = Biogen (Bodenbiologisches Institut Kallmeyer & Neu, 
Berlin-Schmargendorf); (2) R = Radicin (Radicin Institut, 
Westerrade, Holstein [Germany]); (3) U = Urbana (The 
Urbana Laboratories, Urbana, Illinois).
 The summary states that these bacteria were found in the 
inocula Biogen, Radicin, Urbana Laboratories, and USDA.
 Note: This is the earliest document seen (Oct. 2018) that 
mentions the inoculant Biogen. Address: Uruguay.

972. Crespí, Luis. 1935. La soja y su cultivo en España [The 
soybean and its cultivation in Spain]. Spain. 32 p. Series: 
Catechisms for Farmers and Cattlemen/Stock-Farmers 
(Catechismos del Agricultor y del Ganadero). 17 cm. [Spa]
• Summary: Contents: I: Cultivation of the soybean (la 
soja; p. 3-18): 1. Description of the plant. 2. Origin of the 
soybean. 3. Varieties of soybeans (Variedades de sojas): 
Early maturing, semi-late, late. 4. Needs of the soybean: In 
water, in soil, in fertilizer. Fixation of nitrogen from the air 
in soybeans. 6. Place in the rotation. 7. Preparatory work. 
8. Planting: Carrying out the sowing, the necessary seeds, 
depth of planting. 9. The seeds sprout. 10. Cultural care. 11. 
Maturity. 12. Diseases (enfermedades). 13. Harvest: As a 
forage plant, as a producer of seeds. 14. Yield.
 II: Applications of the soybean (p. 19-28). 1. 
Composition of the plant: Composition of soybean forage, 
composition of the seeds, composition of the straw (la paja). 
2. The soybean in the feeding of animals: As a forage plant, 
as a plant that produces seeds, soybean cakes (tortas de 
soja), soybean straw. 3. The soybean as a human food. 4. 
Industrial products from the soybean (from the oil: paints 
and varnishes, soap). 5. The soybean as a fertilizer.
 III: Geographic distribution: 1. Worldwide cultivation of 
the soybean. 2. The soybean in Spain.
 The soybean as a human food (p. 27): The seed is rich 
in protein. Whole soybeans (Semillas de soja) can be used 
like French beans and peas, mature and dry, and toasted 
like peanuts. The fi rst two leaves of very small soybean 
plants (Plantitas de soja) can be used in salads or cooked. 
Soy fl our can be used in bread, pastries, biscuits, or diabetic 
diets. Condiments, widely used in China and Japan, include 
natto, miso, tou-chiang, and shoyu. One can make soymilk 

(leche de soya), and use it to make soy cheeses (quesos de 
soja). The seeds of certain varieties can be roasted to make 
substitutes for cocoa or coffee.
 Soybean cultivation worldwide (p. 29-30): In France, 
starting in 1880, the house of Vilmorin, started selling the 
variety Etampes. Also in 1880, the soybean was cultivated in 
Portugal in the Botanical Garden at Coimbra (in west central 
Portugal).
 “The soybean in Spain (p. 30): Thirty fi ve years 
ago [i.e. in 1900] my father tried cultivating soybeans in 
Pontevedra. [Note: Pontevedra is a province and city in 
the northeast corner of Spain, just north of Portugal, on the 
coast of the Atlantic Ocean. The city is near the mouth of the 
Ria de Pontevedra, at about 42.4º north latitude]. For two 
consecutive years, and using seeds of the variety Etampes 
from the House of Vilmorin seedsmen, he obtained identical 
results: excellent vegetation, but a small yield of seeds 
because the plants failed to fully mature.
 “More than thirty years ago [i.e. before 1905], the count 
of San Bernardo tried growing the soybean, with excellent 
results, on his estate “El Alamillo,” at Ecija (near Seville, 
Spain).
 “In 1910 the soybean was cultivated by Mr. Noriega in 
Jerez (near Cádiz {Cadiz}, Spain), and the results obtained 
seem to indicate that the harvest was of medium size due 
to the poor condition of the seeds; but the plant responded 
brilliantly, showing healthy growth and resistance to the 
drought.
 “In 1917 the ambassador of Spain stationed in Shanghai 
forwarded to the Commercial Information Center of the 
Spanish Secretary of State three varieties of soybean seeds: 
small black, yellow, and green. These seeds were very 
probably used in cultural trials, even though we do not know 
the results that were obtained. In the same year Mr. Juan 
Abril reported in the periodical Revista Ibérica [Iberian 
Review] of his successful soybean trials conducted in Tortosa 
(in Tarragona province [in northeastern Spain]).
 “Finally, during the years 1914 and 1915, Mr. Santiago 
F. Valderrama, the brigadier general from Artillería 
[Artelleria], conducted soybean cultural trials in Montilla (in 
Córdoba / Cordova province).
 “To his cultivation and enthusiastic encouragement of 
the cultivation of this plant in Spain, we owe the photograph 
on the cover of this little instruction book. It shows the top of 
a mature soybean plant grown by him in Montilla. Two more 
generations of soybean plants were cultivated in the same 
locality.”
 Illustrations (line drawings) show: (1) Leaves of the 
soybean and the common bean (judía = Phaseolus vulgaris) 
(p. 4). (2) Flowers of the soybean and the common bean. 
(3) A soybean stem, with 3 leaves and 2 pods; an opened 
soybean pod showing 3 seeds (p. 5). (4) An uprooted 
soybean plant, showing nodules on the roots, and abundant 
pods (p. 12). (5) Comparison of two soybean plants, with 
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and without nodules. The one with nodules is larger and has 
many more and larger pods (p. 13).
 Note: This is the earliest document seen (April 2015) 
concerning soybeans in Portugal, or the cultivation of 
soybeans in Portugal. This document contains the earliest 
date seen for soybeans in Portugal, or the cultivation of 
soybeans in Portugal (1880 at the botanical garden in 
Coimbra). The source of these soybeans is unknown. 
Address: Catedratico de Agricultura de Instituto-Escuela, 
Spain.

973. Kornfeld, Arnold. 1935. Die Oelbohne oder Soja [The 
oilbean or soybean]. Hamburg, Germany: F.W. Thaden. 
(Neues Handbuch der tropischen Agrikultur...Ergaenzung). 
32 p. Illust. No index. 21 cm. [3 ref. Ger]
• Summary: Contents: 1. The history of the soybean 
(Ölbohne) and its present dissemination / extension 
(Verbreitung) in various countries. 2. The cultivation of 
the soybean: Botany of the plant, varieties, and origins, 
the conditions necessary for cultivation, cultivation (in 
the tropics {on the mainland of the Far East, on the Sunda 
Islands–today’s Indonesia}, in Europe and America 
{preparation of the soil, use of manure or fertilizer, 
inoculation, seed, care and maintenance of the crop, harvest, 
storage, crop rotation}).
 Diseases and pests / enemies in various countries. Uses 
of the soybean (der Ölbohne): in one’s own economy (seeds, 
silage, hay, green fodder and pasture), as a crop to be sold, 
on the economics of soybean production. Outlook.
 In today’s Yugoslavia a German, Mr. Rainer in Essig, is 
both a soybean grower and a plant breeder. Address: Leiter 
des Versuchswesens an der Siebenbuergisch-Saechsischen 
landwirtschaftlichen Anstalt in Mediasch (Medias), Romania.

974. Kurdiani, I.; Nakashidze, E. 1935. [Oilseed plants]. 
Tblisi, Georgia: Georgian Press. 140 p. [Geo]
• Summary: The section titled “Soya” (p. 21-23) states (p. 
22) that the soybean was introduced to France from China 
in 1793. In 1873 it appeared at the Vienna International 
Exhibition. At the end of the 19th century the soybean was 
grown in Russia. “In our country [Georgia] it was fi rst 
cultivated in the 1860s.”
 Illustrations (line drawings) show: (1) A soybean plant, 
with a cluster of pods shown separately. (2) Soybean leaves, 
fl owers, and fl ower parts. (3) Soybean pods, closed and 
opened, with individual beans. (4) The root system with 
nodules. Address: Georgia.

975. Banks, G.H. 1936. Arkansas soybeans in 1935. East 
Arkansas Record (Helena, Arkansas) 5(138):2. Jan. 28. 
Soybean section.
• Summary: “The All-American triple-threat footballers have 
gone into eclipse until next September, so we will take time 
out for a discussion of a ‘triple-purpose’ friend of the farmer, 

the widely-distributed but little-known soybean. Some crops 
are grown for cash income, others for feed for livestock, and 
still other crops to build up the soil. The soybean combines 
all these three functions in one crop.
 “In every country of Arkansas some farmers grow 
soybeans, either alone or planted with corn or grain sorghum. 
A great majority of these cut the beans for hay, or turn the 
stock into the fi eld to eat the beans. A smaller number turn 
under the soybean plants as green manure to build up the 
humus and nitrogen content of the soil. Mostly acreages 
devoted to soybeans are in small units, and very few of the 
growers save their own seed.
 “On Grand Prairie, and in some sections of the Arkansas 
and Mississippi River Delta, farmers are growing beans for 
harvest and using them as a cash crop to supplement rice 
and cotton. Many rice farmers use the binder and thresher 
method, but there were at least thirteen combined harvester-
threshers in operation on Grand Prairie in the fall of 1935, 
mostly in Arkansas and Prairie counties.
 “The rice farmers have been at the commercial soybean 
business the longest and Stuttgart has become a nationally 
recognized source of planting seed. The estimated 1935 
acreage on Grand Prairie rice farm was 30,000 acres, of 
which about half was cut for hay or turned under, and the 
other half harvested for beans. The soybean fi ts into the rice-
land rotation as a crop to clean up the land from obnoxious 
weeds and grasses, hence the general practice is to plant 
in rows and keep cultivated. Commercial inoculations are 
almost universally used, in order to get the most benefi t of 
the nitrogen-storing bacteria.
 “The Rice Branch Experiment Station of the University 
of Arkansas College of Agriculture has conducted numerous 
experiments with soybeans. Based on a six-year average, the 
best bean for high quality fi ne-stemmed hay are Otootan, 
Laredo and Chiquita. Coarse-stemmed but making a good 
tonnage are the White Biloxi, Biloxi and Mamloxi. The 
Virginia variety has the merit of being early and of good 
quality, but has ranked nineteenth out of twenty-fi ve varieties 
in total hay produced over the period of 1930-35 inclusive. 
For bean production, high yielding honors go to Mamloxi, 
White Biloxi, Mammoth Brown, Delta 6677, Biloxi and 
Laredo.”

976. Revue Agricole de l’Afrique du Nord. 1936. La culture 
de soja [Soybean cultivation]. 34(865):131-32. Feb. 28. 
(Institut Agricole d’Algerie, Alger). [1 ref. Fre]
• Summary: Although it has been recommended [in Algeria] 
on several occasions, especially by Dr. Trabut, soybean 
cultivation has been given only limited trials here, and then 
mainly for production of forage. Certain varieties of soya 
yield a very nutritious forage whose composition approaches 
that of lucerne. But in East Asia large amounts of soybean 
seeds are used as a source of oil, fl our, a milk substitute, 
etc. In Algeria the soybean has not yet been used as food, 
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except in feeding pigs. The various types of soybeans 
and their cultivation is discussed. Soybean cultivation is 
now expanding in Europe; last year soya was grown on 
25,000 hectares in Romania. Soybeans have been grown 
successfully in Normandy, France. The results of these trials 
have been published by Guerpel in the Journal d’Agriculture 
Pratique (5 Oct. 1935); the importance of proper inoculation 
when planting for the fi rst time is emphasized.
 Because of the low price paid at European ports 
for soybeans grown in Manchuria, it seems that the 
cultivation of soya, intended for sale to oil mills, will not 
be remunerative in Algeria. But there would be interest in 
this country, especially in the irrigated areas, in growing 
soybeans for forage or for the seeds which could be fed to 
livestock. Address: Algeria.

977. Good Health (Battle Creek, Michigan). 1936. The world 
famine. 71(2):48-49. Feb.
• Summary: “For the four hundred millions of China and 
several other hundreds of millions in the Far East, that 
most marvelous of food plants, the soy bean, supplies an 
abundance of protein and fat of the fi nest quality, far superior 
to the proteins and fats of fl esh meats, and wholly free from 
the loathsome parasites, trichinæ, tapeworms, etc., and the 
fi lthy colon germs which swarm in fresh meats of all sorts.
 “From an economic standpoint, the soy bean offers 
not only a more than complete substitute for meats, but 
salvation from the great economic evils to which fl esh eating 
inevitably leads, evils so mischievous that they threaten 
destruction to the race by making the world uninhabitable.” 
“The soybean contains 40 per cent protein of higher quality 
than that of the choicest meats. Its easily soluble protein 
resembles that of milk, and is more easily and quickly 
digestible. The proteins of the soy bean are of the basic or 
alkali-ash sort, while those of eggs and meat are acid-ash and 
so tend to cause acidosis, an evil to which the physiologic 
chemists have for many years been calling attention. This 
makes the soy bean a curative food instead of a cause of 
disease.
 “In the market one can buy protein in the form of soy 
beans at one cent a pound, whereas protein in the form of 
meat costs from $1.00 to $2.00 a pound”
 The “soy bean also improves instead of impoverishing 
the soil. Its roots gather nitrogen from the air and so enrich 
the soil.
 “The soy bean, which in the Orient fi lls in the diet the 
place of fl esh, fi sh, fowl, eggs, milk, butter, and cheese, 
and suffi ces for infants as well as for adults, is beginning 
to receive some attention in this country. An excellent fl our 
is now being made which, added to ordinary wheat fl our, 
greatly improves the loaf in nutritive values, and at the same 
time improves its fl avor and keeping properties.
 “Condensed soy milk in tin cans is also now being 
made and various other most wholesome products, the use 

of which enables one, if he chooses to do so, to exclude all 
animal products from his dietary and not only without loss 
but with an actual gain.”

978. Kinney, E.J. 1936. Soybean project for 4-H clubs. Univ. 
of Kentucky College of Agriculture, Extension Div., Circular 
No. 94 (Revised ed.). 16 p. March. [7 ref]
• Summary: Contents: Objects. Requirements. Introduction. 
The kind of land to select. The question of fertilizers. The 
preparation of the seed-bed. When to plant. The choice of 
variety. Inoculate soybeans. Seeding operations. Cultivation. 
Harvesting soybean hay. Harvesting soybean seed. Threshing 
soybeans. Record of soybean project. Business account. 
Story of how I grew my soybeans.
 Sent to Soyinfo Center by the Univ. of Kentucky 
College of Agriculture. Address: Lexington, Kentucky.

979. Russell, John. 1936. The culture of the soya bean in 
England. J. of the Ministry of Agriculture (Great Britain) 
43(1):24-30. April. [4 ref]
• Summary: Cultivation of maize and the soya bean in 
England began at a relatively late date. “Much important 
work on selection and hybridization of these crops has 
been done by Professor W. Southworth, formerly of the 
Manitoba Agricultural College [in Canada], and now of 
the Rothamsted Experimental Station.” Some 30 years ago 
[about 1906-10] Professor [James] Hendrick tried to grow 
the soya bean at “Aberdeen [Scotland], using Manchurian 
seed; in the greenhouse a few plants grew and even fl owered, 
but they never produced seed, while in the open the seeds 
hardly germinated.
 “Further south, at Kingston and Kegworth in the 
Midlands, Mr. Golding obtained better results with 
Japanese seed, and indeed he used the plant for some of his 
pioneering investigations on nitrogen fi xation by leguminous 
plants, working with a culture supplied by Hiltner, then of 
Munich [Germany]. Although it was useful for laboratory 
investigations the crop held out little promise to the 
practical farmer. Similar negative results were obtained 
by Sir Rowland Biffen at Cambridge. A summary of these 
tests was given in this Journal in April, 1912 (p.33). A 
little later in the summer of 1912 and 1913, soya bean was 
tried at the Woburn experimental farm, but although the 
seed germinated satisfactorily and the plant grew, as in Mr. 
Golding’s experiments, only a few pools were produced, 
and it was clear that the varieties tested were useless to 
this country. Still further south, in the old Royal Botanic 
Society’s Gardens, Regent’s Park, Mr. J. L. North, the 
Curator, was more successful than any of his predecessors: 
he began in 1914 and within a few years was growing a 
number of varieties and found some that ripened seed ready 
for harvesting in September. A brown variety seemed so 
promising that by 1929 it was taken up for further trial by 
the National Institute of Agricultural Botany and by Messrs. 
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Sutton and Sons. Meanwhile Mr. North received other 
varieties from Professor McRostie, of Ontario [Canada], and 
these were included in his trials-but they all failed.
 “This brown variety had been obtained by Professor 
Southworth about 1916 at the Manitoba Agricultural College, 
and was fully tested and ready for distribution by 1922. It 
was a selection from Ogemaw, a hybrid between an early 
black and a dwarf brown variety produced by E.E. Evans 
at West Branch, Michigan, in the opening years of the 
present century. Like all hybrids, it is variable, and Professor 
Southworth’s selection differed in such important respects 
from the parent material that it was issued as a distinct 
variety under the name Manitoba Brown. This was sent to 
Mr. North and grown by him: he described it in the Quarterly 
Summary of the Royal Botanic Gardens, for April, 1929, as 
having ‘in the course of seven years’ trials here proved to 
be not only the most reliable cropper, but the earliest of any 
of the sixty varieties of soya tested by me for growth in this 
country for the last fourteen years.’ Although Mr. North gives 
no estimate of yields he quotes Messrs. Chivers’ estimate 
of 12 to 15 cwt. [1 cwt = hundredweight = 112 pounds] of 
grain per acre, and soya beans sold at that time at £13 per 
ton. Mr. North states also that the soya bean has been grown 
successfully in the Home Counties, Oxfordshire, Hampshire 
and the Channel Islands, but gives no fi gures of yields in any 
of these places. The National Institute of Agricultural Botany 
grew it in 1924, 1925, and 1926 from Mr. North’s seed, 
and each year had a fair crop of seeds: in 1928 large plots 
were grown and the yield was estimated at 900 lb. per acre 
without inoculation and 1,150 lb. per acre with inoculation. 
The results seemed so promising that half an acre was sown 
in 1929, but the plants ripened irregularly and produced little 
seed. The trial was then discontinued.”
 Mr. North continued his trials and “was fortunate in 
enlisting the sympathy of Mr. Henry Ford, who in 1932 
had purchased some 2,000 acres of agricultural land at 
Boreham in Essex and proceeded to sow some Michigan 
varieties of soya bean. These failed, but in the meantime 
Mr. Ford discovered Mr. North, who furnished him with the 
above variety and three others, and these have been grown 
since 1933... Meanwhile in 1932 Professor Southworth, 
the originator of the most successful of these varieties, had 
retired from the Manitoba Agricultural College and joined 
the Rothamsted Staff. He started growing his best selection 
at the Woburn Experimental Farm... Professor Southworth 
himself has been growing the crop both at Rothamsted and at 
Woburn since 1934.” Cultures for inoculating soya beans are 
obtainable from Messrs. Allen and Hanbury, 3 Colts Lane, 
Bethnal Green, London, E.2.
 Note 1. This is the earliest document seen stating that 
the soya bean was grown at Rothamsted, the world’s fi rst 
agricultural experiment station, established in 1843.
 Note 2. This document contains the earliest date seen 
for soybeans in Scotland, or the cultivation of soybeans in 

Scotland (About 1906-1910). The source of these soybeans 
is unknown (One of two documents).
 Note 3. This is the 2nd earliest document seen (March 
2010) concerning soybeans in the Channel Islands, or 
the cultivation of soybeans in the Channel Islands. This 
document contains the 2nd earliest date seen for soybeans 
in the Channel Islands, or the cultivation of soybeans in the 
Channel Islands (April 1936). The source of these soybeans 
was Mr. North. Address: Sir, D.Sc., F.R.S., Director, 
Rothamsted Experimental Station [England].

980. Smith, Robert A. 1936. Soy bean seed production 
in Michigan. Edison Institute of Technology, Bulletin 
(Dearborn, Michigan) No. 10. 17 p. April.
• Summary: Contents: Introduction. Climatic requirements. 
Soil requirements. Soil preparation. Selection of varieties 
(Manchu, Illini, Ito San, Dunfi eld, Mandarin, and Greenfi eld 
have been tested for 4 consecutive years–1932-1935; 
Greenfi eld gave the best average yield, 25.3 bu/acre). 
Inoculation. Time of planting. Rate of seeding. Depth of 
seeding. Methods of planting. Cultivation. Harvesting: 
Combine, binder, mower. Threshing. Storage of soy beans. 
Industrial products made from soy beans (in the laboratories 
of the Edison Institute).
 Industrial products can be made from either oil, meal, 
or stalks, as follows: “Soy bean oil: Enamels used on Ford 
bodies, house paints, varnishes, linoleum and oil cloth, 
printers ink, glycerin, fatty acids, soap, foundry sand cores, 
vegetable shortening, oleomargarine. Oil-free soy meal: 
Molded parts (horn buttons, gear shift knobs, distributor 
parts, light switch assembly, timing gears), glues and 
adhesives, water paints, core bonds, plywood glues. Soy 
bean stalks: Fibers–pressed boards, furfural.” Note: This is 
the earliest document seen (June 2011) that mentions Ford’s 
work using soy bean protein in water-based paints.
 “Soy beans were not grown extensively in Michigan 
as a seed crop until the last few years, when the Ford 
Motor Company became interested in their commercial 
possibilities and began growing them on a large scale. As a 
result considerable interest has been shown concerning their 
value as a Michigan crop and the methods to be used in their 
culture.”

981. Breedlove, L.B. 1936. Soy bean–The magic plant: Crop 
fi ts calendar of operations on grain growing farms. Article 
IV. Chicago J. of Commerce and La Salle Street Journal. 
June 9. p. 11.
• Summary: Contents: Introduction. Soil preparation as for 
corn. Inoculation necessary. Rate of seeding not important. 
Cultivation of plants. Curing of soy hay. Diseases are rare.
 “Soybean bacteria, more healthy in the acidic soils 
than in neutral or alkaline soils, live long enough–in fact 
longer than the bacteria of other legumes–to supply natural 
inoculation, provided that a crop of soybeans is grown every 
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fi ve to ten years.”
 Soybean varieties vary widely in seed size, ranging from 
1,250 to the pound for the large-seeded Hahto, to 9,600 for 
the tiny Barchet. The rate of seeding does not vary with the 
seed size.
 “For hay, soiling, or green manure soybeans are 
sown by means of drills. For seed or bean crops the beans 
are generally planted in rows 28 inches apart to provide 
suffi cient space for cultivation. For silage or pasture 
soybeans are often planted with corn in the jump hill or 
alternate hill method or may be planted in the same hills.”
 “The soybean plants provide the best quality of hay 
when the seeds are nearly half-developed. If the crop is cut 
earlier, the percentage of protein will be higher but total hay 
yield will be lower and the diffi culty of curing will be much 
greater. If cutting is delayed, however, the stems begin to 
get woody and hard–a process which moves rapidly–with 
consequent loss in palatability and feeding value.”
 “The combined harvester and thresher, or combine, has 
in recent years been extensively applied in harvesting of the 
soybean crop, especially in the chief producing states.
 “Diseases are rare: In Asiatic countries the soy max 
is affected by a large number of destructive diseases–the 
Orientals never attempted to study the diseases until fi fteen 
years ago when some of their youths began to return from 
our agricultural colleges–but as yet no disease of the plant 
has assumed any degree of economic importance in America. 
It is attacked by several fungus and bacterial diseases in 
the United States, even though the soy is far less affected 
by diseases than most forage or food crops grown in this 
country.”
 “Grasshoppers, beetles, leaf hoppers and green 
clover worms, who habitually feed on legumes, have no 
special liking for soybeans... But rabbits, and surprising 
woodchucks, have proved to be more modern in the ganging 
up to feed on the soya and, if such population is plentiful, the 
bean fi eld must be protected by close-net fences or the crop 
sprayed by an arsenical poison.”
 Note the use of the terms “soy max,” “the soy,” and 
“the soya” to refer to the soybean. Address: Staff member, 
Chicago Journal of Commerce.

982. Breedlove, L.B. 1936. Soy bean–The magic plant: Food 
for all farm livestock and excellent fertilizer. Article XII. 
Chicago J. of Commerce and La Salle Street Journal. June 
27. p. 11.
• Summary: Contents: Introduction. More than proteins 
necessary. Cheapest source of protein. Good for all farm 
stock (including poultry). Hay good rations for stock. Soya 
as a plant for foods (soybean meal as fertilizer).
 This article focuses on the use of soybean cake and 
meal in livestock feeding and as a fertilizer. “Poultrymen 
on the Pacifi c coast have used the imported soy bean meal 
for years and consider it a most excellent feed for fl esh and 

egg production, when combined with a mineral mixture. 
For many years proteins from an animal source have been 
thought to be superior to proteins from a plant source but 
poultry feeding tests of recent years indicate that there is no 
difference.”
 Soybean cake and meal are used as fertilizers primarily 
as a source of nitrogen, but they also contain some 
phosphorus and potash. “Stable manures average around 
10 pounds of nitrogen per ton of weight, 6 pounds of 
phosphorus and 12 pounds of potash. The composition of soy 
bean or the meal fertilizer exceeds these proportions per ton 
of weight.
 “The soy bean plant, like all leguminous plants, 
through the aid of root-tubercle organisms, are able to add 
to the available nitrogen of the soil and, therefore, are used 
extensively for restoring soil defi cient in that basic element.” 
In nitrogen-defi cient soil, the soybean plant “obtains about 
one-third of its nitrogen from the soil and the other two-
thirds–more than in the case of other legumes–from the air. 
However, if the soil has plenty of nitrates, the plant gets 
almost all its nitrogen from the air.”
 Table I gives “Analyses of soy beans [seed] and other 
concentrates” used to feed livestock, such as cottonseed 
meal, linseed meal (new process), wheat middlings, and 
wheat bran. Soy beans are high in protein and that protein is 
much more digestible than the protein in other seeds. Table 
II gives “Analyses of soy bean meal and other important oil 
meals.” Soybean meal contains the highest percentage of 
protein (44.65%), ahead of second place cottonseed meal 
(40.29%).
 Table III gives “Analyses of soy bean hay in comparison 
with other important hay crops.” Table IV gives the 
“Fertilizing constituents of soy beans, soy bean meal, and 
cottonseed meal.” The four constituents shown are nitrogen, 
ammonia, phosphoric acid, and potash. For each constituent 
except phosphoric acid, soybean meal is a richer source.
 Table V shows the “Fertilizing constituents of Midwest 
soy beans cut at [seventeen] different stages of growth,” 
from full bloom to seed mature. The nitrogen content is 
highest when the seeds are full grown but not mature (i.e. 
still green). The potash and phosphoric acid contents are 
highest when the seeds are mature (i.e. dry). Address: Staff 
member, Chicago Journal of Commerce.

983. Nicol, Hugh. 1936. The utilization of atmospheric 
nitrogen by mixed crops. International Review of 
Agriculture, Monthly Bulletin of Agricultural Science 
and Practice (International Inst. of Agriculture, Rome) 
27(6):201-16T. June; 27(7):241-46T. July. [85 ref]
• Summary: “Part I: Introduction: The so-called restorative 
effect of leguminous crops has been known since early 
Roman times. It was not until 1886–the date of Hellriegel, 
and Wilfarth’s announcement of their discovery of the 
part played by the leguminous nodule bacteria–that 
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an explanation of the effect of legumes in increasing 
the soil’s stock of nitrogen was available. However, a 
residual manurial value to following crops, is not the only 
contribution of legumes to soil enrichment. It is becoming 
increasingly clear that nodule-bearing plants are able, while 
alive, to place at the disposal of neighbouring plants, some 
part of that nitrogen which the nodule-bearer has built up 
from the air in symbiosis with nitrogen-fi xing bacteria. 
Utilisation of atmospheric nitrogen by cereals and other non-
legumes does not necessarily depend upon death or decay of 
the symbiotic plants.
 “The discovery made by Hellriegel and Wilfarth made 
a sensation; the news of it went through the agricultural 
scientifi c world as the fl ame of a torch goes through 
brushwood. In many places the discovery was taken up, 
examined, and confi rmed; and it immediately led to fruitful 
consequences. On the other hand demonstration of the 
benefi t derived by non-legumes from legumes was made 
not once, but several times, without the facts becoming 
well-known. Knowledge concerning the mechanism of the 
nitrogenous benefi t derived by a non-legume from a nodule-
bearing plant growing in proximity has been acquired and 
has been diffused with great slowness. The beginning of such 
knowledge can be traced back to 1892 at least, but not yet is 
it widely disseminated.
 “It may be left to the reader to decide for himself the 
reasons for the disparity in the rates of progress of the 
two ideas. Some part must be assigned to the fact that the 
discovery made by Hellriegel and Wilfarth was one for 
which the scientifi c world had been waiting, while the 
existence of a transfer of nitrogen from legume to non-
legume was suspected by few. This contrast in anticipations 
probably accounts for much of the disparity.
 “Ideas concerning the uptake of nitrogen by 
non-legumes from legumes have arisen, apparently 
spontaneously, in the minds of workers separated by notable 
distances of space and time...
 “Historical: The fi rst experiment that has been traced 
with a bearing upon the uptake, by a non-legume, of 
nitrogenous material derived from a legume is due to the 
Frenchman, La Flize, who worked at Rambouillet. His 
experiments were all performed in the fi eld, beginning in 
the autumn of 1887 and continuing until 1892 at least. His 
paper, published in 1892, contained a promise of a further 
communication, but none has been found by the author. All 
his experiments consisted of showing that a cereal (rye or 
barley) sown amongst leguminous plants (crimson clover (T. 
incarnatum) or vetches and peas) requires no added nitrogen 
and yielded a fair crop either of grain or of hay, if manured 
only with potash. basic slag, and gypsum. His fi rst sowings 
of crimson clover and rye, (the fi rst having been sown in 
the autumn of 1887), provide (so far is known), the only 
recorded examples of mixed-cropping experiments with an 
autumn-sown legume. All his mixtures were sown on the 

same two hectares...”
 Soy is mentioned on pages 204, 205, 244 (4 times), 245 
(4 times), and 249. Address: Botany Dep., Univ. of Glasgow 
[Scotland].

984. Bond, George. 1936. Quantitative observations on 
the fi xation and transfer of nitrogen in the soya bean, 
with especial reference to the mechanism of transfer of 
fi xed nitrogen from bacillus to host. Annals of Botany 
50(199):559-78. July. [18 ref]
• Summary: A large proportion (probably 80-90%) of the 
nitrogen fi xed by nodule bacteria diffuses into the host 
cytoplasm and is translocated to other parts of the plant. 
Storage of nitrogen by the organisms is small. Fixation of 
nitrogen is regarded as a form of respiratory activity rather 
than a stage in the synthesis of bacterial protein. The decline 
in nitrogen-fi xing activity with advancing growth of the plant 
may result from diminished supply of carbohydrate to the 
bacteria or to the accumulation of inactive organisms.
 Bond (1938, p. 61) “pointed out how some uncertainty 
existed as to the completeness of the fi gures presented, 
owing to the demonstration by Virtanen and his collaborators 
(see Virtanen, 1935, and Virtanen, von Hausen, and Laine, 
1937) that in some legumes, notably the pea (Pisum sativum 
L.), there may be a very considerable loss of fi xed nitrogen 
through the occurrence of leakage or excretion from the 
nodules into the rooting medium. In showing this Virtanen 
has confi rmed a belief held by some earlier investigators, 
especially Lipman (191 2), although the matter had been 
largely lost sight of until the appearance of Virtanen’s work. 
The experiments to be reported in the present paper were 
undertaken with the object of detecting and measuring any 
such excretion from nodules of soya bean under cultural 
conditions similar to those obtaining in the author’s previous 
experiments. In addition it is a matter of general botanical 
interest to obtain as much information as possible about 
this excretion from leguminous nodules, in view of the 
importance which the phenomenon may assume in mixed 
plant populations, wild or cultivated, in which legumes are 
included.” Address: Dep. of Botany, Univ. of Glasgow.

985. Miller, M.F. 1936. Cropping systems in relation to 
erosion control. Missouri Agricultural Experiment Station, 
Bulletin No. 366. July. 36 p.
• Summary: Soy is mentioned on pages 17-18, 23-24, 26, 
and 34.
 Page 17: “Crops allowing much erosion:... Many 
farmers think that because the soybean is a legume it is 
very benefi cial to the soil. This is true if it is grown on level 
lands, or in a manner which prevents erosion, and if it is then 
properly utilized by feeding it back on the land. However, 
where soybeans are grown in rows at corn planter widths, 
and cultivated, they allow practically the same amount of 
erosion as does corn. Under such methods on rolling land, 
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soybeans may do more harm than good. In other words, the 
nitrogen carried away in the eroded soil may be much greater 
than that added to the land by the nitrogen fi xing action 
of this crop. The following data from the experiments at 
Columbia bear on this point.”
 Table 7 gives a “Comparison of erosion from continuous 
soybeans vs. continuous corn, where the soybeans were 
followed by rye cover and the corn land left bare.” For the 
years 1924-27, continuous corn caused an average annual 
loss of 20.68 tons of soil per acre; soybeans caused 94.5% as 
much loss. For the years 1928-31 continuous corn caused an 
average annual loss of 21.46 tons of soil per acre; soybeans 
caused 43.7% as much loss.
 Summary: “3. When soybeans are sown in rows on 
rolling land this crop may cause so much erosion as to result 
in very serious soil losses. In such case the crop should 
be sown with a grain drill and if possible on the contour.” 
Address: M.S.A., Soils, Columbia, Missouri.

986. Umbreit, Wayne W.; Fred, E.B. 1936. The comparative 
effi ciency of free and combined nitrogen for the nutrition 
of the soybean. J. of the American Society of Agronomy 
28(7):548-55. July. [11 ref]
• Summary: Soybeans were grown under various conditions 
which modify the carbohydrate-nitrogen relation of the 
plants. It was shown that the preferred form of nitrogen 
for the nutrition of these plants changed with the available 
carbohydrate present. Four different situations are discussed: 
(1) Excessive carbohydrate; (2) Optimum carbohydrate-
nitrogen relation; (3) Near-optimum carbohydrate-nitrogen 
relation; (4) Defi cient carbohydrate.
 Conclusions:
 “(1) Under conditions which result in a balanced 
carbohydrate-nitrogen relation in the soybean plant, free 
nitrogen is the preferred form of nitrogen nutrition.
 “(2) Under conditions which result in an unbalanced 
carbohydrate-nitrogen relation in the plant, fi xed nitrogen 
is desirable, since this may enable plants to survive an 
unfavorable environment.
 “(3) Since the environmental conditions which produce 
plants with an unbalanced carbohydrate-nitrogen relation 
(high light intensity, drought, high carbon dioxide, or low 
light intensity, low temperature, short days) are the exception 
rather than the rule, it is probable that under fi eld conditions 
maximum yields would be obtained with inoculated 
soybean plants rather than those dependent on fi xed forms 
of nitrogen for their nutrition. Nevertheless, certain climatic 
or fi eld conditions are occasionally encountered which 
produce a plant with an unbalanced (excessive or defi cient) 
carbohydrate-nitrogen relation and the use of combined 
forms of nitrogen would accordingly be indicated.” Address: 
1. Research Asst.; 2. Prof. of Bacteriology. Both: Depts. of 
Agricultural Bacteriology and Agricultural Chemistry, Univ. 
of Wisconsin, Madison.

987. Business Week. 1936. Soybean sits pretty: Becomes so 
important that Chicago Board of Trade may establish futures 
trading. Aug. 8. p. 21-22.
• Summary: “The soybean is advancing so rapidly in 
importance among American Farm products that the Chicago 
Board of Trade is considering the establishment of soybean 
futures trading.” Note: Soybeans were soon admitted by the 
CBOT. The fi rst transaction, in October 1936, was for 5,000 
bushels at $1.20.
 “Prime mover in the industrial development of soybeans 
has been Henry Ford and the Farm Chemurgic Council, 
which he sponsors. Not only has he found a multitude of 
uses for soybean products in the Ford car, but he has been 
instrumental in increasing use of it for human consumption. 
Latest fi gures show use of 560,000 bu. of soybeans in the 
production of a million Ford cars (more than ½ bu. per car).”
 The soybean is used in certain soaps, and it is a fairly 
good drying oil for use in paints (11,000,000 lb in paints 
last year) and varnishes, with an iodine value of about 136 
compared with 185 for linseed oil. “The oil is used in lard 
substitutes, margarin [margarine] and cooking oils, bakery 
goods–to mention but a few of a growing list. The familiar 
soya sauce for chop suey is an ancient product of the plant.”
 “Factors responsible for the sharp increase in 1935 
acreage to 2,691,000 from 1,511,000 in 1934 included the 
AAA [Agricultural Adjustment Administration (USDA)] 
restrictions on production of other grains and the growing 
realization by farmers that soybeans are valuable as a source 
of nitrogen for land and suitable for rotating purposes.” The 
competition of soybean oil with tung oil is discussed.

988. Kaltenbach, D.; Legros, J. 1936. Soya: Selection, 
classifi cation of varieties, varieties cultivated in various 
countries: Oceania (Document part). Monthly Bulletin of 
Science and Practical Agriculture (International Institute of 
Agriculture, Rome) 27(8):294T-97T. Aug.
• Summary: “1. Commonwealth of Australia: A. Southern 
Australia. Apart from a very few trial plots, soya growing is 
not practised in this State as the conclusion has been reached 
that local climatic and soil conditions are not suitable for this 
crop.
 “B. New South Wales. Several years ago, the 
Department of Agriculture tried to introduce soya into the 
agricultural economy of the State, either as a green manure 
or forage or for the multiple uses of the seed. During the 
last 20 years, numerous varieties have been introduced and 
many trials have been carried out in all parts of the country. 
Generally speaking, the results were not satisfactory and 
efforts to introduce soya into the economy of the country 
were not successful. The growth of the soya plant was very 
poor and the yields in seed low. One of the reasons why soya 
does not succeed seems to be the absence of the bacteria 
of root nodules in the soil of this State. Utilised as a spring 
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green manure, soya is inferior to cow peas in the coastal 
regions. In the Table-lands soya cultivation appears to give 
better results.
 “C. Queensland. Soya has been grown experimentally in 
this country for a great number of years, but the results were 
more or less negative and the areas now cultivated with soya 
are almost negligible.
 “A few very tall varieties, such as Biloxi and Otootan, 
have proved to be suitable as forage, but they have not 
been adopted by farmers, who obtain forage more easily in 
cultivating cow peas or other leguminous plants.
 “Trials in inoculating soya seeds do not appear to have 
given any results though other trials should be carried out 
in the agricultural districts before this crop can be said to be 
quite unsuited to this State.
 “The internal market for soya and its derivatives is 
limited as it is supplied by imports from Manchuria and 
Japan.
 “Owing to the abundant production of all kinds of feeds 
for live-stock, the use of soya will be diffi cult to establish 
unless it is utilised in crop rotation with cotton or maize.
 “D. Victoria. No systematic attempts have yet been 
made to introduce soya growing into this State. Various trials 
previously made for experimental purposes showed that this 
crop was not of suffi cient economic interest to replace the 
existing crops of leguminous plants.
 “In 1933, however, the Department of Agriculture 
undertook a series of trials in soya growing in East 
Gippsland...
 “Imports into Australia are of no great importance. 
In 1932-1933, 40,808 gallons of soya [soy sauce] were 
imported; value £1778. Of these imports 90% came from 
China. During the same period 12 tons of seed were imported 
from Japan; value £148.
 “3. New Caledonia. Soya cultivation was introduced 
in 1928. No native varieties are grown, only foreign 
varieties, seeds of which were introduced on two occasions 
by the Chamber of Agriculture and the Administration. 
The principal variety is Soja hispida. Medium yields are 
obtained. There appears to be no future for soya as New 
Caledonia is abundantly provided with similar products 
which are in current use.”
 Note: This is the 2nd earliest document seen (Dec. 2014) 
concerning soybeans in New Caledonia, or the cultivation 
of soybeans in New Caledonia. This document contains the 
2nd earliest date seen for soybeans in New Caledonia, or the 
cultivation of soybeans in New Caledonia (1928). The source 
of these soybeans is unknown. The history and present status 
of the cultivated soybean, Glycine max is unclear. Address: 
Rome, Italy.

989. Nitragin Company, Inc. (The). 1936. 5 features that 
insure superior inoculation (Ad). Proceedings of the 
American Soybean Association p. 23.

• Summary:  See next page. This full-page black-and-
white ad states: “1. Controlled mass production by patented 
process and equipment... 2. More effective strains of legume 
inoculants, developed by continual isolation, propagation, 
testing, and proving... 3. Carefully supervised fi eld tests 
further determine effectiveness of various Nitragin strains... 
4. Most practical vehicle. The moist humus medium used 
to carry Nitragin inoculants from laboratory to legume... 5. 
Fully protective policy. Every batch of Nitragin is given a 
bacterial count, and its purity verifi ed. The minimum number 
of bacteria is plainly printed on each can. The date on the 
can and the exchange policy protect both farmers and dealers 
against stale stock.
 “Established 1898. The original legume inoculator. 
Nobbe-Hiltner process. Trade Mark Reg’d Dec. 6, 1898. No. 
32212. Restores and maintains soil fertility. Always reliable. 
Nitragin is the oldest and most widely used inoculator in 
America.”
 Small photos show: (1) Five different sized cans of 
Nitragin. (2) Fermentation tanks inside a factory. (3) A 
greenhouse with many pots on tables attended by two white-
robed scientists. (4) Two pots side by side; one contains 
a thriving inoculated soybean plant, the other a stunted 
uninoculated plant. (5) A fi eld of soybeans. The right 
side, which has been inoculated with Nitragin, is growing 
well; the left side, inoculated with a another culture, is not 
growing very well. Address: 3747 N. Booth St., Milwaukee, 
Wisconsin.

990. Proceedings of the American Soybean Association. 
1936. High spots in soybean culture. p. 60. 16th annual 
meeting. Held 14-16 Sept. in Iowa.
• Summary: Discusses briefl y the six most important points 
to consider when growing soybeans. 1. Select the right 
variety. 2. Prepare the seed bed thoroughly and destroy 
weeds. 3. Inoculate with a reliable culture. 4. Plant at an 
adequate seeding rate to permit some thinning of the stand 
later. 5. Plant shallow–not more than one inch deep under 
most conditions. 6. Cultivate to break a crust if one has 
formed before the beans are up, and to destroy weeds while 
they “are in the white.”
 “Bulletins covering the above points in detail are 
available from State Experiment Stations.”

991. Suro Picó, Alfonso. 1936. Algunas indicaciones sobre 
el cultivo y la utilization de las habas soyas [Some remarks 
about the cultivation and utilization of soybeans]. Agricultor 
Venezolano (El) (Ministerio de Agricultura y Cria, Caracas) 
1(5):26-27. Sept. [Spa]
• Summary: Contents: Climate. Soils. Preparation of the 
soil. Methods of planting. Distance between seeds. Quantity 
of seeds. Depth of planting. Inoculation. Fertilizer and soil 
amendments. Cultural cautions.
 Utilization: As human food. As a forage or feed for the 
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various types of livestock and poultry. As green manure 
(abono verde). A large black and white photo shows a fi eld of 
soybean plants, apparently in Caracas, Venezuela. Address: 
Agronomist, Ministry of Agriculture and Husbandry 
[Venezuela].

992. Urbana Laboratories (The). 1936. Inoculate soy beans 
with Urbana Culture: Superior legume inoculator (Ad). 
Proceedings of the American Soybean Association p. 52.
• Summary: This same full-page ad appeared in the 1935 
ASA Proceedings (p. 2). Address: Urbana, Illinois.

993. Hartz, Jacob. 1936. Arkansas’ new money crop: Soy 
bean farming shows startling growth in the Rice Belt in past 
decade. In: 1936. Eleventh Annual Arkansas Rice Carnival, 
October 21-22-23, 1936. Stuttgart, Arkansas. See p. 71-72.
• Summary: “In the spring of 1925 when the Hartz-Thorell 
Supply Company and the Peoples National Bank gave 
away to their Farmer Customers twenty bushels of Laredo 
Soy Beans, at a cost of six dollars a bushel, little did they 
think that they had started a new crop movement that today 
promises to be the secondary money crop of the Rice Belt.
 “Through the follow-up efforts of the Hartz-Thorell 
Company in acquainting the farmers of the Rice Belt with 
the proper cultural methods to be used in growing soy beans, 
as well as the varieties to grow, the acreage has grown very 
fast; and it is now estimated that the 1936 crop comprises 
between fi fty and sixty thousand acres. You can realize from 
this the startling growth that this crop has had in such a short 
period of time.
 “Soy beans are recognized as being the most profi table 
clean-up crop for our rice lands. When the crop is properly 
cultivated, it will eradicate our bad water grasses, build up 
the soil, and at the same time has proven to be a profi table 
money crop.”
 “Another recent development directly attributed to the 
expansion of the soy bean crop is the erection of a fi ve-story 
seed plant and elevator now under the course of construction, 
in our own city by the Hartz-Thorell Supply Company, at 
a cost of $24,000. This plant is being constructed for this 
fi rm’s fast growing soy bean seed business and should assure 
the farmers of the Rice Belt a stable market for their soy 
bean crops.
 “Very valuable assistance has been rendered to our 
farmers in the development of the soy bean crop in the 
Rice Belt by the good cooperation of G.H. Banks, Assistant 
Director of the Rice Branch Experiment Station. The work 
carried on by the Station in soy beans has been very nearly 
as extensive as their rice work, and much valuable soy bean 
data has been gathered together by the Station in the past six 
years, and this information may be had for the asking.”
 Photos (p. 71) show: A fi eld of irrigated soy beans 
with water standing between the rows. Three tractor-pulled 
combines in a fi eld combining soy beans. On page 72, titled 

“Offi cials 1936 Rice Carnival,” are portrait photos of Jacob 
Hartz and A.R. Thorell.
 Note 1. This is the earliest document seen (Oct. 2013) 
that mentions Laredo soybeans in connection with Jacob 
Hartz Seed Co. We fi rst learn in 1980 that these Laredo 
soybeans were purchased from a producer in Illinois.
 Note 2. The Foreword to this program book states 
that the fi rst Arkansas Rice Carnival was held in Stuttgart 
(located in the “heart of the Rice Belt”) in 1909, when the 
rice growing industry there was only about fi ve years old. 
“In 1929 the idea was abandoned, due to the depression 
and this year is the fi rst revival since that date.” A page 
titled “Offi cers–Arkansas Rice Carnival Association 
(Incorporated)” shows that Jacob Hartz and A.R. Thorell, 
both of the “Hartz-Thorell Supply Co.,” were among the six 
directors of the Association.

994. Luedecke, H. 1936. Einfl uss der Duengung 
einschliesslich Impfung und Wirkung der Spurenelemente 
auf Ertrag und Beschaffenheit der Sojabohne [Infl uence of 
manurial treatment, including inoculation and the action 
of trace elements, upon soybean yield and composition]. 
Forschungsdienst 2(11):558-68. Dec. 1. [49 ref. Ger]
• Summary: After the premier in this year of the imperial 
state stand (Reichsnaehrstand) for the promotion of soybean 
cultivation in Germany a price guarantee in the amount 
of RM 32 per double zentner (100 kg) from station of the 
farmer is fi xed. Address: Bernburg, Germany.

995. Annual Report for the Minister for Agriculture (Irish 
Free State / Ireland). 1936. Seed propagation division. 5:71-
74. For 1935-36.
• Summary: The subsection titled “Soya Beans” (p. 74) 
states: “Experimental sowings of four varieties of Soya 
Beans–Green Jap, Brown C, Yellow J, and Black O, were 
made at eight centres in 1935. The seed, portion of which 
was inoculated, was sown about the 1st of May in rows 
approximately 3 feet apart. All four varieties germinated 
evenly and quickly, and grew freely throughout the summer. 
Two of the varieties, Green Jap and Brown C, ripened in 
reasonably good season. The other two varieties, however, 
were very slow in maturing.”
 Note 1. We read in 1939 (in a later Irish report) that 
the seed of these “four varieties, acclimatised in England, 
was obtained through the courtesy of Fordson Estates Ltd., 
London.”
 Note 2. This is the 2nd earliest document seen (Dec. 
2009) concerning the cultivation of soya beans in Ireland 
(the Irish Republic).
 Note 3. At the top of the title page is written: “Saorstat 
Eireann:
 “An Roinn Talmhaiochta–Department of Agriculture.”

996. Reid, James Johnston. 1936. The infective ability 
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of rhizobia of the soybean, cowpea, and lupine cross-
inoculation groups. PhD thesis, University of Wisconsin. 206 
p. *
Address: Dep. of Agricultural Bacteriology, Univ. of 
Wisconsin, Madison.

997. Doolas, George Z. 1936. Nodulation and growth 
of soybeans as infl uenced by calcium and hydrogen-ion 
concentration in Putnam silt loam soil. Thesis, University of 
Thessalonica. 48 p. [Gre; eng]*
• Summary: Concludes that soybeans are diffi cult to grow 
on Putnam loam soil because of the low pH rather than 
the calcium level per se. since the reduction of acidity 
with sodium hydroxide (a strong base) was as effective as 
reduction with calcium oxide or calcium acetate. Address: 
Univ. of Thessalonica, Greece.

998. Horner, Glenn M. 1936. Relation of the base saturation 
of a colloidal clay by calcium to the growth, nodulation and 
composition of soybeans. PhD thesis, University of Missouri. 
36 p. Also published as Missouri Agric. Exp. Station, 
Research Bulletin No. 232. Jan. 1936. 36 p. [10+ ref]*
• Summary: Growth of the plants is examined in 
electrodialyzed clay to which had been added varying 
proportions of calcium hydroxide. In these clays the total 
growth, nodulation, nitrogen fi xation, and calcium absorption 
increased with the total calcium available at a constant 
degree of saturation, and with the degree of saturation when 
the available calcium was constant. Addition to the clay 
of barium, magnesium, or potassium as a supplement to 
calcium produced the same general tendency. Supplementary 
addition of methylene-blue (MB) almost eliminated effects 
due to variations in calcium saturation. Hydrogen ions 
excreted by roots was probably unable to exchange with 
the MB cation and its entire displacing power was utilized 
in replacement of calcium. The growth and nitrogen-fi xing 
activities of legumes were closely related to the calcium 
present in the plant, and this in turn depended on the calcium 
available and the degree of saturation of clay with calcium. 
Address: Univ. of Missouri, Columbia, MO.

999. Hutchings, Theron B. 1936. Relation of phosphorus to 
growth, nodulation and composition of soybeans. PhD thesis, 
University of Missouri. 46 p. Also published as Missouri 
Agric. Exp. Station, Research Bulletin No. 243. Aug. 1936. 
46 p. [30 ref]
• Summary: “Introduction: Phosphorus has long been 
assigned a key position in plant and animal nutrition. 
Its function in carbohydrate metabolism and its role as 
a constituent of nucleic acids associate it with vital cell 
processes. Many soils that may not seem defi cient in 
phosphorus according to chemical tests still give a crop 
response when phosphorus is applied and other fertility 
conditions are adequately fulfi lled. Legumes are particularly 

responsive to applied phosphorus. Experiences with clover 
on phosphate fertilized wheat testify of this fact. It would 
seem essential then, to give some attention to the effect 
of phosphorus on nodulation, growth and composition of 
legumes. The relation of nitrogen and phosphorus in protein 
synthesis would suggest a correlation between phosphorus 
applied and nitrogen fi xed. The high calcium content along 
with the relatively high phosphorus content of legumes has 
prompted many investigators to consider this as a possible 
causal relationship. Much of the data obtained are suggestive 
of similar and other relationships which are in need of 
interpretation.
 “Recent investigators have done much to elucidate 
the complex physico-chemical phenomena associated with 
the behavior of phosphorus in soils. Their approach to the 
understanding of its behavior from the colloidal view point 
offers great promise for a better understanding of these 
phenomena, especially with reference to the plants’ use 
of phosphorus. However, the infl uence of calcium on the 
phosphorus-clay linkage is still not fully explained. The 
work reported herein is an attempt to study the infl uence 
of phosphorus on growth, nodulation and composition of 
soybeans by the use of colloidal clay as a carrier for the 
nutrients in the hope that such studies might contribute 
to our understanding of the physiological behavior of the 
phosphorus-calcium-colloidal clay complex toward the plant 
in its growth, nodulation and nitrogen fi xation.” Address: 
Univ. of Missouri.

1000. Institut International d’Agriculture (International 
Institute of Agriculture). 1936. Le soja dans le monde [The 
soybean in various countries of the world]. Rome, Italy: 
Imprimerie de la Chambre des Deputes, Charles Colombo. 
viii + 282 p. Bibliography, p. 276-82. No index. 25 cm. [90 
ref. Fre]
• Summary: A superb early work, containing extensive 
original information, looking at developments with soybeans 
and soyfoods country by country, worldwide.
 Contents. Preface (p. 1). A. Cultivation of soy (soja; 
p. 4): 1. Botanical description, selection, classifi cation of 
the varieties. 2. Cultivation properly said. 3. Enemies and 
illnesses.
 4. Cultivation in the various countries: 4a. The Americas 
(p. 38): Antigua, Argentina, Bermuda, Brazil, Canada, Chile, 
Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, 
USA (gives details on all varieties grown, and describes 
production, history, varieties, and cultural practices in North 
Carolina, Illinois, Indiana, Iowa, Maryland, Massachusetts, 
Mississippi, Missouri, New York, Ohio, West Virginia, 
Wisconsin, Conclusion), Guadeloupe, Guatemala, British 
Guiana, Dutch Guiana, British Honduras [Belize], Jamaica, 
Barbados, Martinique, Mexico, Montserrat, Peru, Puerto 
Rico, El Salvador, Trinidad and Tobago, Uruguay.
 4b. Europe (p. 101): Germany, the Danubian countries, 
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Austria, Spain, France, Great Britain, Hungary, Italy, 
Netherlands, Poland, Romania, Switzerland, Czechoslovakia, 
Turkey, USSR.
 4c. Asia (p. 128): Ceylon, China and Manchuria, 
Cyprus, Federated States of Malaysia, British India (incl. 
Punjab, Bihar and Orissa, Burma, Berar, Madras Presidency, 
Bombay Presidency, Bengal (incl. Nepal, Bhutan, Sikkim, 
and the district of Darjeeling), Assam, North-West Frontier 
Province, United Provinces), Netherlands Indies, Indochina 
(incl. Tonkin, Annam, Laos, Cambodia, and Cochinchine), 
Japan, Palestine, Siam.
 4d. Africa (p. 146): French West Africa, Algeria, Belgian 
Congo, Cyrenaica, Egypt, Eritrea, Madagascar, Morocco, 
Mauritius (Ile Maurice), Reunion (Réunion), Rhodesia, 
Anglo-Egyptian Sudan, Tripolitania, Tunisia, Union of South 
Africa.
 4e. Oceania (p. 153): Australia, Fiji Islands, Hawaii, 
New Caledonia, New Zealand, Philippines.
 B. Utilization of soya (p. 158): 1. The soybean in human 
nutrition and in industry: Whole soybeans, chart of the uses 
of whole soybeans, use of soya in the green state (green 
vegetable soybeans), soy sauce (dau-tuong of the Annamites, 
or toyo, named shoyu by the Japanese, or chau-yau or chiang 
yoo by the Chinese), condiments and sauces based on soya 
in the Netherlands Indies (tempe, ontjom, tempemori and 
tempe kedele [various types of tempeh and onchom, p. 168-
70]), tao tjo [Indonesian-style miso], tao dji [fermented 
black soybeans], ketjap, ketiap benteng [Indonesian-style 
soy sauce], soymilk (le lait de soja), yuba (crème de lait 
de soja), tofu (le fromage de soja) and fermented tofu (des 
fromages fermentés, made by Li Yu-ying near Paris), soymilk 
casein (caséine du lait de soja, for industrial use, including 
vegetable albumin, or galalithe [galalith]” [isolated soy 
protein], and artifi cial wool), soy lecithin (lécithine de soja), 
soy fl our (la farine de soja, incl. soy bread, soy pastries, and 
soy cocoa).
 Note 1. This is the earliest document seen (Sept. 2010) 
that uses the term benteng or ketiap benteng to refer to an 
Indonesian-style soy sauce.
 2. Soy oil (p. 194): Food uses, industrial uses (including 
soaps, products resembling petroleum, paints, varnishes, 
linoleum, and artifi cial rubber), extraction, directory of 
U.S. manufacturers of materials and equipment for soybean 
processing, directory of U.S. and Canadian manufacturers 
of food products based on soya (produits alimentaires à 
base de soja, p. 205-06), directory of U.S. manufacturers of 
industrial soy products (p. 206-07).
 3. Soybean in the feeding of domestic animals (p. 207): 
Forage, hay, silage, pasture, soybean seeds, the minerals in 
soybeans, soya as a feed for dairy cows, cattle, buffaloes, 
sheep, hogs, horses and mules, poultry.
 4. Use of soya as fertilizer (p. 257). C. The trade of soya 
and of its by-products (p. 363): Production of soybeans in 
the principal countries, economic importance of soybean 

cultivation in the USA, soybean trade/commerce including 
tables of the major importers and exporters, and amounts 
traded annually in 1931-1934, price of soybeans, cost of 
production.
 List by region and country of people and organizations 
that responded to a questionnaire sent by IIA (p. 273-76). 
Bibliography of main publications consulted, listed by region 
and country of publication.
 Reunion (Ile de la Réunion): “The soybean (Le Soja) 
is only cultivated as an experimental crop, on a few square 
meters at the agronomic station” (p. 148).
 Fiji (Iles Fidji): Soybean cultivation is not yet practiced 
in this colony; however soybean seeds are currently being 
imported in order to conduct a trial.
 New Caledonia: In 1928 soybean cultivation was 
introduced to New Caledonia.
 Note 2. This is the earliest document seen (Dec. 2007) 
concerning soybeans in Bhutan, Costa Rica, Dominican 
Republic, El Salvador, Guatemala, Israel, Jamaica, 
Madagascar, Morocco, New Caledonia, Palestine, Peru, or 
Réunion, or the cultivation of soybeans in Bhutan, Costa 
Rica, Dominican Republic, El Salvador, Guatemala, Israel, 
Jamaica, Madagascar, Mexico, the Middle East. Morocco, 
New Caledonia, Palestine, Peru, or Réunion. It is also the 
earliest document seen (Dec. 2007) concerning soybeans 
in connection with (but not yet in) Cyprus; it is stated that 
soybeans are not grown on the island of Cyprus. Soybean 
cultivation is not practiced in the Italian colonies of Eritrea 
(Erythrée, now part of Ethiopia) or Cyrenaica (Cyrénaïque, 
now part of Libya).
 Note 3. This document contains the earliest date seen 
for soybeans in Bhutan, New Caledonia, or Réunion, or the 
cultivation of soybeans in New Caledonia (1928), or Bhutan 
or Réunion (1936) (One of two documents).
 Note 4. This is the earliest French-language document 
seen (Sept. 2011) that mentions tempeh, which it calls 
“tempe” (p. 168). It notes that, in general, the indigenous 
people of the Netherlands Indies use soybeans mainly to 
make tempe, a product which, throughout central and eastern 
Java, takes the place reserved for ontjom in western Java. 
Tempeh is found in two forms: either in large fl at cakes 
which are cut at the time of sale into small square morsels, 
or wrapped in folded banana leaves. A detailed description of 
the preparation of each of these two types of tempeh is given 
as well as another type of tempe, called tempemori, which is 
made with soybeans and coconut presscake.
 Soybean cultivation is not known to be practiced in the 
following countries or colonies: Antigua, Barbados, British 
Honduras (renamed Belize in about 1975), Trinidad and 
Tobago.
 Note 5. The name “Georges Ray” is mentioned in this 
book on an unnumbered page. Address: Rome, Italy.

1001. Kale, F.S. 1936. Soya bean: Its value in dietetics, 
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cultivation and uses. With 300 recipes. Baroda State, India: 
F. Doctor & Co. xxxi + 375 p. Illust. Index. 22 cm. 2nd ed. 
1937. [75 ref]
• Summary: Contents: Preface. 1. Defi ciencies in the Indian 
diet and soya bean as a means to rectify them. 2. History of 
the origin and growth of soya bean. 3. The use of soya bean. 
4. World trade in soya bean. 5. Botany of the soya bean plant. 
6. Classifi cation of soya bean. 7. Cultivation of soya bean. 8. 
Diseases and pests of soya bean. 9. Cultivation of soya bean 
in India. 10. The constituents of soya bean. 11. Soya bean 
milk. 12. Soya bean fl our. 13. Industrial uses of soya bean. 
14. Enriching soil by addition of nitrogen and use of soya 
bean as fodder. 15. Food requirement of the human body. 
16. European and American soya bean recipes. 17. Diabetic 
dishes, Mahatma Gandhi’s experiments at Magan Wadi and 
opinion of scientists on soya bean. 18. Chinese and Japanese 
soya bean dishes. 19. Indian soya bean dishes: Hindustani 
dishes, Moglai dishes, Gujarati dishes, Maharashtrian dishes, 
Bengali dishes, Goa dishes, Tanjore dishes. Appendix.
 For a more detailed table of contents and summary of 
the work, see the 2nd edition (1937).
 Photos on unnumbered pages show: (1) Color photo 
(at front of book just before the Preface) His Highness the 
Maharaja Sir Sayaji Rao Gaekwad of Baroda, Royal Farmer, 
who takes keen interest in Soya Bean. (2) H.H. the Maharaja 
Gaekwar of Baroda the fi rst Indian ruler to inaugurate the 
soya bean planting ceremony in his state–24 Nov. 1933. (2) 
H.H. The Maharaja of Baroda, seated in a chair, lecturing on 
the dietetic and industrial importance of soya bean. (3) The 
mature soya bean pods of Mammoth Yellow variety grown 
in Baroda territory. (4) Map of Baroda state showing areas 
of soya bean cultivation. (5) Map of Baroda state showing 
local distribution of soya bean. (6) A fi eld of soya bean in 
rows grown by Patel Hargovan Bavabhai of Achisara Baroda 
District (with two white bullocks) who has been awarded the 
fi rst prize for his good cultivation. 
 (7) Bavabhai B. Patel, a farmer age 65 who is interested 
in cultivation of soya bean; dressed in white, he is standing 
in a fi eld of soya beans behind two large white bullocks. (8) 
The author’s own child, three months old, fed on soya bean 
milk. 
 (9) Mahatma Gandhi who uses soya bean at 
Maganwadhi; he is seated in a chair reading.
 Note 1. This is the earliest English-language document 
seen (Sept. 2006) that uses the term “soya bean” in a new 
way–as a singular noun, like the words “corn” or “wheat,” 
not preceded by “the.” Examples: “2. History of the origin 
and growth of soya bean. 3. The use of soya bean. 4. 
World trade in soya bean... 6. Classifi cation of soya bean. 
7. Cultivation of soya bean. 8. Diseases and pests of soya 
bean.” This usage originated in developing countries.
 Note 2. This book was written as the princely state of 
Baroda was studying the possibility of growing the soya 
bean plant for food, feed, and fodder. It looked promising, 

but little headway was actually made in either production or 
utilization.
 Note 3. The author’s name is pronounced KAL-ay, not 
KAYL (rhymes with tail or sail). Address: Food Survey 
Offi cer, Baroda State, India.

1002. Mumford, H.W. 1936. A year’s research at Illinois. 
Illinois Agricultural Experiment Station, Annual Report 
48:1-331. For the year ended June 30, 1935.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crop investigations: Soybean 
hay and seed yields sensitive to soil fertility (p. 27-29; 
Two bar charts show the dramatic effects of soil treatments 
on yields. Seed yields are highest when the soil is treated 
with R = residues, L = limestone, and P = rock phosphate. 
Soybeans are more acid-tolerant than most of the widely 
grown legumes. Nitrogen is usually defi cient in acid soils). 
Soybean acreage sets new record in crop adjustments (p. 
40-41; In 1934, for the fi rst time in history a single legume 
occupied more than a million acres of farm land in Illinois; 
soybeans occupied only 1,000 acres in 1914 in Illinois. The 
10 varieties with the highest seed yields (in bushels per 
acre) at Urbana in 1934 were: Type 117, 38.1. Manchuria 
13-177, 36.4. Mansoy, 36.3. Scioto, 34.9. A.K. 125, 33.9. 
04002-B, 33.4. Illini, 33.2. Macoupin, 32.7. A.K. 146, 
32.0. Manchu, 31.5). Work for better soybean varieties is 
continued (p. 41-43). Susceptibility to nodulation inherited 
characteristic (p. 43-44; “The Peking soybean variety shows 
scanty nodulation, whereas Illini is abundantly nodulated”). 
Quality of inoculant outweighs its ease of application [in 
affecting yields] (p. 44; Those “recommended for use with 
water were superior to those designed to be used dry”). 
Experiments keeping pace with interest in new crops (p. 
69-72; “Investigations on the use of soybean oil for paint 
purposes have been continued with satisfactory results”).
 Livestock investigations: Home-grown proteins being 
brought into wider use (p. 78-79; “Discovery that soybean 
oil meal and animal tankage can be used successfully in 
fattening cattle has made considerable in the protein buying 
habits of Illinois farmers. Formerly all standard protein 
concentrates used for balancing beef-cattle rations were 
produced mainly outside the corn belt”). Tankage proves 
satisfactory supplement for steers (p. 81-83; Ordinary steam-
rendered tankage is less palatable and less digestible that dry-
rendered tankage, or meat scrap. Rendering is the process 
that converts waste animal tissue into stable, value-added 
materials, including fats such as lard and tallow). Lespedeza 
hay equals alfalfa for feeding steers (p. 83-86; In this test, 
soybean hay was slightly inferior to alfalfa- or lespedeza 
hay). Soybeans found richer in certain vitamins than corn 
(p. 90-91; vitamins A, B, and G were tested). Supplemented 
[corn] silage equal to soybean hay for sheep (p. 118-20). 
Soybean meals are compared further for chick feeding (p. 
128-30).
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 Entomology investigations: Prompt control halts 
insect threat to soybean crop (p. 159-60; Cutworms and 
armyworms caused heavy damage, but were controlled by 
poisoned bait).
 Agricultural economics investigations: Accounting 
studies show ways to reduce farm costs (p. 200-02; net 
profi t per acre in 1932, 1933, and 1934 is given for soybeans 
{harvested with a combine}, soybeans {threshed}, and 
soybean hay. Farmers lost money on all three in 1932 
and 1933, but made a profi t on all 3 in 1934). Demand is 
one of the factors affecting [soy] bean prices (p. 218-19; 
“Production of soybeans in Illinois and also in the United 
States in 1934 was the highest on record, owing largely to 
the AAA {Agricultural Adjustment Act of 1933, which paid 
farmers to reduce crop acreage} programs and to the severity 
of chinch bug damage”).
 Home economics investigations: Best varieties of 
soybeans for food being located (p. 298-300; There “is a 
rapidly expanding list of manufactured food products made 
of or containing soybeans,–that is, soybean fl our, oil, and 
milk.” About 35 “varieties of soybeans which are known 
as vegetable types have been used and compared with the 
so-called commercial types.” “The beans while immature 
all had a vivid green color which makes them a very 
promising fresh vegetable.” Some varieties, such as Illini, 
are very acceptable as a garden vegetable in both the green 
and mature states. Freedom from shattering in the fi eld is 
probably directly connected with diffi culty of shelling the 
beans in the green state). Address: Dean and Director of the 
Station, Urbana, Illinois.

1003. North, James L. 1936. Introductory chapter. In: 
G.D. Gray. 1936. All About the Soya Bean: In Agriculture, 
Industry and Commerce. London: John Bale, Sons & 
Danielsson Ltd. 144 p. See p. 1-9.
• Summary: This is the story of early attempts by Dr. North 
and others to grow soybeans in England. “In 1913 chance put 
in my hands thirteen small seeds of a variety of soya bean 
said to have come from North China in 1910 and to have 
ripened pods in Germany for two successive years. Sown by 
me the following May the plants grew to a height of 1½ feet 
and ripened seed in October. This took place at the Gardens 
of the Royal Botanic Society, of which I was then Curator. I 
was aware that of the many attempts to grow soya which had 
taken place in this country, all had failed, also that no others 
were being attempted, since it was the considered opinion 
of the Ministry of Agriculture and the Royal Agricultural 
Society that the soya bean was quite unsuited for growth 
here, as it required heat that would ripen maize.
 “The podded beans were brought to the notice of 
Professor Bottomley, of King’s College, and Professor 
Greenish, of the Pharmaceutical Society, and both considered 
the matter to be important. They pointed out that this 
country possessed no oil plant and was importing soya from 

Manchuria to the extent of half a million tons per annum... 
They advised me to increase my stock as rapidly as I could.
 “The result of the fi rst year’s crop was four hundred 
seeds from the original thirteen seeds; the second year four 
thousand and the third twelve thousand. In 1917 it became 
a question of fi nding space to grow them and it was decided 
to have part grown by a fi rm of market growers at Uxbridge, 
Middlesex and the rest on a farm at Manningtree, Essex, 
belonging to Mr. C.P. Ogilvie. Both were failures.” The fi rst 
crop failed because the land had been too heavily manured 
and the seeds were sown too far apart. The second crop, 
sown in the middle of a fi eld of wheat, had been eaten by 
rabbits. Rabbits are still a major pest for soya beans.
 Since little was known about the soya bean, Mr. North 
tried to gain experience by sending seeds to the Chelsea 
Botanic Gardens, the Horticultural Society at Wisley, the 
Cambridge Botanic Gardens, Messrs. Sutton and Sons, 
Reading, and to a friend in Hampshire. But the reports 
received were not encouraging. “That same year I got in 
touch with the United States Department of Agriculture at 
Washington [DC], I received from it not only soya bulletins 
and seeds of a number of American soya varieties for trial in 
England, but the promise of further assistance. I owe a very 
great debt of gratitude to that department and to Dr. W.J. 
Morse, its agronomist and soybean expert, the man who, 
more than any other, has made the United States the soya 
bean centre of the world and now a growing competitor with 
Manchuria as world exporter.
 “The results of 1917 were better than those of the 
previous year and in 1918 I had suffi cient seed of my one 
variety to plant half an acre on land lent by Mr. Clark at 
Virginia Water. These were sown in company with 12 
American varieties, half being inoculated with a nodule 
culture supplied by Professor Bottomley.”
 Following some poor years, 1921, a drought year, was 
the best year to date. “Accounts of my success appeared 
in the Press and I wrote an article which came out in the 
Illustrated London News in October. As a result many 
applications for seed reached me and I sent samples to over 
one hundred places, among others to Professor Southworth 
of Manitoba College, Winnipeg [Canada]. He found my 
variety better than anything he had had there, both for fodder 
and seed, but not early enough in seasons with early frost. In 
return he sent me seed of a brown variety ‘Manitoba Brown,’ 
a selection from a well-known American variety ‘Ogemaw.’”
 1922 was a wet year and at his plot and not one person 
to whom North had sent seed reported success. On his own 
plot at Chiswick, where he had twenty varieties under test, 
only one, “Manitoba Brown,” succeeded.
 “In 1923 appeared Messrs. Piper and Morse’s 
encyclopædic work, ‘The Soybean,’ in America; it solved 
a good many of my problems and I determined to follow 
American practice in future. From it I learned that two-thirds 
of the American crop was consumed as fodder upon the 
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farm; that every variety had a fi xed time ranging from 80 to 
160 days for maturing; that in industry the chief value of the 
bean rested upon its oil content; and that the plant possessed 
what is now called ‘local limitations,’ meaning that a variety 
that grew well in one place could not be depended upon at 
another and that in American agricultural practice it was 
usual to test two or more varieties before growing it as a 
crop. This last was particularly interesting to me because it 
explained the erratic behaviour of some of my varieties when 
sent to other places.
 “Convinced by the failure of my 1922 trials that soya 
was not yet ready to put forward as a crop plant, I extended 
my search to new sorts and with the help of friends abroad 
obtained many varieties from China, Manchuria, Japan, 
South Africa and India.” North then began to specialize in 
short season varieties. “My friend Dr. Morse approved the 
plan and from then onward sent me only varieties which in 
America took less than one hundred days to mature... Using 
Manitoba Brown Soya as a standard I was able to select 
several varieties as early or even earlier than it.” In 1930 
Messrs. Sutton and Sons of Reading [seedsmen] decided to 
put the variety Brown C in their catalogue.
 “In 1931, Mr. A.F. Secrett, a Twickenham market 
grower, offered the use of a piece of land at Brentford, 
Middlesex; it enabled me to grow on a larger scale than 
had been possible previously. In September the same year 
a photograph of the crop appeared in the Evening News. 
By chance it was seen by Sir John Davis, a Director of the 
Ford Motor Co. and manger of the Ford Estate at Boreham, 
Essex, who at the request of Henry Ford had tried to grow 
soya with American seed and had failed. At his request I 
agreed to supply acclimatized seed and to superintend its 
growing. All my four varieties of soya were used and under 
fi eld conditions the crop was a success. From 2 acres the 
fi rst year it was increased to 12 acres in 1934 and to 20 in 
1935, the last two crops being grown without assistance. The 
Boreham trials were visited by farmers from every part of the 
United Kingdom and visitors from America pronounced the 
crops to be as good as any grown in that country. The seed 
was distributed in 1935 and that year saw it being grown in 
quantity in some hundreds of places throughout the British 
Isles.”
 A photo facing page 1 shows Mr. J.L. North standing in 
a fi eld with soya bean plants which he has grown. Address: 
60, Grove Park Terrace, Chiswick, London, W.4, Engalnd. 
Late curator, Royal Botanic Gardens, Regent’s Park, London.

1004. Rouest, Leon; Guerpel, Henry de. 1936. Le soja 
français et ses applications agricoles et industrielles [The 
French soybean: Its agricultural and industrial applications]. 
Chateauroux, France: G. Langlois. xxiii + 99 p. 28 cm. [42 
ref. Fre]
• Summary: Contents: Preface, by L Brétignière (Prof. at 
Grignon, Member of the Academy of Agriculture). Preface 

to the fi rst edition, by Louis Forest (1921). Introduction to 
this new edition: Soviet Russia and the soybean (le Soja; 
includes the story of Rouest’s stay in the Northern Caucasus, 
Russia, from 1930 to 1933), Germany and Poland take up 
the soya question, the canons [guns] of Germany versus 
the Manchurian soybean, a secret contract to provide the 
weapons of war, organization of a Polish bank in Manchuria, 
Germany cultivates soybeans in Romania and Bulgaria 
in preparation for the war, France and the cultivation of 
soybeans.
 1. What is soja? 2. History of the propagation of soja: 
Introduction of the soybean into France and Europe, the 
soybean is cultivated in central Europe, in Austria, in 1875, 
in France the soybean is the object of numerous trials from 
1876 to 1881, its cultivation worldwide, the study and 
acclimatization of soya become generalized.
 3. Botanical characters of the soybean: And the varieties 
of soybeans. 4. Chinese varieties: The soybean in China, the 
production of soya in China in 1916 and 1917, production 
of soya in the Far East during the year 1928, exportation of 
soya from the Far East to Europe.
 5. Japanese varieties: The soybean in Japan, varieties 
of soya from Indochina and from other Asian countries. 6. 
The soybean in America: American varieties, cultivation 
of soybeans in Ohio, selection of soya using pure lines in 
Connecticut.
 7. The soybean in Europe: Italy, Russia, France, 
French climatic zones for the cultivation of Soja hispida, 
the Atlantic zone, the continental zone, the Mediterranean 
zone and climate, can the soybean be cultivated in all the 
French climates including those in the north, northeast, 
and northwest, speedy production of soybeans in view of 
agricultural production and of the creation of early varieties 
for the regions in north and northeast France.
 8. Instruction for growing soja in France. 9. Soja 
in Manchuria. 10. Soja seeds. 11. Selection of soja. 12. 
Varieties of soja. 13. Different ways of planting soya seeds. 
14. Soy yield. 15. Nitrogen fi xation in soya seeds. 16. Tilling 
and preparing the earth. 17. Soja fodder. 18. Soja, striking 
and improving. 19. Harvesting soja grain. 20. Soja oil. 21. 
Soja oil-cake for animal feeding. 22. Vegetable milk, soja 
milk and industrial casein.
 23. Soja in human food: Soy fl our and its applications, 
soy bread with wheat, nutritional composition of soja 
compared to dry legumes, soy viewed as a dry legume 
to replace meat, comparative production of nutritive 
elements among the various legumes used for human food, 
comparative value in calories of the usual foods and of soja, 
preparation of soy soups and meals in compressed tubes, 
what varieties of soy can serve the special needs of human 
nutrition, Sojenta, potatoes stuffed with soy, force meat balls 
(boulettes) of rice and soy, bread of rice and soy, pudding 
of soy and rice, soy sprouts and their food value, fresh soy 
sprouts in a salad, soy sprouts with vegetables, soy preserves 
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and confections, soy chocolate, soy coffee, soybeans 
conserved in containers, soy with smoked fi sh, soup with 
soy vegetable meat, soymilk soup, omelet with smoked soy 
vegetable ham, green soy sprouts, soy cake, soy force-meat 
fritters.
 24. The utilization of soja in the Far East: Vegetable 
cheese (tofu), soy-based condiments, Japanese natto (2 
types), Japanese miso, Chinese miso, soy sauce (soyou or 
schoziou), making soy sauce in Kwantung, China, making 
soy sauce in Japan, koji or molded rice.
 25. The culture of soja in North Africa (Rouest has 
varieties that would grow and yield well in the French 
colonies of Tunisia, Algeria, and Morocco). 26. Opinions of 
some authors on soja. Conclusions. Bibliography on soja.
 A small photo on the “Dedication” page shows Léon 
Rouest (born in Paris on 11 Nov. 1872).
 Concerning soy in Russia (USSR) (p. 52-53): In Russia, 
the soybean has been known for quite a long time, specially 
in the Ukraine and Bessarabia, but it was never grown over 
a large area, and was given a back seat (low priority) in 
agriculture until after the revolution of 1917. It was not until 
1926-27 that cultural trials were conducted on farms in the 
state of Northern Caucasus (d’Etat du Caucase du Nord). 
In the regions of Rostov-on-Don (Rostow-sur-Don; Rostov-
na-Donu), Eisk (near Krasnodar), Stavropol, Prim-Koumsk, 
Yessentuki / Essentuki in the Kuban and Kuban River area 
of the North Caucasus region of southern Russia, the yields 
were 11 to 16 quintals.
 In 1927 there were 600 ha planted to soybeans, 
increasing to 17,000 in 1928, in the kolkhoz (collective) 
farms or the sovkhoz (state owned) farms.
 In 1929-1930 and until 1932-1933 there were very 
laudable / praiseworthy efforts to propagate soybeans in 
favorable regions, especially in the North Caucasus, but the 
soils of this region, although they are very rich and well 
suited to soybeans are also very rich in bad weeds and the 
results obtained up to the present do not seem favorable. As 
I said earlier, the soybean is a technical plant of the intensive 
cultivation type. It is very well suited to the soil and climate 
of Russia, but it is less well suited to the indolent character of 
people who are accustomed to cultivating only small parcels 
and who are suddenly, through collectivization, thrown into 
cultivating immense fi elds. In spite of the remarkable efforts 
at mechanization, the peasants who submit to collectivization 
and who do not yet understand it very well, the cultivation of 
soybeans does not assume the importance hoped for (p. 52).
 Note: This is Rouest’s fi rst book about soy since 1930. 
Address: France.

1005. Toxopeus, Hendrik Jannes. 1936. Over physiologische 
specialisatie bij knolletjes-bacteriën van kedelee op Java 
[On physiological specialization by soybean root nodule 
bacteria in Java]. In: Verslag van de 16e Vergadering van de 
Vereeniging van Proefstation-Personeel. See p. 53-62. [Dut]*

Address: Plantkundig Laboratorium van het Algemeen 
Proefstation voor den Landbouw te Buitenzorg, Java.

1006. Lovvorn, R.L.; Kime, P.H.; Stitt, R.E. 1937. I. Factors 
in soybean production. II. Variety recommendations and 
characteristics. North Carolina Agricultural Experiment 
Station, Agronomy Information Circular No. 102. 6 p. Jan.
• Summary: Contents: Part I: Factors in soybean 
production. Introduction. Time of planting. Methods of 
seeding. Inoculation. Rate of seeding. When to cut for hay. 
Curing the hay. Seed production. Harvesting the seed. Soil 
improvement. Soybeans for pasturage. Soybeans for silage. 
Edible types.
 Part II: Variety recommendations and characteristics. 
Varieties recommended for Coastal Plain (for seed hay, hog 
pasture, planting in corn). Varieties recommended for Lower 
Piedmont. Varieties recommended for Upper Piedmont and 
Mountain sections. Description of varieties. Address: 1-2. 
Dep. of Agronomy, North Carolina Agric. Exp. Station; 3. 
Div. of Forage Crops and Diseases, Bureau of Plant Industry, 
USDA.

1007. Maruri, Aurelio. 1937. Cultivo del frijol soya 
[Cultivation of soybeans]. Revista de Agricultura (Cuba) 
20(1):37-49. Jan. [Spa]
• Summary: Contents: Introduction. Soil. Varieties. 
Preparation of the soil. Fertilizers. Inoculation. Time of 
planting. Method of planting. Quantity of seed. Cultivation. 
Crop rotation. Enemies of the soybean (insects, nematodes, 
etc.). Places where one can buy seed. With 6 fi gures.
 A table (p. 43) gives nutritional analyses of the 
following soybeans: Illini, Dunfi eld, Mansoy, Tarheel Black, 
Dixie, Tokyo, Hahto, Columbia, Mammoth Yellow, Brown 
C5, Wilson Five, Midwest, Ito San, Mispida, Medium 
Green, Lexington, Mammoth Brown, Harbinsoy, Haberlandt, 
Peking, G. Washington, Chiquita, O-too-tan. Address: B.S., 
Cuba.

1008. Louisiana Agricultural Experiment Station, Bulletin. 
1937. Crops and soils information. No. 283.p. 30-40. March.
• Summary: Each of the four parts of this Bulletin is by 
different authors. Part II, titled “Corn work / Corn varieties, 
breeding, and culture,” by H.B. Brown and Hugo Stoneberg 
(p. 20-29) has a section (p. 24) titled “Corn spacings with 
soybeans planted in the row,” which states: “Biloxi and 
Otootan soybeans were planted in the corn row when the 
corn was planted.” Another section (p. 24-29) is about the 
“Effect of soybeans on corn yields when planted in the corn 
row, when planted in rows alternating with corn rows, when 
rate of seeding is varied, when turned under or taken off for 
hay.” A photo (p. 27) shows a fi eld of “Cotton after corn and 
soybeans.”
 Part III, titled “Soybeans, oats and forage crops,” 
by John P. Gray and Dawson, M. Johns, has sections on: 
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Soybeans: Soybean varieties, edible soybeans (“All varieties 
of soybeans may be cooked and eaten as table food, but 
certain varieties such as Easycook, Rokusun, and Hahto are 
the most satisfactory.”). Soybean culture: Width of rows, rate 
of seeding, date of planting, grazing, inoculation.
 “Soybean variety tests have been conducted in Louisiana 
each year since 1929.” The soybeans grown in Louisiana 
are of two general types: the viney type, of which Otootan, 
Laredo, Barchet, and Louisiana Selection 108 are examples; 
and the upright or stiff-stem type, which includes Biloxi, 
Mammoth Yellow, Tokyo, Delsta, Mamloxi, and Looney-2. 
The varieties of the viney type have fi ne stems with 
numerous branches and rather small leaves. Having fi ne 
stems, they make a better quality of hay.” Other varieties 
tested in Louisiana include Avoyelles, Delnoshat, Chiquita, 
and Palmetto.
 Tables show: (1) Date of seeding soybeans. Shows 
how the date of planting the Biloxi and Louisiana Section 
60 varieties affects the yields of hay and seed in 1931, 
1932, 1933, and 1934, plus the 4-year average. For Biloxi, 
July 20 gave the highest seed yield (6.3 bu/acre), whereas 
for Louisiana Section 60, March 17 gave the highest seed 
yield (11.2 bu/acre). (2) Soybean inoculation test with four 
variables: (1) Inoculation–Soybeans not grown the year 
before. (2) No inoculation–Soybeans not grown the year 
before. (3) Inoculation–Soybeans grown the year before. (4) 
No inoculation–Soybeans grown the year before. This test 
was conducted in 1935 and 1936. The highest seed yield was 
obtained with (1) but, surprisingly, the yield was only 4.5% 
higher than (2).

1009. Wiggans, R.G. 1937. Soybeans in the northeast. J. of 
the American Society of Agronomy 29(3):227-35. March.
• Summary: “The objective of this paper is to give certain 
experimental results as evidence upon which to form an 
opinion in regard to the possibilities of soybeans in the 
northeast and in New York State in particular.”
 Discusses soybeans as forage, silage, and for grain in the 
northeast, based on experiments from 1929 to 1934. Results 
show: “The narrower the space between rows, the higher 
the yield.” An 8-inch spacing gives the highest yields, about 
38 bu/acre. Conclusion. The “place of the soybean plant in 
northeastern agriculture is not entirely clear,” but “it shows 
suffi cient promise to justify more study...” Address: Prof. of 
Plant Breeding, Cornell Univ., Ithaca, New York.

1010. Bond, George. 1937. Excretion from leguminous 
root nodules (Letter to the editor). Nature (London) 
139(3520):675-76. April 17. [4 ref]
• Summary: Virtanen seems to have shown that “under 
certain conditions (for example in sand cultures) there is 
an excretion of fi xed nitrogen in the form of amino acids 
from the nodules of these plants into the rooting medium.” 
Address: Botany Dep., Univ. of Glasgow [Scotland].

1011. Mr. 1937. Roudnicka ockavaci latka pro soju [The 
Roudnice inoculation product for soybeans]. Zemedelsky 
Pokrok (Agricultural Progress) 4(5):148. May. [Cze]
Address: Czechoslovakia.

1012. Naranjo, Enrique Arca. 1937. El frijol soya y su 
cultivo [The soybeans and its cultivation]. Revista de 
Agricultura (Cuba) 20(4/5):88-91. April/May. [Spa]
• Summary: Contents: Introduction to soybean cultivation. 
Varieties. Soils: preparation of the soil, manuring, 
inoculation. Planting. Cultivation, Harvest and yields. Use as 
a forage (especially the varieties Dixie, Hollybrook, Tokyo, 
Mammoth-Brown and Southern-Prolifi c) and green manure 
plant (turn under before fl owering).

1013. Saunder, A.R. 1937. Soybeans. Farming in South 
Africa 12(134):217. May.
• Summary: Contents: Introduction. Value of the soybean. 
Introduction into the Union [of South Africa]. Soil 
requirements. Cultural methods. Fertilizers. Inoculation. 
Harvesting. Supplies of seed.
 “Soybeans were introduced into South Africa as early as 
1903, but the crop failed to establish itself” for two reasons: 
(1) The varieties were poorly adapted to South African 
conditions and the pods split open at maturity, causing a 
large percentage of the seeds to be lost. (2) There was no 
domestic market for the seed and the overseas demand was 
small and inconsistent.
 The fi rst diffi culty as been overcome by breeding 
non-shattering varieties. In 1926 experiments started at 
Potchefstroom have led to the development of new varieties 
which do not shatter. A domestic market is now developing 
and the overseas demand, which is already very large, is 
growing steadily. Applications for seed should be addressed 
to the Principal, School of Agriculture, Potchefstroom. 
The Department earnestly desires the cooperation of 
prospective growers. Address: Dr., Senior Research Offi cer, 
Potchefstroom, South Africa.

1014. Megee, C.R. 1937. Soybean production in Michigan. 
Michigan Agricultural Experiment Station, Circular Bulletin 
No. 161. 14 p. June.
• Summary: Contents: History, adaptation, and uses. A 
high protein emergency or annual hay crop. Digestible 
nutrients and feeding value per acre of soybeans and 
other Michigan crops. Soybean oil meal. A supplementary 
protein feed. Soybeans for silage. A cash crop. Soybeans 
as a soil improving crop. Cultural practices: Varieties, time 
of planting, rate and methods of planting, inoculation. 
cultivation, harvesting for hay, harvesting for seed, threshing, 
storage of soybean seed. Industrial and commercial uses of 
soybeans: Soybean oil, soybean oil meal, dried beans, for 
human food.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   487

© Copyright Soyinfo Center 2018

 “As early as 1902 and for 20 years afterwards, E.E. 
Evans of West Branch, Michigan, took an active part in 
introducing, breeding, and distributing varieties of soybeans. 
The Ogemaw is an introduction of Mr. Evans and is the 
result of a cross between his No. 6 Early Black and Dwarf 
Brown. Since 1918 the Michigan Agricultural Experiment 
Station has conducted numerous variety tests for both hay 
and seed production at East Lansing and at various points 
over the state” (p. 3).
 Table 4, titled “Soybean variety adaptation” (p. 10) 
lists the following: Manchu, Ito San, Mandarin (Canada), 
OAC 211 (Ontario), Dunfi eld, Illini (Illinois), Mandell 
(Indiana), Sciota (Ohio), Cayuga (New York), Ogemaw 
(Early Michigan), Wisconsin Early Black, Virginia, Wilson, 
and Mammoth Yellow. For each variety is given the 
name, maturity, seed color, and adaptation. “The Manchu 
is the leading general-purpose variety for hay, seed, and 
commercial uses in Michigan.”
 Under “Industrial and commercial uses of soybeans,” 
a table shows 10 industrial and food uses of soybean oil, 15 
industrial and food uses of soybean oil meal (incl. diabetic 
foods, fl our, crackers, soy milk, bean curd [tofu], soy sauce), 
and 12 industrial and food uses of dried beans (incl. roasted 
beans, coffee substitutes, soups, baked beans, boiled beans). 
“When soybeans are to be used as a green vegetable, the 
Easycook and Hahto are preferred because of their milder 
fl avor.” Address: Section of Farm Crops, East Lansing.

1015. Park, Malcolm; Fernando, M. 1937. Preliminary 
experiments on soya inoculation in Ceylon. Tropical 
Agriculturist (The) (Peradeniya, Ceylon) 88:351-58. June. [8 
ref]
• Summary: In recent years, the cultivation of soybean has 
expanded remarkably in different parts of the world. “The 
possibility of its cultivation in Ceylon has been considered 
for many years and from time to time experimental plots 
have been planted with soya. The results of these trials have 
been, on the whole, disappointing.” One of the limiting 
factors to successful cultivation may well be “the absence in 
some or all of Ceylon’s soils of a suitable strain of the root-
nodule bacterium...”
 These experiments are designed to select one from 
among four strains such bacteria that would give the best 
results under local conditions. A yellow-seeded variety of 
soybean, inoculated with this strains, was grown in sand 
in pots and watered with a culture solution containing the 
various essential elements other than nitrogen. The soybeans 
were harvested just as the pods were beginning to develop. 
Two tables summarize the results, which showed that under 
these conditions, seed inoculation resulted in increased plant 
vigour and that the plants reacted differently to the various 
strains. Address: 1. A.R.C.S., Mycologist; 2. Ph.D., D.I.C., 
Research Probationer in Mycology.

1016. Echevin, Robert; Brunel, Arthur. 1937. Physiologie 
végétal: Uréides et urée libre, dégradation des purines chez 
le Soja hispida Mnch. [Plant physiology: Ureides and free 
urea, degradation of purines in Soja hispida Mnch.]. Comptes 
Rendus des Seances de l’Academie des Sciences (Paris) 
205:294-96. July 26. (Chem. Abst. 31:7910). [Fre]
• Summary: Urea was isolated from higher plants by 
R. Fosse in 1916. A table (p. 295) shows the changing 
composition of pure cultures of soya in distilled water–one 
in darkness, one in light. Page 296 (last line) mentions soy 
sprouts les germinations de Soja.

1017. Andrews, W.B. 1937. Effect of ammonium sulfate on 
the response of soybeans to lime and artifi cial inoculation 
and the energy requirement of soybean nodule bacteria. J. of 
the American Society of Agronomy 29(8):681-89. Aug. [10 
ref]
• Summary: “Conclusions: Ammonium sulfate was not 
harmful to soybean nodule bacteria, when up to 600 pounds 
per acre were used. The yield of soybeans was about 50 
pounds per acre greater where ammonium sulfate was the 
source of nitrogen than where 1 pound of nitrogen was fi xed 
by nodule bacteria.” Address: Asst. in Agronomy, Dep. of 
Agronomy, Mississippi Agric. Exp. Station, State College, 
Mississippi.

1018. Arny, A.C.; Brookins, W.W.; Hodgson, R.E. 1937. 
Soybeans for Minnesota. Minnesota Agricultural Experiment 
Station, Special Bulletin No. 134 (Revised ed.). 14 p. Aug. 
Revised again 1940, 12 p.
• Summary: Contents: Introduction. Extensively grown 
in foreign countries (an Smoot-Hawley Tariff). Acreage is 
increasing in the United States. Use of crop can be changed 
as season progresses. Soybeans leave soil in good condition 
for other crops. The soybean provides high-protein feed: hay, 
seed, meal, straw. Choice of variety: varieties for southern 
Minnesota, varieties for central Minnesota, varieties for 
northern Minnesota. Use high-germinating, well inoculated 
seed. Good corn land suitable for soybeans. Control of weeds 
before planting important. Sow soon after corn planting. 
Thick planting gives highest yields. Adjusting drills to plant 
soybeans. Cultivation of soybeans. Harvesting hay–time 
affects yields. Harvesting seed–dry well before storage.
 This Special Bulletin begins: “In Minnesota the soybean 
crop is grown largely as an emergency hay crop when there 
are shortages of alfalfa or clover. Well grown crops of 
soybeans approach alfalfa and clover fairly closely in yields 
of hay per acre. Soybean hay takes the place of alfalfa and 
clover in most livestock rations.
 “In a number of states, in recent years, soybeans have 
replaced oats to a considerable extent as a cash seed crop. 
Soybean seed yields in the southern and central parts of 
Minnesota have been high enough to warrant substituting 
soybeans for oats as a cash crop in this state when a steady 
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demand develops at prices that will bring higher net returns 
per acre than oats.”
 “Use high-germinating, well inoculated seed (p. 8-9): 
“... Unless the proper bacteria are present in nodules on their 
roots, soybean plants will not do well usually, because then 
they must obtain all their nitrogen from the soil. The bacteria 
in the nodules are able to use the free nitrogen in the air, and 
this becomes available to the soybean plants. An abundance 
of nodules on the roots of plants indicates the presence of 
adequate numbers of the proper bacteria. The root of a well 
inoculated soybean plant is shown in Figure 2.
 “Until such time as the soybean crop is grown regularly 
in rotations on farms in the state, it is always necessary to 
inoculate the seed before planting it. The clovers, alfalfa, 
and other legumes require different kinds of bacteria 
and do not supply the bacterial requirement of soybeans. 
Commercial inoculants may be purchased from seed houses 
and have been found to be satisfactory if the directions on 
the container are carefully followed. Soil from a fi eld that 
has produced well inoculated soybean plants the previous 
year, sifted and mixed with moistened seed in about equal 
quantities, usually brings about satisfactory inoculation.” 
Address: 1. Div. of Agronomy and Plant Genetics, Univ. 
Farm, St. Paul; 2. Agricultural Extension Div., Univ. Farm, 
St. Paul; 3. Southeast Experiment Station, Waseca. All: 
Minnesota.

1019. Contemporary Manchuria. 1937. Studies on the 
alcoholic extraction of soya bean oil. 1(3):83-101. Sept.
• Summary: Contents: General remarks. Principle of the oil 
extraction method. The solubility of soya bean oil in alcohol. 
Experiments on the alcoholic extraction of soya bean oil. 
Conclusion.
 Before World War I, pressure was used to extract 
soybean oil in Manchuria. When the war ended, “a grave 
crisis threatened the bean oil industry [in Manchuria] owing 
to the development of the nitrogen fi xation industry and to 
the increased popularity of sulphate ammonia as fertilizer 
throughout the world. Bean-cake, which had been occupying 
the premier position in the Japanese fertilizer market, 
was compelled to yield its place to sulphate of ammonia, 
resulting in a decline of the bean-oil industry. Thus the need 
of a technical improvement of the oil extraction industry 
came to be keenly felt in order to extend the uses of bean-
cake as foodstuffs and materials for industries.
 “It was under such circumstances that the Central 
Laboratory of the South Manchuria Railway Company 
in Dairen commenced in April, 1927, researches and 
experiments on the alcoholic extraction of soya bean oil in an 
effort to contribute to the development of the oil extraction 
industry.” It was found that soya bean oil dissolves rapidly 
in ethanol at temperatures above 60ºC. If benzine is added 
to alcohol, the rate of solubility increases according to the 
amount added. In practice, the suitable concentration of 

alcohol is around 96% by volume. The temperature for oil 
extraction must be over 75ºC and the cooling temperature 
below 25ºC. The oil extracted by the circulating alcohol 
method and the meal are both light in color and do not have 
the odor peculiar to soya beans. “They can be used as raw 
materials for the manufacture of food. Furthermore the oil 
contains very little fatty acid and is similar to semi-refi ned 
oil.”
 The new process developed by the SMRC laboratory 
is now used commercially by the Manchuria Soya Bean 
Industry Company in Dairen.
 Note: This is the earliest document seen describing the 
commercial use of ethanol as a solvent for soybean oil. The 
plant in Dairen, Manchuria, uses a batch extractor.

1020. Dickinson (Albert) Co. (The), Inoculator Div. 1937. 
Nod-O-Gen: The pre-tested inoculator (Ad). Proceedings of 
the American Soybean Association p. 62.
• Summary: A full-page black-and-white ad. “Nod-O-Gen is 
now America’s largest selling complete line of inoculator.” 
Illustrations show: (1) A bottle of Nod-O-Gen nodule 
bacteria. (2) A can of Dickinson’s Nod-O-Gen Humus pre-
tested Inoculator. Address: Chicago, Illinois.

1021. Nitragin Company, Inc. (The). 1937. Effective 
nodulation on soy beans (Ad). Proceedings of the American 
Soybean Association p. 71.
• Summary: A full-page black-and-white ad. “Established 
in 1898. The original legume inoculator. Nobbe-Hiltner 
process. Fresh each year. Dependable. Restores and 
maintains soil fertility. Nitragin is the most widely used 
inoculator in America.” A photo shows “Typical soy bean 
nodules produced with Nitragin inoculation.” Address: 
Milwaukee, Wisconsin.

1022. Orcutt, F.S. 1937. Nitrogen metabolism of soybeans 
in relation to the symbiotic nitrogen fi xation process. Soil 
Science 44(3):203-15. Sept. [18 ref]
• Summary: Orcutt conducted several experiments with the 
soybean plant, which he selected because of its rapid growth 
and development of large nodules. A typical experiment 
included three series of plants: (1) Inoculated plants provided 
no external source of combined nitrogen but inoculated 
with an effi cient strain of Rhizobium japonicum; (2) High 
Nitrogen, plants inoculated, but supplied with adequate 
ammonium nitrate; (3) Low Nitrogen, plants uninoculated 
and given half as much nitrogen as those in the High 
Nitrogen series. An attempt was made to add the combined 
nitrogen periodically at such a rate that the development of 
the inoculated plants would be intermediate between those of 
the other two series. The results are show in three graphs.
 Searches for intermediate products in the nodules have 
proven fruitless. Address: Wisconsin College of Agriculture.
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1023. Ruf, E.W.; Sarles, W.B. 1937. Nodulation of 
soybeans in pot culture by effective and ineffective strains 
of Rhizobium japonicum. J. of the American Society of 
Agronomy 29(9):724-27. Sept.
• Summary: The weight and volume of nodules produced by 
poor strains of the soybean organism were larger than those 
produced by a good strain.
 Workers who test cultures of rhizobia for commercial 
distribution frequently comment on the poor nodulation 
obtained during seasons of short days and low light intensity. 
The authors found that in a fall experiment nodules formed 
on soybeans with effi cient of Rhizobium japonicum were 
restricted to the upper portions of the roots, especially near 
the crown.
 Note: The crown of a plant refers to the totality of an 
individual plant’s above-ground parts, including stems, 
leaves, and reproductive structures.
 In a spring trial, nodules also formed on the lower 
roots. With a poor strain that fi xed little nitrogen (wider 
carbohydrate-nitrogen relationship), the nodules were 
distributed throughout the root system in both experiments. 
Thus, both infectiveness and effectiveness increase with the 
advance of the sun–as the days grow longer and brighter. 
Address: Dep. of Agricultural Bacteriology, Univ. of 
Wisconsin, Madison.

1024. Sears, O.H. 1937. What do we know about the fertility 
value of soybeans. Proceedings of the American Soybean 
Association p. 49-51. 17th annual meeting. Held 14-16 Sept. 
at Urbana, Illinois.
• Summary: “There is probably no phase of the soil fertility 
problem in which there is a greater confl ict of opinion than 
exists on the subject of soybeans in their relation to soil 
fertility and productivity.
 “These views range from belief that the soybean is one 
of the most effective soil improving crops to the extreme 
viewpoint that soybeans will ruin the land.
 “It is not the purpose of this discussion to prove that 
either of the views is right or that either is wrong. Rather it 
is proposed to consider the various effects which soybeans 
have on the land, and, perhaps, suggest some practices which 
will make soybeans a more valuable crop in the rotation.
 “The effect of soybeans upon soil productivity cannot be 
ascertained by taking into consideration only one of the ways 
in which soybeans affect the soil. Only when one takes into 
consideration all of the various infl uences of soybeans upon 
the soil can a satisfactory conclusion be reached.
 “There are three principal ways in which soybeans affect 
the soil. They may be classed under the three heads:
 “A. Physical
 “B. Chemical
 “C. Biological
 “Obviously these three factors are not separate and 
distinct from each other because any one factor must have its 

infl uence upon the other factor.
 “A–Physical Effects of Soybeans upon the Soil: It 
is well recognized by farmers and by investigators that 
soybeans have a decided tendency to improve the tilth of 
the soil. It is well known that the land ‘works’ much easier 
following a crop of soybeans. Of course, this ‘loosening’ 
effect on the soil is not peculiar to soybeans. In fact, most 
legumes and a few non-legumes improve the soil structure. 
I mention it here because the culture of soybeans creates a 
problem on rolling land which must be recognized. Because 
the land is ‘loose’ after a crop of soybeans has been grown 
and because the crop is harvested from the land, there is 
a tendency for erosion following soybeans. This fact is 
illustrated by data secured at the Missouri Agricultural 
Experiment Station where land following continuous corn 
lost 20.68 tons of soil per acre. After soybeans grown in 
rows and cultivated, 19.52 tons per acre were lost, and after 
soybeans seeded solid, 9.39 tons an acre were lost. It should 
be pointed out that a cover crop of rye was seeded after the 
soybeans. However, the data do not include results where 
soybeans were seeded across the slope. Results with other 
crops indicate that such a practice would have reduced the 
erosion losses.
 “It appears reasonable to conclude that soybeans should 
not be grown in cultivated rows up and down the slope, but 
that they should be seeded solid across the slope.
 “B–Chemical Infl uence of Soybeans: This phase of the 
problem may be considered from the standpoints of nitrogen 
and mineral elements. It need not be pointed out to this 
group that without good nodulation success with soybeans 
is impossible. Even where good nodulation is obtained the 
effect of soybeans upon the nitrogen balance in the soil is 
determined by the use of the crop. This fact is shown in 
Table 1, “Effect of Soybean Use Upon Nitrogen Addition to 
the Soil.” The two columns are “Method of handling crop” 
and “Pounds of nitrogen added per acre.”
 Green manure (soybean plants plowed under) adds 88 lb 
of nitrogen.
 Harvesting with a combined adds 16 lb of nitrogen.
 Seed harvested and straw removes 3 lb of nitrogen.
 Use as hay removes 30 lb of nitrogen per acre. “It is 
apparent that only where the beans are used as a green 
manure or ‘combined’ is there any appreciable addition of 
nitrogen to the soil. Even in these cases too much stress 
must not be placed on these results because unless properly 
handled the losses of nitrogen by leaching may be greater 
than the nitrogen additions.
 “Table 2 gives the removal of mineral elements as well 
as nitrogen from the soil by different crops. “Plant Food 
Elements Added and Removed by Various Crops.” The 
columns are: Crop. Acre yields. Added nitrogen. Nutrient 
elements per acre removed. The elements (in pounds) are 
nitrogen, phosphorus, potassium, calcium, and magnesium. 
The crops are corn, oats, wheat, soybeans, alfalfa, and red 
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clover. When soybeans are sold and their straw returned, they 
add 16 lb of nitrogen per acre to the soil. But when soybean 
hay is sold and no manure is returned, they add no nitrogen 
to the soil.
 Corn, at 40 bu/acre is the biggest remover of nitrogen at 
40 lb/acre.
 Soybeans, at 2.5 tons/acre (with the hay sold and no 
manure returned) is the biggest remover of phosphorus at 13 
lb/acre.
 Alfalfa, at 2 tons/acre (with the hay sold and no manure 
returned) is the biggest remover of potassium at 96 lb/acre 
and the biggest remover of calcium at 120 lb/acre.
 Soybeans, at 2.5 tons/acre (with the hay sold and no 
manure returned) is the biggest remover of magnesium at 
31 lb/acre. “These fi gures show that while soybeans remove 
more phosphorus and potassium, than corn or wheat, they do 
not remove as much of these elements as alfalfa.
 “C–Biological Activity in Soil Following Soybeans: 
Because the soybean crop is relatively high in nitrogen, the 
return of any part of the crop to the soil has a direct effect 
upon the activity of the soil microorganisms. On the Urbana 
South Farm where a rotation consisting of corn, corn, corn 
and soybeans is practiced, the following results were secured 
in the soil growing corn:
 Table 3: “Effect of soybeans on Biological Activity:”
 In the fi rst year after soybeans, there will be 14.5 million 
bacteria per gram of soil and 27.7 pounds of nitrate nitrogen 
per acre.
 In the 2nd year after soybeans, there will be 11.2 million 
bacteria per gram of soil and 16.9 pounds of nitrate nitrogen 
per acre.
 In the 3rd year after soybeans, there will be 9.5 million 
bacteria per gram of soil and 13.3 pounds of nitrate nitrogen 
per acre.
 “It is clear that the bacterial population as well as the 
available nitrogen content is highest the fi rst year after 
soybeans and lowest the third.
 “Relation of Soybeans to the Succeeding Crop: Because 
soybeans contribute to erosion and because they increase the 
available nitrogen of the soil, it is desirable to protect the 
soil against losses through leaching and erosion by seeding a 
fall grain crop after soybeans. Obviously, on rolling land this 
grain crop should be seeded across the slope.
 “Many reports have been received from farmers that 
wheat does not yield well after soybeans. Two factors appear 
to be responsible for this condition. (1) The seedbed is too 
loose, and, (2) the available phosphate in soils after soybeans 
is low. This latter condition is due to the fact that soybeans 
not only draw heavily upon the phosphorus supply of the soil 
but also they use phosphorus late in the season.
 “The loose seedbed situation is diffi cult to correct. The 
seeding of wheat directly after the ‘combine’ rather than 
preparing the soil by plowing and disking appears desirable.
 “The lack of phosphorus can be taken care of by drilling 

125 pounds of a phosphatic fertilizer in the row with the 
wheat or by applying large applications of phosphatic 
fertilizer broadcast. Results secured here show increases of 
as much as 10 bushels per acre for phosphate fertilization 
where wheat follows soybeans.
 “On level lands spring seeded crops following soybeans 
do well without fertilization.
 “In conclusion, it may be said that soybeans should be 
considered a cash crop primarily and that other legumes 
should be grown in the rotation for soil building purposes.” 
Address: Dep. of Agronomy, Univ. of Illinois, Urbana.

1025. Urbana Laboratories (The). 1937. Inoculate soy beans 
with Urbana Culture: Superior legume inoculator (Ad). 
Proceedings of the American Soybean Association Back 
cover.
• Summary: A full-page brown and green on white ad. 
“Urbana Culture is developed and prepared for the trade 
under the most exact scientifi c control.” Urbana superior 
strains are produced by: Constant research in modern 
scientifi c laboratory. Carefully controlled greenhouse tests. 
Accurately conducted, extensive fi eld experiments.
 A table, titled “Increases in yield and protein of hay and 
seed from inoculation” (from University of Illinois Bulletin 
310 [Hackleman et al. 1928]) shows signifi cant gains from 
inoculation in both yield and protein content of hay and seed.
 A photo of a fi eld of soybeans shows the difference. 
The left half is dark green and the right half is light- or pale 
green. Below it is the caption: “Results produced by Urbana 
Culture. Field test conducted by J.E. Johnson, Richards 
Farm, east of Urbana.” Address: 406 No. Lincoln Ave., 
Urbana, Illinois.

1026. Bond, George. 1937. Excretion of nitrogen by 
leguminous plants. Nature (London) 140(3546):683-84. Oct. 
16. [5 ref]
• Summary: “A previous communication referred to 
experiments with inoculated soybeans (variety ‘Manchu’) 
growing under normal conditions in sand culture, in which I 
was unable to detect any excretion of nitrogenous substances 
from the nodules into the rooting medium, as demonstrated 
by Virtanen... in other legumes...” Address: Dep. of Botany, 
University, Glasgow.

1027. Virtanen, Artturi I. 1937. Excretion of nitrogen by 
leguminous plants. Nature (London) 140(3546):683. Oct. 16. 
[2 ref]
• Summary: “However, I consider that, even with soy, 
thorough investigations must fi rst be carried out using 
different bacterial strains in inoculating different species 
of soy and natural media, before anything defi nite can be 
stated.” Address: Biochemical Institute, Helsinki.

1028. Courier (Champaign-Urbana, Illinois). 1937. Federal 
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trade body cites two Urbana fi rms: Organization of bacteria 
manufacturers is sought. Nov. 14. p. 3.
• Summary: The Federal Trade Commission, Saturday, cited 
two Urbana fi rms that manufacture nitrogen-fi xing bacteria, a 
commercial inoculant, for violation of the Robinson-Patman 
anti-price discrimination act. Dr. A.L. Whiting, owner of 
Urbana Laboratories, Inc., explained this as a move by the 
commission to bring about a better organization of the entire 
industry.
 The two local fi rms cited are the Hanson Inoculator Co., 
Inc. (808 North Lincoln ave.) and the Urbana Laboratories, 
Inc. (406 North Lincoln ave.). In addition two other fi rms 
were cited: The Nitrogen Co., Inc. [sic, Nitragin Co., Inc.] 
(Milwaukee, Wisconsin) and Agricultural Laboratories, 
Inc. (Columbus, Ohio). “With the exception of one fi rm, 
which was given a similar notice some time ago, these fi rms 
represent the entire industry, Dr. Whiting pointed out.”
 Hurts competition: The commission charged that the 
fi rms are discriminating unlawfully by selling bacteria to 
some purchasers at prices lower than the prices they sell 
bacteria of like grade and quality to other purchasers, and 
that they give larger discounts to some purchasers than others 
on the same grade and quantity.

1029. Courier (Champaign-Urbana, Illinois). 1937. Nitrogen 
fi rms discuss code in Washington: Hansen Co. and Urbana 
Laboratories to met with commission. Nov. 23. p. 3.
• Summary: Dr. A.L. Whiting, owner of Urbana 
Laboratories, Inc., and Roy Hansen, owner of Hanson 
Inoculator Co., also of Urbana met with Federal Trade 
Commission offi cials in Washington, DC, today. Two other 
companies were also present at the meeting: The Nitrogen 
Co., Inc. [sic, Nitragin Co., Inc.] (Milwaukee, Wisconsin) 
and Agricultural Laboratories, Inc. (Columbus, Ohio).

1030. Webster, James E. 1937. Soybeans in Oklahoma. 
Oklahoma Farm Chemurgic Conference, Proceedings 1:1-8. 
Nov. (Chem. Abst. 34:5194). [7 ref]
• Summary: On the title page: “Proceedings of the First 
Oklahoma Farm Chemurgic Conference. Municipal 
Auditorium, in Oklahoma City’s Civic Center. Nov. 9 and 
10, 1937.”
 Contents: Introduction. Uses (industrial). Food uses 
(soybean milk, a kind of vegetable cheese [tofu], soybean 
fl our, oil). Soybeans in Oklahoma (a table shows that 
soybeans harvested increased from 6,000 acres and 4,500 
bu in 1927 to and estimated 19,000 acres and 12,000 bu in 
1936).
 Soybeans are best suited to eastern Oklahoma. One 
problem is erratic rainfall.
 This presentation begins: “In the time allotted me, I 
wish to review for you something of the history of soybean 
culture in the United States; also, tell you something of its 
present importance to farmers and industrialists; and fi nally, 

to present to you something of the present status and future 
importance of the soybean crop to Oklahoma, as revealed by 
a study of our experimental data.
 “The soybean is a summer leguminous annual with 
branched and rather woody stems growing from 2 to 3.5 
feet or more in height. The plant has a wide adaption and 
is grown in many sections of the United States, being more 
acid-tolerant than most of the legume crops grown in the 
corn belt. In general, it seems to require about the same 
climatic and soil conditions as corn, and may be harvested 
with a binder or combine and threshed with a small grain 
thresher when a few adjustments have been made.
 “The soybean plant is one of the oldest crops grown, 
being described in a Chinese book written nearly fi fty 
centuries ago. In China and Japan, the soybean has been 
and still is of prime importance and may be considered the 
outstanding legume grown in these countries. Records show 
that the bean was introduced into this country as early as 
1804, but has become of importance only in the last twenty 
years or so. To quote from an article by Professor Burlison 
of the University of Illinois–’Two decades ago the soybean 
was only a substitute in American agriculture. Today there 
are few, if any, crops that outrank it in interest and future 
possibilities. The need, in 1920, was for more legumes in the 
rotation, mere home-grown, high-protein feeds in the feed 
bin, and substitutes for red clover and oats in the rotation. 
For these purposes, the soybean was then promising. 
This early promise has been more than fulfi lled. The real 
preeminence of the soybean, however, was to come later 
with the trend toward the development of industrial uses for 
agricultural products, the fi nding of new uses for old crops, 
and the creation of new markets for the farmer. It is with this 
new outlook for agriculture that the soybean has become the 
wonder bean.’”
 The section titled “Uses” (p. 2) states (p. 2-3): “The 
meal is also used to produce a glue which is widely used 
in the plywood industry and in the manufacture of soybean 
fl our which will be discussed under food products.
 “Regarding uses for the oil it will probably be of interest 
to quote some fi gures showing the factory consumption of 
this product in 1935. Of approximately 92 million pounds 
used, 52 million pounds were used in shortenings and 
compounds, 2 million pounds in oleomargarine, 9 million 
pounds in other edible products, 2.5 million pounds in soap, 
13 million pounds in paints and varnishes, 5 million pounds 
in linoleums and oil cloth, and the remainder in uses of lesser 
amounts. Little needs to be said about these uses, which are 
self-explanatory, unless it is the use in paints. It is perhaps 
needless to recall to mind the use that the Ford Motor 
Company is making of the oil in the manufacture of enamels 
for motor cars. As a result of farmer interest in 1935, much 
research has been done upon the use of soybean oil paint 
at the University of Illinois. It was estimated that one out 
of every ten farmers in Illinois had one or more buildings 
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painted with soybean oil paint. For my own part, this 
summer in redecorating my home, I found that one of my 
interior paints contained a considerable quantity of soybean 
oil. Quoting again from Professor Burlison,–’Results of 
the exposure and other tests indicate that soybean oil has a 
permanent place in the manufacture of paint. The condition 
of the panels supports the fi ndings of other workers to the 
effect that 30 percent and more of the oil used in the paint 
can consist of soybean oil when properly treated and when 
driers suited to this kind of oil are used.’
 “Unquestionably, the amounts used in the different 
industries will bear considerable relation to the price, and, 
at the present time, November 1, soybean oil is quoted at 
eight and one-half cents a pound, cottonseed oil at nine and 
one-fourth cents a pound, peanut oil at seven cents a pound, 
and linseed oil at about eleven and a-half cents a pound. 
The soybean oil also contains a valuable fat-like constituent 
known as lecithin, and this can be extracted and sold as 
a separate product for use in the medical fi eld and in the 
manufacture of confections such as fi ne chocolates, and in 
the baking industry.”
 Dr. H. J. Harper, Professor of Soils at the Oklahoma 
A. & M. College, in a letter to the speaker, says–’Soybean 
yields in Oklahoma are quite variable because of erratic 
rainfall and high temperatures which occur during the 
summer time. Seed production is more seriously affected 
than forage. Experiments which have been conducted 
recently indicate that additional research is needed in order 
to determine the adaptation of new varieties which have 
been produced from crosses between some of the yellow and 
black soybeans.
 “’The most promising area for soybean production 
occurs in the eastern one-third of the state. Because of a 
wide variation in soi1 fertility, yields of soybeans obtained in 
different soil types will be quite variable. Experiments have 
been conducted which show that phosphorus fertilization 
will double and sometimes triple the yield of soybean hay.
 “’Defi nite information is not available concerning 
the effect of fertilization on the yield of seed. Soybeans 
harvested for seed would not be as harmful as far as the 
removal of plant nutrients are concerned as soybeans 
harvested for hay. Nitrogen and phosphorus are the important 
nutrients removed in the seed.
 “’One of the big problems in successful soybean 
production in Oklahoma has been the sparse nodule 
development which occurs during periods of limited rainfall. 
When nodules are not present on soybeans, no nitrogen will 
be added to the soil. Since the soybean is also planted in 
rows and cultivated, it cannot be considered a crop which 
will protect the soil from erosion. Close planting of the beans 
does not give very good results as far as forage yields are 
concerned.
 “’Those individuals who have been interested in the 
problem of comparing cotton seed production with soybean 

production in Oklahoma believe that the income from 
soybeans and cotton seed will be quite similar, whereas the 
cotton farmers will have in addition to his cotton seed the 
income from the lint. If soybeans can be grown in areas 
where boll weevil damage is severe and it appears that the 
market will be suffi ciently stable to warrant a change in 
farming practices, no expensive machinery will be needed 
other than that which is already available on the average row 
crop farm, consequently a shift to soybeans will be easier 
than a shift to small grain.’” Address: PhD, Oklahoma Agric. 
Exp. Station, Stillwater, Oklahoma.

1031. Wisconsin Agricultural Experiment Station, Bulletin. 
1937. What’s new in farm science. No. 439. 96 p. Dec. See 
p. 8, 21-22, 56. [3 ref]
• Summary: This bulletin contains many separate farm 
science items based on original research in Wisconsin. Three 
of them are related to soybeans.
 Page 8: “Soybean oil prevents one type of 
chick paralysis.” “A form of chick paralysis called 
encephalomalacia has been troublesome in some poultry 
fl ocks, particularly in the eastern part of the United States. It 
comes on suddenly, often producing severe paralysis in birds 
that looked normal a few hours before.”
 “This disease is brought on by lack of some unknown 
nutritive factor in the ration. That soybean oil furnishes 
excellent protection against the disorder has been shown in 
studies by A.I. Coombes, C.A. Elvehjem, P.H. Phillips, and 
E.B. Hart (Agr. Chemistry). These workers have not found 
cottonseed oil to be benefi cial.”
 Pages 21-22. “Oven roasting of soybeans improves their 
food value.” “In the Orient, soybeans have served as human 
food for thousands of years. Quite recently they have come 
into popularity for the same purpose in this country.
 “The principal advantages of soybeans are these: they 
may be an economical food; they are of value in diets of 
diabetic patients, because they contain little sugar, they may 
be consumed by persons who are sensitive to wheat fl our; 
soybean milk is useful for some infants who cannot take 
ordinary milk; they are less fattening than most foods; and 
when roasted they have a fl avor (like that of peanuts) which 
lends variety to everyday menus.
 “Because soybeans have good possibilities in home 
cookery, the Home Economics department at this Station 
has conducted research on this subject for a decade, and two 
years ago published a circular of recipes entitled Soybean 
Dishes New and Old. One question that has remained 
something of a puzzle up to the present time is what effect 
oven roasting has on the nutritive value of soybeans. It is 
agreed that the proteins in raw soybeans are not well utilized, 
and that boiling or autoclaving makes them more nutritious; 
but reports have been confl icting regarding the effects of 
various degrees of dry heat.
 “As the result of trials conducted by Home Economics 
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workers at this Station during the past year, it appears that 
roasting at 300ºF. for 30 minutes has even more benefi cial 
effects than autoclaving at 17 lbs. pressure for 90 minutes. 
The investigation was made by Helen Parsons, Doris 
Johnson, Abby Marlatt, and Violet Rohrer.
 “The effects of various treatments on soybeans were 
measured by recording the growth of rats on rations 
containing 18% protein from Manchu soybeans under these 
conditions: (1) raw; (2) roasted dry in a gas oven, and (3) 
in an electric oven; and (4) autoclaved. In order that the 
experimental animals would be comparable, male litter mates 
were distributed throughout the four group All lots were 
given the same amount of feed.
 “It was learned that while autoclaved soybeans brought 
about 30% better growth than raw beans, those roasted in gas 
and electric ovens effected 45% better growth.
 “These trials have indicated that heat treatment, in 
spite of its proven benefi cial effect in making the proteins 
digestible, has one disadvantage in that it destroys part of 
the vitamin B1 in soybeans. Further studies are now under 
way to learn how roasting in gas and electric ovens compares 
with autoclaving in the rate at which these methods bring 
about destruction of the vitamin.”
 Page 56: “Do soybean nodules show whether the 
bacteria are effective?” “Good strains of soybean bacteria 
tend to produce a relatively small number of large nodules on 
or near the tap root, just below the soil surface.
 “On the other hand, a poor strain of bacteria has been 
found to produce many small nodules over the entire root 
system.
 “Strangely enough, not only the number, but the total 
weight and volume of nodules resulting from a poor strain 
were greater than was the case with an effective type of 
bacteria.
 “These fi ndings by E.W. Ruf and W.B. Sarles (Agr. 
Bacteriology) may be of help in determining by inspection 
whether soybean plants are infected with bacteria that are 
fully effective in taking nitrogen from the air.
 “Years ago it was thought that if legume plants had 
nodules of any kind on their roots, then they were performing 
satisfactorily their task of soil-building. This idea has now 
been exploded by the fi nding that a great many nodule 
forming strains of bacteria are not of much help, hence it is 
important to select good strains for inoculation purposes.” 
Address: Madison, Wisconsin.

1032. Ceskoslovensky Zemedelec (Czech Farmer). 1937. 
Papillon pro ockovani semen jetelin a lustenin [“Papillon” 
for inoculation of clover and bean seeds]. [Cze]*
Address: Czechoslovakia.

1033. Reid, James Johnston; Baldwin, I.L. 1937. The 
infective ability of rhizobia of the soybean, cowpea, and 
lupine cross-inoculation groups (Abstract). Soil Science 

Society of America Journal 1(C):219. *
• Summary: “The infective ability of twelve strains of 
soybean, nine of cowpea, and two of lupine Rhizobia for 
eleven plant species was investigated.
 “All strains of the soybean root nodule organism proved 
infective for Vigna sinensis.” Address: 1. Pennsylvania State 
College, State College, Pennsylvania; 2. Univ. of Wisconsin, 
Madison, Wisconsin.

1034. Rippel, -. 1937. Der derzeitige Stand der 
Knoelchenbakterienfrage [The current status of the root 
nodule bacterial question]. Forschungsdienst (Berlin), 
Sonderheft 6:215-25. [Ger]*

1035. Suranyi, Janos. 1937. Szojabab ismetelt termesztese 
ugyanazon a beojtott talajon [Repeated cultivation of 
soybeans in the inoculated soil]. Koztelek (Common Ground) 
47(5):751. [Hun]*
Address: Hungary.

1036. Wilson, P.W.; Wyss, Orville. 1937. Mixed cropping 
and the excretion of nitrogen by leguminous plants. Soil 
Science Society of America, Proceedings 2:289-97. *
• Summary: Three advantages of mixed cropping are 
proposed. The third of these states: “3. Excretion of nitrogen 
by leguminous plants: For many years various observers 
have speculated on the possibility that the advantage of 
mixed cropping with legumes may be related to the ability 
of these plants to fi x atmospheric nitrogen, part of which is 
passed on the non-leguminous companion. Such speculations 
were not tested until the early part of the present century. 
Lyon and Bizzell (6) and especially Lipman (4) provided 
evidence which suggested that the non-legume was aided 
because of the excretion or nitrogen by the legume.”
 During the summer of 1937 Wilson and Wyss placed 
in the greenhouse, under low light intensity, a series of 
jars planted with a mixture of soybeans and barley. The 
development of the soybeans was poor, but the barley plants 
in the association were markedly benefi tted. Address: Univ. 
of Wisconsin, Madison, Wisconsin.

1037. Bailey, C.F. 1937. Dominion Experimental Station, 
Fredericton, N.B. [New Brunswick]: Results of experiments 
1931-1936 inclusive. In: 1937. Experimental Farms Reports 
1930-1938, Branch Farm Reports (Eastern Edition). Ottawa, 
Canada: Canada Department of Agriculture, Dominion 
Experimental Farms. See p. 38-40.
• Summary: In the section on forage crops, the subsection 
titled “Annual Hays” (p. 38-39) notes that 90 lb of Mandarin 
soybeans yielded 2.02 tons/acre of hay and 90 lb of 
Wisconsin Black soybeans yielded 2.01 tons of hay. These 
soybeans were tested for 3 years, from 1934 to 1936. “The 
yields were not as large as those from either oats alone, 
the oat mixtures, or the millets. The hay, however, was of 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   494

© Copyright Soyinfo Center 2018

superior quality, as it had a high percentage of protein. By 
using straddles, this crop was readily made into hay... Oats, 
oat mixtures and soybeans were sown with an ordinary grain 
drill.”
 The next subsection, titled “Soybean,” states: “While 
the widespread interest shown by farmers in New Brunswick 
in the soybean is largely due to the good results obtained 
in other provinces of Canada, and the United States, where 
the growing season is longer, results obtained at this station 
indicate that fair yields can be obtained in this section of 
New Brunswick. When the high percentage of protein in the 
soybean is taken into consideration, the possibilities of this 
crop seem well worthy of consideration.
 “Early maturing soybeans have ripened satisfactorily 
every year. Medium early varieties usually ripen seed and 
they have produced the largest yields in favourable seasons... 
The late maturing varieties such as Manchu, Disco and 
O.A.C. 211 have not been suitable as a seed crop even in 
favourable years.
 “For the three years 1933, 1934 and 1935, Manchu 
(Hudson) and Mandarin, two medium early varieties, 
yielded an average of 26.61 and 26.6 bushels seed per 
acre respectively. In the same period Wisconsin Black and 
Manitoba Brown, two early varieties, yielded 24.69 and 
23.11 bushels per acre respectively...
 “Manitoba Brown, which is the earliest variety tested, 
required 117 days to mature in 1933 and 1934, and 130 days 
in 1935. Also discusses varietal tests in 1935 and 1936, effect 
of inoculation on yield, effect of superphosphate on maturity, 
and the use of soybeans for hay.
 Note: This document contains the earliest date seen for 
soybeans in New Brunswick, or the cultivation of soybeans 
in New Brunswick (1933). The source of these soybeans was 
probably other research stations in Canada. Address: B.S.A., 
Superintendent (of this station).

1038. Baird, W.W. 1937. Dominion Experimental Farm, 
Nappan, N.S. [Nova Scotia]: Results of experiments 1932-
1936. In: 1937. Experimental Farms Reports 1930-1938, 
Branch Farm Reports (Eastern Edition). Ottawa, Canada: 
Canada Department of Agriculture, Dominion Experimental 
Farms. See p. 36, 39-40.
• Summary: In the section titled “Forage Crops,” soybeans 
are fi rst discussed in the subsection titled “Annual Crops for 
Hay.” Wisconsin Black soybeans were one of a number of 
crops tested; 90 lb were seeded. They “produced a crop of 
hay which was only fairly satisfactory, but further tests may 
show these to have some value as an annual hay crop.”
 The subsection titled “Soybeans for Seed” states: 
“Soybeans are a comparatively new crop in this province. 
They have been compared with other crops for annual hay 
purposes in another section of this report... Only the earlier 
varieties can be matured with certainty under conditions 
as they exist in this locality. Manitoba Brown, the earliest 

variety tested, has matured every year during the past four 
years, but it has not yielded quite so well as some of the later 
maturing varieties, even though the later varieties had not 
entirely reached maturity when killed by frost. Wisconsin 
Black, which is about a week later in maturing than 
Manitoba Brown, has been successfully ripened.
 “Mandarin is about as late a variety as is likely to mature 
and it cannot be depended upon every year. O.A.C. 211 is 
later than Mandarin and has ripened in favourable years only. 
Manchu has not matured in any year of the test.
 “Manitoba Brown and Wisconsin Black are likely to 
be most satisfactory when full maturity is desired, although 
Mandarin has given a higher yield.
 “Substantial increases in yield have been secured by 
inoculation of the seed, which indicates that the seed should 
always be inoculated unless the organism is known to be 
present in the soil.” Address: Superintendent (of this station).

1039. Dieckmann-Heimburg, Adolf. 1937. Die Deutsche 
Sojabohne: Ihre Bedeutung fuer die Volkswirtschaft, 
Ernaehrung, und die Landwirtschaft [The German soybean: 
Its signifi cance for political economy, nutrition, and 
agriculture]. Berlin: Reichsnaerstand Verlags. 59 p. Illust. No 
index. 23 cm. [14 ref. Ger]
• Summary: Foreword. 1. The German supply situation. 2. 
The healthy diet of man and his actual food. 3. The soybean 
as a supplier of protein and fat in Germany’s struggle for 
food freedom. 4. The cultivation of soybeans in Germany. 5. 
New ways of food security and nutrition.
 Photos show: (1) Mature soybean plants growing in a 
fi eld (p. 25). (2) Different growth patterns of the soybean 
plant: early ripening, middle ripening, middle to late ripening 
(2 views). From the archives of Hansa-Muehle A.-G., 
Hamburg (p. 34). (3) Two more examples of the differing 
growth patterns of the soybean. Also from Hansa-Muehle 
(p. 35). (4) Part of a soybean plant, showing leaves and 
fl owers, Also from Hansa-Nuehle (p. 36). (5) Roots of an 
uprooted soybean plant with nitrogen-gathering root nodules; 
inoculated with Radicin. From the archives of the Radicin 
Institute, Westerade. Natural size (p. 39).
 (6) A stand of soybeans at the beginning of July (p. 40). 
(7) A fi eld of soybeans shortly before the time of blooming, 
From Hansa-Muehle (p. 42). (8) A soybean breeder assessing 
plants in a fi eld. From the archives on soybean breeding 
of Adolf Dieckmann-Heimburg (p. 44). (9) Elite soybean 
variety #1082 in the breeding nursery of Adolf Dieckmann-
Heimburg (p. 45). (10) A man in a fi eld of soybeans 
manually harvesting some early maturing varieties. From 
Adolf Dieckmann-Heimburg (p. 47). (11) A fi eld of ripe 
soybean plants (p. 48). Address: Heimburg-Harz, Germany.

1040. Hutchings, Theron B. 1937. Relation of phosphorus 
to growth, nodulation, and composition of soybeans. PhD 
thesis, University of Missouri–Columbia. In: Doctoral 
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Dissertations Accepted by American Universities, 1937. *
Address: Univ. of Missouri–Columbia.

1041. Kale, F.S. 1937. Soya bean: Its value in dietetics, 
cultivation and uses. With 300 recipes. 2nd ed. Baroda State, 
India: Baroda State Press. xxx + 375 p. Illust. (35 leaves of 
plates, described in a separate record). Index. 22 cm. 2nd ed. 
1937. [66 ref]
• Summary: Contents: 1. Defi ciencies in the Indian diet and 
soya bean as a means to rectify them. 2. History of the origin 
and growth of soya bean: Derivation of the word soya bean, 
origin of soya bean, literature, primitive man and soya bean, 
name of the plant, home of soya bean and its expansion, 
varieties of soya bean, the culture of soya bean is very 
remote (It “has been the chief article of diet in China for over 
7,000 years.”), reference of soya bean in old Chinese records, 
how and when soya bean became known to Europeans, soya 
bean in England (from 1890; J.L. North and Henry Ford), 
soya bean in France (from 1739), soya bean in Italy, soya 
bean in other countries of Europe, soya bean in United States 
of America, India and soya bean.
 3. The use of soya bean: Importance of soya bean, 
dietetic importance, industrial importance, agricultural 
importance (Russia, Mussolini in Italy), medical importance, 
soya bean is alkalising in its effect (“Soya bean milk as well 
as its fl our is used in foods for invalids and infants, like 
Nestle’s food”), longevity and soya bean.
 4. World trade in soya bean: Imports to Europe, 
production of soya bean in Manchuria (58% in North 
Manchuria), exports from Manchuria, oil and cake industry 
in Manchuria, soya bean production in Japan, in America, 
in Africa, in Australia, in Europe, in Java, in India, in 
other British possessions, estimate of world production 
of the soya bean, the desirability of the expansion of soya 
bean cultivation, imports and exports of soybeans, soya 
bean oil, and soya cake–1913-1927: Denmark, Holland, 
United States, Great Britain, Japan, France, Russia, China, 
Germany, Norway, Korea. Source: International Institute of 
Agriculture, Bureau of Statistics, 1921, p. 420-21. A table 
(p. 38) shows statistics for world production of soybeans “as 
estimated by the leading fi rm of London soya bean dealers” 
for various years from 1923 to 1929. This includes individual 
statistics each year for China [incl. Manchuria], Japan, and 
USA. The world totals in tons are: 3,095,000 (for 1923-25). 
3,397,000 (for 1926). 4,325,000 (for 1927). 6,000,000 (for 
1928), and 6,570,000 (for 1929; incl. China 5,250,000; Japan 
550,000; USA 250,000; Java & Dutch East Indies 120,000; 
Other Asiatic countries & Africa 400,000).
 5. Botany of the soya bean plant. 6. Classifi cation of 
soya bean. 7. Cultivation of soya bean. 8. Diseases and pests 
of soya bean. 9. Cultivation of soya bean in India. 10. The 
constituents of soya bean. 11. Soya bean milk. 12. Soya bean 
fl our. 13. Industrial uses of soya bean. 14. Enriching soil by 
addition of nitrogen and use of soya bean as fodder. 15. Food 

requirement of the human body. 16. European and American 
soya bean recipes. 17. Diabetic dishes, Mahatma Gandhi’s 
experiments at Magan Wadi and opinion of scientists on 
soya bean. 18. Chinese and Japanese soya bean dishes: 
Toffu [tofu] or soya bean curd: Digestibility, utilization, 
toffu khan, toffu nao [doufu nao], tze toffu (fried bean curd), 
chien chang toffu (thousand folds), hsiang khan, kori toffu 
(frozen toffu), preservation of toffu. Natto. Tokio natto and 
Kyoto natto etc. Hamanan natto [Hamanatto]. Yuba. Misso 
[miso]. Soya sauce. Soya bean confectionery. Roasted beans 
(Chinese).
 19. Indian soya bean dishes: Hindustani dishes, Moglai 
dishes, Gujarati dishes, Maharashtrian dishes, Bengali 
dishes, Goa dishes, Tanjore dishes. Appendixes. 1. Acreage 
of soya bean in Manchuria during the last 5 years. 2. Total 
fi gures of export during last 5 years. 3. Bibliography. 4. 
Some opinions about the fi rst edition of this book.
 The preface begins (p. iii): “This little book is written 
in response to innumerable inquiries I have had from time 
to time after the inauguration of the plantation ceremony of 
Soya Beans at the State Agricultural Experimental Station by 
H.H. the Maharaja Gaekwar of Baroda in November 1933.
 “A few months after this a food exhibition was held in 
Baroda where many Soya Bean dishes–Indian, European and 
Chinese–were exhibited. The leading papers and journals all 
over the country spoke in very glowing terms about the Soya 
Bean dishes that were exhibited... Later on at the request of 
Messrs. Mitsui Bussan Kaisha Ltd., a leading Japanese Firm 
in Bombay, a Soya Bean Exhibition and Restaurant were 
run in the Japanese village at the H.O.H. fete. So keen was 
the interest and enthusiasm evinced by the cosmopolitan 
public of Bombay that seats in the restaurant had to be 
reserved in advance. The presence of H.E. the Governor and 
Lady Brabourne and many Indian princes was an additional 
evidence of the ever growing popularity of the tasty Soya 
Bean dishes served there.
 “At the closing of the H.O.H. fete many prominent 
people of Bombay requested me to continue the restaurant 
at a convenient place in the city, and asked me to open soya-
bean milk centres for the children of the poor who could not 
afford to buy cow’s milk. Many were ready to fi nance any 
scheme that I would propose, but unfortunately my time was 
not my own as I had to attend to my duties in the State and 
could not take advantage of their generous offer.
 “The Departments of Agriculture of the various 
provinces of India as well as many Indian States asked me to 
supply them with literature regarding the cultivation and the 
uses of this most useful bean. The Department of Commerce 
and Industry of the Government of Bombay inquired if I 
could furnish them with information about the machinery for 
the extraction of Soya-bean milk. Letters of inquiries from 
private individuals kept pouring in daily from all parts of 
India. All this has induced me to undertake the preparation 
and the publication of this book...
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 “From the number of experiments carried on in the 
Baroda territories and outside it, I feel sure that the Indian 
soil is most suitable for the cultivation of soya bean...
 “The leading thought of the day in India is, ‘Village 
uplift,’ and ‘Rural reconstruction.’
 “Baroda, 7th January 1936, F.S.K. (p. iv)
 “Preface to the Second Edition: I feel grateful to the 
public for having given such a hearty reception to the fi rst 
edition of my book. It is running into a second edition within 
a year...
 “Now, Soya Bean Bakeries and Restaurants have been 
started in the city of Bombay and in many other towns in 
India, and Soya Bean products are exhibited in almost all the 
exhibitions...
 “I feel highly thankful to His Highness the Maharaja 
of Baroda who gave me an opportunity last year of visiting 
Russia, where I have seen that seven to ten per cent. of Soya 
Bean fl our was being added to the wheat fl our in order to 
enhance the nutritive value of the bread. The Soya Research 
Institute at Moscow is making researches into the nutritive, 
industrial and economical values of Soya Bean. I have seen 
there the actual working of the Soya-bean milk extracting 
plant. They make casein out of Soya-bean milk. Soya-bean 
cream is sold in the market.
 “I visited the dietetic clinics in England, France, 
Germany, Austria and other European countries, where 
doctors prescribe Soya Bean bread for diabetic patients. 
In Russia, rickets and consumption are treated by Soyolk 
extracted out of Soya Bean...
 “France is growing Soya Bean on côlt de jura [sic, Côte 
d’Azur, on the Mediterranean?]. In England, through the 
efforts of Mr. J.L. North, Soya Bean is realised as a fi eld crop 
for the last two years.
 “Paris, 3rd April 1937. F.S.K. (p. ix).”
 Note: author’s name is pronounced KAL-ay, not KAYL 
(rhymes with tail or sail). (Continued). Address: Food Survey 
Offi cer, Baroda State, India.

1042. Kale, F.S. 1937. Soya bean: Its value in dietetics, 
cultivation and uses. With 300 recipes. 2nd ed. Chapter 9. 
Cultivation of soya bean in India (Document part). Baroda 
State, India: Baroda State Press. xxx + 375 p. See p. 79-111.
• Summary: Contents: Experiments in Baroda State (1934 
and 1935) (p. 79-83): In June 1934, 15 lbs. of good seed was 
acquired by F.S. Kale, the Offi cer in Charge, Food Survey 
Department, Baroda state. Describes: Preparatory tillage, 
sowing on July 12, germination, interculturing [hoeing], 
gap fi lling, pod formation, ripening of pods on Sept. 26, 
harvesting, thrashing (by beating of sticks), yield (167 lb of 
seed total), cost of cultivation, net profi t, and net profi t per 
acre (in rupees). Experiment of 1935, using acclimatized 
seed from last year’s crop. The germination rate increased 
to 95% from 60% in 1934. The average number of pods per 
plant increased to 130 from 110. The yield doubled (given in 

maunds and seers). Signed: Hargovind Bavabhai Patel. Food 
Surveyor’s remarks.
 Cultivation of soya bean in Surveys Nos. 199-212, 
supervised by Ranchhod Raghav Baria, head man of the 
village, Kerianagas, Amreli District, Gujarat (p. 83-85): The 
seed was given to 16-17 farmers; some intercropped it with 
cotton and others with Bajri [pearl millet]. After sowing, 
the soya bean was attacked by a beetle and so about 1/3 of 
the seed was spoiled. After 15 days only half the crop had 
survived. When pod formation began, crows and parrots 
began to attack the plants; half the pods were spoiled or 
damaged by them. Then the monsoons brought less rain than 
usual. The growth of both cotton and bajri was clearly aided 
by the soya bean. Food surveyor’s remarks: “We are very 
hopeful that this part of Gujarat will be very well suited for 
soya bean crop.”
 Experiments of 1934 at the Baroda Agricultural 
Experiment Station. Soya bean–fodder type (p. 86-90): Two 
varieties of soya beans were planted in 1934: Poona greenish 
white, and Poona yellowish white, both brought from Poona 
Agricultural College. Both were planted on July 3, fl owered 
on Sept. 28 and 29 respectively, pod formation on Oct. 
20 and 15 respectively, both harvested on Dec. 4. A photo 
shows one plant that had more than 500 pods. Description of 
varieties. For Poona greenish white: Preparation of the soil, 
cultivation, ripening, harvesting (using a sickle), how to cure 
it for hay, the yield (900 lb per acre of seed, or 3-4 tons per 
acre of green crop). “We have given the green fodder to the 
bullocks on the farm and it seems that they relish it much and 
they put on more fat and seemed to be healthy and strong. 
The plants when uprooted showed the growth of big nodules 
on the roots. For Poona yellowish white, the seed yield was 
460 lb per acre and the yield of green matter was only about 
75% as much. Mammoth Yellow soya beans from Baroda 
contained 41.1% protein and 9.9% moisture; the same soya 
beans from Manchuria contained 38.5% protein and 9.7% 
moisture.
 Dep. of Agriculture, Central Provinces and Berar (p. 90-
94): Soya bean (“In this province the Agriculture Department 
started some preliminary work on this crop as early as 1911. 
A collection of different varieties from foreign countries 
was made and grown on the Nagpur farm. Particular 
attention was given to acclimatize it and to obtain suitable 
high-yielding early strains, possessing at the same time a 
satisfactory percentage of oil. The work continued for some 
years but the results obtained were not satisfactory as none of 
the varieties were acclimatized. Further work was, therefore, 
dropped and the growing of Soya beans did not make any 
headway.
 “In 1927, the Botanical station started the investigation 
of fodder supplies, and in this connection a large number of 
leguminous crops including Soya beans were tested. Of the 
Soya beans, two varieties, viz., Java black and Wilson early, 
were tested and gave encouraging results as regards their 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   497

© Copyright Soyinfo Center 2018

yield of green fodder” per acre (the sum of two cuttings)):
 In a table of 7 crops: #1. Alysicarpus rugosus (Shevra) 
20,105 lb per acre. #2. Glycine hispida (Soya bean Java 
black) 12,505 lb per acre. #4. Glycine hispida (Soya bean 
Wilson early) 11,905 lb per acre.
 In recent years, tests of seed production have also been 
carried out on soybean. “A large number of fresh varieties 
from Kalimpong (Bengal), Kuala Lumpur (Federated Malay 
States), Barberton ([Ohio] USA) and Leningrad [USSR], 
etc. were obtained and tested. Of these, three white seeded 
and one black seeded varieties gave promising results as 
regards their adaptability, earliness and yield.” An analysis 
(see table) of their chemical composition shows “that these 
selected strains are about 1½ times more nutritious than 
mung and urid and also contain a high percentage of oil” 
[12.8 to 15.2% compared with 0.73 to 1.46%].
 “With a view to test its taste and other cooking qualities, 
the selected and acclimatized varieties were distributed for 
trial in small quantities amongst garden servants and some 
offi cials in Craddock Town, Nagpur. Their report shows that 
the soya bean is quite palatable and does not suffer from 
bad taste on account of the high percentage of oil. When 
ground into fl our it can be mixed with wheat fl our to make 
chapatis, puris, kachoris, fritters (bhajias) and other Indian 
preparations. One drawback, however, which has been 
noticed, is that it does not very well mix with [absorb] water 
in the preparation of ‘dal’ like other pulses.”
 The biggest problem is that India conservative farmers 
“take a long time to add a new crop to those already grown, 
unless they can be persuaded that the crop will bring them 
more profi t per acre.”
 Soya beans in Berar, by Mr. R.R. Dokras, B.A., LL.B., 
Chandur, Berar (p. 94-98): Improves soils (“It is of great 
value to persons who must abstain from meat and thus is 
a great help to the vegetarian population of the country”). 
Can be grown in Berar (“all over on a profi table commercial 
basis”). My experience (“growing soya bean from 1931 to 
1934). A helpful crop. Best cattle feed.
 Imperial Department of Agriculture of India, by 
Mr. Wynne Sayer, Esq., B.A., Dip. Agri. (Cantab.) Offg. 
Imperial Agriculturist, Pusa, Bihar (p. 98-101): Summarizes 
the strengths and weakness of the crop. “3. In India it is 
generally used as green vegetables, dal and sattoo.” “4. 
Experts in India and outside are unanimously of the opinion 
that extension of soya bean cultivation is of great economic 
value as human food, cattle food and as seed of commercial 
interest in various industries.”
 “The only drawback is that there is no ready market 
for its disposal in India as the people of this country are 
generally ignorant of its valuable properties–an ignorance 
which can only be removed with the advancement of 
scientifi c knowledge and propaganda among the people.”
 Soya Bean (Glycine hispida Maxim), by M. Wynne 
Sayer, Esq., B.A., Dip. Agri. (Cantab.) Offg. Imperial 

Agriculturist, Pusa, Bihar (p. 101-07): Introduction: “The 
soya bean... is cultivated extensively throughout India, 
chiefl y in the north Indian tract which extends from the 
Punjab to the Khasia and Manipur Hills and Burma. It is also 
grown on the slopes of the Himalayas up to an altitude of 
6,000 feet” (Duthie 1905, Watt 1890). Economic importance 
of the soya bean: “The bean is much appreciated as human 
food on account of its protein and vitamin contents of high 
physiological value... It occupies a position next to rice in 
China and Japan. Various preparations such as Tofu (Soy-
cheese), Miso (Soy-paste), Shoyu (Soy-sauce), etc. are 
made from the bean and widely used in those countries... 
In India it is used in various forms such as sattu, atta and 
dal. Cultivation of fodder-type soya-bean. Green fodder 
for cattle: At Pusa farm, cattle are grazed on soya bean in 
November. Green manure. Standard varieties of soya bean on 
the Pusa Farm: A table shows 10 varieties from 1917-1923, 
with the yield of each. The varieties: Local (Pusa), Nepali 
twining, Riceland, Barchet, Black early, Black late, Yellow 
hilum brown (highest yield, 1127.9 lb/acre), Chocolate (#2 
highest yield, 1026.5 lb/acre), Assam, Barmeli. Chemical 
composition (table) of Yellow, Chocolate, and Black early.
 Soya bean, by R.R. Rao Bahadur D. Ananda Rao Garu, 
B.Sc., Director of Agriculture, Madras (p. 107-08): “Soya 
bean is under trial from 1932 in the Research stations 
Aduturai, Maruteru, Hagari, Nandyal and Samalkota. The 
two varieties of Soya bean from Burma viz. Behrum and 
Pengypi have done well and the trials are being continued.
 Soya bean, by K.S. Kulkarny, Professor of Agriculture, 
Agricultural College, Poona (p. 108-09). Gives basic 
information about cultivation of soya bean.
 Soya bean, by H.H. Stewart, Esquire, I.A.S., Director 
of Agriculture, Punjab (p. 109-110): “The area under soya 
bean crop in this province is practically nil. The crop has 
been tried on a few experimental farms of the Agricultural 
Department, where it yielded 12 to 16 maunds of seed per 
acre.”
 Soya bean, by the Superintendent of Agriculture, 
Darjeeling, Kalimpong (p. 110-11) [as of Sept. 2010 
Darjeeling and Kalimpong are neighboring towns in the 
Indian state of West Bengal]: “Soya bean is cultivated chiefl y 
as a secondary crop in rotation after maize or on the Alis or 
ridges of the paddy fi elds. The approximate 5 years’ average 
under this crop in the Darjeeling District is about 200 acres; 
but in the neighbouring independent States, such as Sikkim, 
Bhutan and Nepal the approximate average is 750 to 800 
acres. The average yield for 5 years would be about 7,500 
to 8,000 maunds and there are 6 or 7 varieties of soya beans 
grown in and around this district.” The crop is grown mainly 
for seed and human consumption, also as a green-manuring 
crop in Tea Estates. Address: Paris, France; Formerly: Food 
Survey Offi cer, Baroda State, India.

1043. Kale, F.S. 1937. Soya bean: Its value in dietetics, 
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cultivation and uses. With 300 recipes. 2nd ed. Photos and 
illustrations (Continued–Document part II). Baroda State, 
India: Baroda State Press. xxx + 375 p. Illust. (35 leaves of 
plates). 22 cm. 2nd ed. 1937. [66 ref]
• Summary: Photos (mostly original) show: (1) “H.H. 
the Maharaja Gaekwar of Baroda the fi rst Indian Ruler 
to inaugurate the soya bean plantation ceremony in his 
State 24th November 1933” (frontispiece, facing the title 
page). (2) “Dedicated to my noble master, His Highness 
the Maharajah Sir Sayajirao Gaekwar, G.C.S.I., G.C.I.E., 
Farzande-Khas-e- Daulate-Englishia (p. 1). (3) Soya bean 
ready for shipment at port Dairen, South Manchuria (p. 28). 
(4) View of Dairen harbour with bags of soya bean ready for 
shipment (p. 30). (5) Transport of soya beans [on sleds] on 
the frozen Liao-ho River near New-chwang [Newchwang, 
later Yingkou], North Manchuria (p. 31). (6) The Maharaja 
of Baroda seated in a chair, lecturing on the dietetic and 
industrial importance of soya bean (p. 37). (7) The Indian 
method of interculturing; two bullocks in a fi eld (p. 80). 
(8) Bavabhai B. Patel, 65-year-old farmer interested in the 
cultivation of soya bean, in a fi eld of soya beans with two 
bullocks (p. 82). (9) A fi eld of soya beans grown [in 1934 
or 1935] by Hargovan Bavabhai Patel, of Achisara, Taluka 
Sinor, Baroda District; he has been awarded the fi rst prize 
for his good cultivation (p. 84). (10) A soya bean plant 
having more than 500 pods, fodder type variety grown at 
the Agricultural Experiment Station, Baroda (p. 86). (11) 
Poona fodder type green variety grown at the Agricultural 
Experiment Station, Baroda (p. 89). (12) Bags of soya bean 
seeds grown as Baroda State crop of 1935 (p. 91). (13) The 
luxuriant growth of the fodder type variety at the Baroda 
Agricultural Experiment Station (p. 103). (14) “The biggest 
soya bean milk factory at Moscow (Russia).” Four small 
photos show the plant at work, “Milking the earth” (p. 138). 
(15) “The author’s own child 3 months’ old fed on soya bean 
milk” (p. 144). (16) “Soya bean oil pressing mill worked by 
hydraulic power” (p. 158). (17) The Palace Bakery–”The 
fi rst soya bean Bakery in India” (p. 196). (18) “Mahatma 
Gandhi who uses soya bean at Maganwadi” (p. 251). (19) 
Many people seated at tables in the “Soya Bean Preparation 
Restaurant” at the H.O.H. Fete, Bombay (p. 278). (20) Many 
Indian men standing at the “Soya Bean Restaurant at the 
Rural Life Exhibition, Baroda, on the occasion of H.H.’s 
Diamond Jubilee, 7 Jan. 1936 (p. 332).
 Illustrations show: (1) “Shen-Nung. The Chinese 
emperor 2838 B.C. called ‘the heavenly farmer.’ He used to 
plant Soya bean every year with great ceremony” (p. 17). (2) 
A plant with branches showing the various ways in which 
the soya bean plants and seeds are used (p. 23). (3) Cartoon 
(from the American Medical Assoc. cartoon series) of a 
skeleton raising a glass of milk in one hand; he is standing 
behind a table on which is a bowl labeled “impure milk.” 
The caption: “’I drink to the death of the whole table’–the 
dangers of contaminated milk” (p. 132). Address: Paris, 

France; Formerly: Food Survey Offi cer, Baroda State, India.

1044. Mumford, H.W. 1937. A year’s progress in solving 
farm problems of Illinois. Illinois Agricultural Experiment 
Station, Annual Report 49:1-331. For the year ended June 30, 
1936.
• Summary: Soybeans are discussed in the following 
sections and pages: Soils and crop investigations: Soybeans 
are soil improvers if properly handled (p. 29-30; “Rising 
importance of the soybean in Illinois agriculture is indicated 
by the fat that more than 1,500,000 acres are now grown 
annually in the state.” Best results for soil improvement 
are secured when the entire crop is plowed under as green 
manure. “The soybean defi nitely improves the tilth of 
the soil. This tendency to loosen the soil makes it easy to 
prepare a seedbed). Long-time studies guide expansion in 
soybean crop (p. 30-31). Breeding may advance soybean 
crop still further (p. 31-33). Inoculation studies further 
growing of legumes (p. 33). Shrinkage of hay studied to 
improve handling methods (p. 47-48; includes soybean hay). 
Search for new crops and new outlets is continued (p. 64-65; 
“Studies on the utilization of soybean oil for paint purposes 
have been continued during the past year with gratifying 
results”).
 Livestock investigations: Further tests needed to 
evaluate protein supplements (p. 66-67; incl. old-process 
soybean oil meal and tankage). Lespedeza and soybean hays 
put same gain on steers (p. 82-83). Soybeans much poorer 
than yellow corn in vitamin A (p. 83). Soybean oil meal 
found good protein feed for chicks (p. 120-21).
 Entomology investigations: Distillate, soybean oil aid in 
coddling moth control (p. 159-60). 
 Agricultural economics investigations: Part of increased 
soybean demand may be permanent (p. 188-91; A graph 
{Fig. 32} shows net U.S. soybean imports and domestic 
production {including the bean equivalent of oil} from 1912 
to 1936. The period from 1915 to 1921–during World War 
I–was an era of imports; the peak year was 1918. Domestic 
soybean production is shown as starting in 1922. The fi rst 
soybean exports were in 1932. 
 A bar chart {Fig. 33} shows “Factory consumption of 
soybean oil in the United States for various major purposes” 
from 1929 to 1936 estimate. The consumption rose rapidly 
after 1934. Edible products accounted for about 50% of 
the total, followed by {2} Miscellaneous inedible products, 
{3} Paint, varnish & printing ink, and {4} linoleum and 
oilcloth). Abnormal conditions back of 1935 soybean 
expansion (p. 191-92; The main two conditions were the 
more general distribution of soybeans in Illinois and the 
greater concentration in the heaviest producing areas). Costs 
of production rising with better farm prices (p. 193-94; Table 
43 shows the cost of producing eight selected crops–incl. 
soybeans, harvested with a combine–in East-Central Illinois 
in 1933 and 1934). Costs of harvesting with combines were 
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low in 1935 (p. 194-96. A table includes data on soybeans). 
Crop adjustment by farming type area is studied (p. 197-
300). Smaller combines make satisfactory records in tests (p. 
230-32). New methods of drying grain and hay are tested (p. 
233-36).
 Horticultural investigations: Spring-plowed green 
manure may lower truck yields (p. 267-68).
 Home economics investigations: Studies of soybeans 
as human food are continued (p. 294-97. “Soybeans as 
green vegetables offer great promise as a food.” “During 
the current year the Department of Agronomy has grown 
and the Department of Home Economics has tested ninety-
fi ve varieties for palatability and other factors. Part of these 
have been vegetable, or edible types, so called because 
they are used as food in the orient; the remainder have been 
fi eld types, accepted as being valuable for forage, seed, and 
industrial purposes.” The “vegetable types 81044-1, 81780, 
85666, 87615, and Higan Mame, and the fi eld type, Illini,” 
all have superior properties for food use. “It was a pleasing 
coincidence that the varieties which were considered most 
palatable also gave very high yields in the fi eld”).
 Note: This is the earliest document seen (April 2013) 
that clearly distinguishes between “vegetable, or edible 
types” of soybeans and “fi eld types.” Address: Dean and 
Director of the Station, Urbana, Illinois.

1045. Reid, James J. 1937. The infective ability of rhizobia 
on the soybean, cowpea, and lupine cross-inoculation groups. 
PhD thesis, The University of Wisconsin–Madison. In: 
Doctoral Dissertations Accepted by American Universities, 
1937. *
Address: The Univ. of Wisconsin–Madison.

1046. Wilson, P.W.; Umbreit, W.W. 1937. Fixation and 
transfer of nitrogen in the soybean. Zentralblatt fuer 
Bakteriologie. Series 2. 96:402-11. [10 ref. Eng; eng]
• Summary: According to Wilson (1940, p. 89-90), the 
authors identify three phases:
 “1. In the early stages of fi xation a comparatively large 
proportion of the nitrogen fi xed is retained by the nodule. 
During this period the nodules are developing comparatively 
much more rapidly than the rest of the plant. Although the 
nodules represent less than 10 per cent of the plant, they 
may retain as much as 30 to 50 per cent of the total nitrogen 
fi xed. This stage apparently lasts only a short time and it may 
not be observed at all if the initial harvests are taken after 
fi xation is well under way.
 “2. The second stage coincides with the period of plant 
development, in which growth and assimilation of nitrogen 
are logarithmic. During this period, which was the stage 
emphasized by Bond [1936], a fairly constant quantity of the 
nitrogen fi xed is transferred from nodule to plant (80 to 90 
per cent), and the proportion of the plant represented by the 
nodule also remains constant.

 “3. In the fi nal stages of growth, nitrogen fi xation ceases 
to be logarithmic, and the transfer of nitrogen may increase 
to 90-100 per cent and even more. During the reproductive 
phase of the plant’s development, fl ower and fruit draw 
heavily on the nitrogen stores in other portions of the plant, 
including the nodules. In this period the percentage of 
the plant represented by the nodules may decrease, since 
top growth predominates.” Address: Dep. of Agricultural 
Bacteriology, Univ. of Wisconsin, Madison.

1047. Hartz, Jacob. 1937? Soybeans in the South. Paper 
presented to farmers in Arkansas. 4 p. typescript. Undated. 
Unpublished manuscript. 28 cm.
• Summary: This lecture, which has no date or title, was 
almost certainly presented by Jacob Hartz in late 1937 
or early 1938 (see L. Windish 1981, p. 94). It begins: “I 
thought it would be interesting to relate the experience we 
have had in the past thirteen years, in growing, marketing 
and experimenting with various varieties of Soy Beans in 
our section of the state, the Rice Belt. So we trust you will 
excuse occasional personal references that will be made in 
our talk.
 “Being in the seed growing and marketing business, as 
well as conducting a farm supply and equipment business, 
it was only natural that we fi rst acquaint ourselves with the 
agricultural possibilities of Soy Beans in the territory that we 
serve with our stores, which is strictly agricultural, and only 
a few years ago was practically a one crop territory, rice.
 “Because our Rice lands were becoming badly infested 
with water grass and other noxious weeds, and our rice 
production per acre was declining rapidly, my associates in 
business and I could see the necessity of introducing a crop 
that would not only clean up our rice lands, but would also 
put fertility back into the soil, to try to build back our yield 
per acre, to somewhere near where it was when our land was 
fi rst farmed in rice.
 “This was in 1925 and Soy Beans were just beginning 
to be recognized as a soil building crop in the United States, 
and the possibilities for them as a commercial crop looked 
good, so we decided to introduce Soy Beans as the crop for 
our farmer customers and friends to adopt in cleaning up and 
building up our worn out Rice Lands.
 “We enlisted the support of our bank, they agreeing to 
pay for twenty bushels of Laredo Soy Beans, we to distribute 
them and follow up the results. We gave them away in lots of 
one peck and one-half bushels to our key farmers. From this 
small start in 1925 we have pushed the culture of Soy Beans 
in the Rice Belt of Arkansas until the acreage has grown to 
the point that in 1937 there were more than 60,000 acres 
planted in our territory. From the start of this movement we 
promised our farmers a cash market for all the Soy Beans 
they would bring to us, in marketable condition and suitable 
for seed purposes.
 “We have truly lived up to this promise, and he results of 
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this program can be seen by the new seed plant and elevator 
we have recently completed at a cost of about forty thousand 
dollars. And our section is now considered a chief source of 
supply for Soy Beans seed.
 “We shipped the fi rst Soy Beans to be used for 
processing or milling purposes in June 1937, have already 
shipped several cars for crushing this year, and at the present 
time it looks like we will have 25 or more cars above seed 
trade requirements.
 “In my opinion, I see soy beans as one of the major 
crops of the South in the next ten years. If you had been told 
ten years ago that the United States would produce about 
forty million bushels of Soy Beans in 1935, 29 million in 
1936, and 40 million in 1937, you would have had a good 
laugh, but this is what actually happened. You would still 
have had a better laugh if anyone had even suggested that 
soy beans would be traded in on the Chicago Board of Trade 
in both spots and futures in 1936. Yet the fellow who dubbed 
soy beans as being the infant of the 1936 commodity markets 
was certainly right, as the new born babe is cutting wath [sic, 
teeth?] for himself, at the present time.
 “Our basis of prediction for soybeans being one of 
the major coming crops of the South is based on three 
fundamental facts: fi rst the adaptability of the plant in all 
cotton and corn growing sections of the South; second, 
the recognized value of soybeans by the farmers as a land 
builder and a forage crop; and, third, the cotton seed crushing 
industry of the South is highly over-industrialized and is 
clamoring for an auxiliary product to use in addition to 
cotton seed, with which to keep their plants busy during their 
slack periods. This situation will be more pronounced since 
the Farm Bill was passed, curtailing the cotton acreage about 
one third.
 “My friend G.H. [George Heartsill] Banks, former 
Director of our Rice Branch Experiment Station, refers to 
Soybeans as being the triple threat crop of the legume plants: 
fi rst, as a soil builder, second, as a forage crop, and third, 
as a grain crop. We will take up the merits of the plant in 
their rotation. As a summer legume for soil building, we 
believe most Southern Farmers will agree that the crop has 
no superior and is better than most summer legumes. The 
crop adapts itself to most every type of soil and will do well 
wherever corn or cotton is grown.
 “As a forage crop, we believe soy beans can be 
produced cheaper per ton in the South than any other legume. 
When the proper hay varieties are seeded, such as OTooTan 
and Southern Laredos, yields of two to three and one-half 
tons of hay per acre are being made, depending, of course, 
upon the richness of the soil.
 “In our opinion, however, the greatest possibility for 
the crop in the South is as a grain producer. The farmers 
of Illinois, Indiana and Iowa are fi nding soybeans very 
profi table to grow on their very best and highest priced corn 
land. These beans, as you know, are sold to the Soy Bean 

crushing industry. This is a new industry that has sprung up 
in the North in the past ten years, and in this connection, we 
might say this industry is giving our cotton seed crushers 
plenty of competition, which they would have been in better 
shape to meet had they recognized the possibilities of Soy 
Beans as an auxiliary crushing crop a decade ago.
 “By encouraging the farmers of the South to go into 
soybeans as a secondary money crop at that time, they 
would now be in position to meet the soybean meal and oil 
competition they are having, with the same product, which 
has many more and varied uses than have cotton seed oil 
and meal. when it is realized that the average amount of 
lint cotton per acre produced in Arkansas and the South is 
about 186 pounds, you can readily see the need of a rotation 
crop, such as soy beans, to help rebuild and maintain the 
productiveness of our soils.” Address: Stuttgart, Arkansas.

1048. Bond, George. 1938. Excretion of nitrogenous 
substances from leguminous root nodules: Observations on 
soya bean. Annals of Botany (London) 2(1):61-74. Jan. New 
Series. [16 ref]
• Summary: In Manchu soya beans, there was “no evidence 
of the occurrence of appreciable excretion.
 “This result was confi rmed in other experiments in 
which barley were grown in the same pots as soya beans. 
There was no evidence whatever of uptake of nitrogen by the 
barley plants.
 “After giving due consideration to the possibility of 
immediate reabsorption of the excretion having occurred 
in the experiments depending analysis, and to that of non-
availability of the excretion in the mixed cultures, it is 
concluded that in every probability there was no appreciable 
excretion in these experiments.”
 Note: In certain other legumes, excretion of nitrogenous 
substances from the nodules into the substrate has been 
demonstrated (Weiss 1949, p. 105). Address: PhD, Dep. of 
Botany, Univ. of Glasgow.

1049. Bond, George. 1938. Fixation and transfer of 
nitrogen in soya bean: a reply to criticism. Zentralblatt fuer 
Bakteriologie. Series 2 98:32-36. [8 ref]
• Summary: “Summary: This article is a reply to a paper 
by Wilson and Umbreit (8) in which, while confi rming 
the present writer’s observations (1, 2) on the transfer of 
nitrogen from the root nodules of a legume (Soya bean) to 
the remainder of the plant, they criticise his interpretation of 
the data.” Address: Dep. of Botany, Univ. of Glasgow.

1050. Fred, E.B.; Wilson, P.W.; Wyss, O. 1938. Light 
intensity and the nitrogen hunger period in the Manchu 
soybean. Proceedings of the National Academy of Sciences, 
USA 24(1):46-52. Jan. [3 ref]
• Summary: “Leguminous plants grown on a nitrogen-poor 
substrate and dependent on the fi xation of atmospheric 
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nitrogen for their supply of this element frequently exhibit 
during this development a ‘period of nitrogen hunger.’ This 
period occurs fairly early in the growth of the plant, when 
the stores of nitrogen in the seed have been exhausted and 
before the centers of fi xation, the nodules, have developed 
suffi ciently to meet the ever-increasing demands of the plant 
for nitrogen.” Address: Depts. of Agricultural Bacteriology 
and Agricultural Chemistry, Univ. of Wisconsin.

1051. Umbreit, W.W.; Burris, R.H. 1938. Composition of 
soybean nodules and root nodule bacteria. Soil Science 
45(2):112-26. Feb. [30 ref]
• Summary: Searches for intermediate products in the 
nodules have proven fruitless. “Few studies have been 
conducted on the chemical composition of either of the 
symbionts concerned in biological nitrogen fi xation through 
association of the root nodule bacteria (Rhizobium sp.) and 
leguminous plants. Such information is becoming necessary 
both for its intrinsic value and for its integration with the 
results of other types of studies on the symbiotic nitrogen 
fi xation problem (physiological, physicochemical), which are 
already far in advance.” Address: Univ. of Wisconsin.

1052. Dworak, Lajos. 1938. Szojaojtasi kiserletek 1937. evi 
eredmenyei [Results of soybean inoculation experiments of 
1937]. Koztelek (Common Ground) 48(3):186-87. March 6. 
[Hun]*
Address: Hungary.

1053. Toxopeus, H.J. 1938. Over het voorkomen van de 
knolletjesbacteriën van kedelee (sojaboon) in verband met de 
wenschelijkheid van enten van het zaaizaad [The frequency 
of Rhizobium japonicum (the of root nodule bacteria of 
the soybean) in the soils of the Netherlands East Indies 
and the desirability of inoculation of the seeds]. Landbouw 
(Buitenzorg, Java) 14(4):197-215. April. [5 ref. Dut; eng]
• Summary: “Rhizobium japonicum could not be found in 
soils on which soybeans had never before been grown. On 
all commercial seed the organism was found and it must be 
these bacteria that cause the formation of the few nodules 
on the roots of some plants in soils, where soybeans are 
grown for the fi rst time.” Address: Plantkundig Laboratorium 
van het Algemeen Proefstation voor den Landbouw te 
Buitenzorg, Java.

1054. Gouin, Raoul. 1938. Le soja, fourrage vert [The 
soybean, green forage]. Agriculture Pratique (L’) 
102(19):657-59. May 7. [Fre]
• Summary: Contents: Introduction. Seeds. Manure and 
bacteria. Varieties. Seed production. Harvest. Nutritive value.
 From August to September the soybean provides large 
quantities of an excellent green forage. A photo shows 
nodules on the roots of soybean plants. Tables show: (1) 
Green soybean forage. The three columns are: Coeffi cient of 

digestibility of various nutrients. Before fl owering (Corrado 
Paci), Cremone / Crémone. Average (Lechartier) Britain. 
The rows are: Dry matter. Crude protein. Oils and fats. Non-
nitrogen extracts. Cellulose. Ash. Nutritive value as starch. 
Medium yield per hectare. Units of starch per hectare.
 (2) Production of soybean forage in 1934, 1935, and 
1935. For each year gives the weight (in quintals) of green 
forage (ranges from 240 to 325), the dry matter, percentage 
of protein in the dry matter, amount of protein per hectare 
(ranges from 82 to 87). Address: Ingenieur Agronome, 
France.

1055. Beeson, K.E. 1938. Soybeans in Indiana. Indiana 
(Purdue) Agricultural College, Extension Bulletin No. 231. 
16 p. May. Revised in Feb. 1944 and 1955.
• Summary:  Contents: Introduction. Uses. Soil building. 
Green manure. Erosion. Inoculation. Seed storage and 
selection. Varieties. Yellow varieties: Richland, Mandell, 
Dunfi eld, Illini. Manchu. Colored soybeans. Bland and 
brown soybeans: Kingwa, Wilson. Soil preparation and 
time of seeding. Rate and method of seeding. Cultivation. 
Harvesting for hay. Harvesting for seed. Future (about 
750,000 acres of soybeans are grown each year in Indiana; of 
these about half are harvested for commercial uses).
 “Summary: From a few thousand acres grown in the 
State twenty-fi ve years ago to over three-quarters of a million 
acres grown in l937 is the remarkable history of soybeans 
which now rank as one of Indiana’s major crops with an 
annual value of from fi fteen to twenty million dollars. Need 
for hay, and demand for seed promoted the early acreage 
expansion. The adaptation of the combined harvester-
thresher to corn belt conditions, and the development of 
soybean oil mills made possible the expansion of soybean 
acreage for cash crop purposes. Soybean oilmeal, oil, and 
fl our going into livestock feeding, human food and industrial 
fi elds provide the outlets needed for these soybean products.
 “Soybean hay is equal to red c1over in feeding value.
 “Soybean oilmeal compares favorably with other 
supplements of similar protein content in livestock rations.
 “Soybeans are not as effective soil builders as clovers 
because much less residue is left in the soil.
 “Under most soil conditions, soybeans should be used as 
a supplementary legume to clovers in the rotation.
 “Yields of small grain are usually benefi ted by soybeans, 
but should be liberally fertilized with phosphate and potash.
 “With a good cover crop such as wheat or rye following 
solid seeded soybeans, danger of erosion is not great.
 “Seed should be inoculated until soil in the producing 
fi eld carries abundant inoculation as indicated by many 
nodules clustered on the roots of the soybeans.
 “Varieties should be selected according to the section of 
the State in which they are to be grown and the use for which 
they are intended.
 “A seed bed prepared as for corn, with thorough weed 
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control practices both before and after planting, is essential 
for success with soybeans.
 “For maximum feeding value of the hay, the seed should 
be well developed in the pod before harvest.
 “Oil mills prefer yellow varieties that are rich in both oil 
and protein.”
 Photos show: (1) A farmer in a fi eld of soybeans, seated 
on a cultivator, pulled by two horses. “Cultivating soybeans 
while weeds are in the ‘white’ is essential to weed control, 
and helps struggling soybean plants through a crusted soil. 
The rotary hoe is extensively used by growers. Cultivation 
from shortly after seeding until soybeans are ten to twelve 
inches high may be practiced.
 (2) A farmer seated on a plow pulled by 5-6 mules in a 
large fi eld of soybeans. “A crop of soybeans plowed under 
for green manure leaves as much nitrogen per acre as a good 
crop of clover.”

 (3) A farmer inoculating soybeans, standing with a 
shovel in the back of his truck. “Inoculation should be 
carried on for seed for each fi eld until roots are covered with 
an abundance of nodules.”
 (4) Two farmers, one standing and one seated on a rig, 
each pulled by a team of mules or horses. “Soybeans require 
a thoroughly prepared seed bed.”
 (5) Many piles of soybeans in a fi eld. “Soybeans for hay 
are widely used. Approximately half of the soybean acreage 
annually is used for this purpose.
 (6) “A combined harvester-thresher is extensively used 
by farmers who produce soybeans as a cash crop.” Address: 
Div. of Agronomy.

1056. Bieberdorf, Fredrick Wilhelm. 1938. The cytology and 
histology of the root nodules of some Leguminosae. J. of the 
American Society of Agronomy 39(5):375-89. May. [7 ref]
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• Summary: Focuses on soybean, 
cowpea, alfalfa, sweetclover, vetch, and 
peanut. There is a substantial section 
(p. 376+) on “Nodule development in 
soybean” including: Infection of host 
tissue. Development of conductive tissue. 
Meristematic activity. Sclerenchyma in 
soybean nodules. Vacuoles in bacteriodal 
tissue. Starch grains in nodules.
 Note: Soy is mentioned 46 times in 
this paper, always in the form “soybean” 
or “soybeans.” Address: Assoc. Prof. of 
Biology, St. Olaf College, Northfi eld, 
Minnesota.

1057. Graham, Ellis R. 1938. Magnesium 
as a factor in nitrogen fi xation by soybeans. 
Missouri Agricultural Experiment Station, 
Research Bulletin No. 288. July. 30 p. [20 
ref]
• Summary: Nitrogen fi xation increased 
with higher magnesium levels. Address: 
Missouri.

1058. Agri Lab Inc. 1938. For bigger and better yields: 
Inoculate soybeans with the superior multiple strains of 
effi cient legume bacteria produced, tested, and guaranteed 
(Ad). Proceedings of the American Soybean Association p. 
69.
• Summary:  Above right. A half-page ad. “Legume-Aid 
inoculant. McQueen’s inoculant. Large suppliers to U.S. 
Govt. S.C.S. [Soil Conservation Service] projects.” A photo 
shows soy bean root nodules growing on soybean roots.
 Note 1. This is the earliest document seen (Oct. 2018) 
that mentions Agri Lab Inc. or Legume-Aid, for inoculating 
soybeans.
 Note 2. This ad also appeared in the 1939 Proceedings, 
p. 21. Address: 3415 Milton Ave., Columbus, Ohio.

1059. Andrews, W.B. 1938. The response of soybeans to 
sources of nitrogen in the fi eld. J. of the American Society of 
Agronomy 30(9):779-86. Sept. [14 ref]
• Summary: “Summary and Conclusions: There are ten 
numbered conclusions, starting with: The response of 
soybeans to sources of nitrogen was determined in the fi eld 
with inoculated and uninoculated Biloxi soybeans on limed 
and unlimed soil. Yields and nitrogen determinations were 
made. The yields and nitrogen content data indicate that the 
production of carbohydrates was at a high level. The data 
may be summarized as follows:
 “1. Nitrate of soda and urea were superior to ammonium 
sulfate and cyanamid in the production of soybeans and 
increased the nitrogen content of the soybeans on unlimed 
soil.

 “2. On limed soil ammonium sulfate was almost equal to 
urea and nitrate of soda as a source of nitrogen for soybeans.
 “3. Cyanamid was decidedly inferior to nitrate of soda, 
urea, and ammonium sulfate as a source of nitrogen for 
soybeans on limed soil.
 “4. Lime increased the yield of soybeans where 
ammonium sulfate was applied and decreased it where urea, 
cyanamid, and nitrate of soda were used.” Address: Assoc. 
Agronomist, Dep. of Agronomy, Mississippi Agric. Exp. 
Station, State College, Mississippi.

1060. Briscoe, Charles F.; Andrews, W.B. 1938. Effect 
of strains of nodule bacteria and lime on the response of 
soybeans to artifi cial inoculation. J. of the American Society 
of Agronomy 30(9):711-19. Sept. [14 ref]
• Summary: “The response of Mammoth Yellow and 
Laredo soybeans to a good and to a poor strain of soybean 
bacteria was determined in the fi eld on limed and unlimed 
soil. Sixteen strains of good soybean nodule bacteria and 
two strains of cowpea root nodule bacteria were obtained 
from different sections of the country and used to inoculate 
Mammoth Yellow soybeans in the fi eld on limed and 
unlimed soil.” In the latter test, there were six replications of 
each treatment. Conclusions:
 1. There were large variations in the response of 
Mammoth Yellow and Laredo soybeans to the different 
strains of nodule bacteria.
 2. Isolation of strains of nodule bacteria best suited to 
the different soybean varieties is much more important than 
trying to place soybeans in the cowpea cross inoculation 
groups.
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 3. Strains of soybean root nodule bacteria isolated 
locally seem to give better results than strains obtained from 
areas with different climates.
 4. There is considerable variation in the lime 
requirement of different strains of soybean Rhizobia. 
Therefore many different factors must be considered to 
obtain optimum soybean yields.
 Note: This is the earliest document seen (July 2018) that 
contains the word “Rhizobia” (regardless of capitalization). 
Address: 1. Bacteriologist; 2. Assoc. Agronomist. Both: Dep. 
of Agronomy (Soils Div.), Mississippi Agric. Exp. Station, 
State College, Mississippi.

1061. Dickinson (Albert) Co. (The), Inoculator Div. 1938. 
Nod-O-Gen is the inoculator to use on your soybeans (Ad). 
Proceedings of the American Soybean Association p. 62.
• Summary: This full-page black-and-white ad states: 
Packed in the following sizes: 1, 2, 5, 10, and 25 bushels. 
Illustrations show: (1) A bottle of Nod-O-Gen jelly type. (2) 
A can of Dickinson’s Nod-O-Gen Humus type Inoculator. 
Address: Chicago, Illinois.

1062. Nitragin Company, Inc. (The). 1938. Select effi cient 
strains of bacteria for soybean inoculation (Ad). Proceedings 
of the American Soybean Association p. 63.
• Summary: A full-page black-and-white ad. “Dependable 
since 1898.” A photo shows Laredo soybeans inoculated with 
single strains of soybean bacteria, grown in washed sterilized 
sand. Address: Milwaukee, Wisconsin.

1063. Slipher, John A. 1938. The effect of soybeans on 
soil productivity. Proceedings of the American Soybean 
Association p. 42-44. 18th annual meeting. Held 12-14 Sept. 
at Wooster and Columbus, Ohio.
• Summary: One can “fi nd ardent claimants of the soil-
building merits of the soybean crop, and others who 
sweepingly condemn it.” This paper will examine 4 separate 
effects of the soybean crop on soil productivity: “A. The 
amount of nitrogen taken from and put into the soil by the 
soybean crop under different ways of utilization.
 “B. The load of organic matter added to the soil incident 
to each method of utilizing the crop.
 “C. The effect of the root system upon soil tilth and the 
quality of that tilth.
 “D. The exposure by the soybean crop of soil surface to 
erosion before planting and during the growth period of the 
crop.” Address: Ohio State Univ.

1064. Urbana Laboratories (The). 1938. Inoculate soy beans 
with Urbana Culture: Superior legume inoculator (Ad). 
Proceedings of the American Soybean Association p. 67.
• Summary: A full-page ad. Address: Urbana, Illinois.

1065. Wiggans, R.G. 1938. Soybeans in the Northeast. 

Proceedings of the American Soybean Association p. 33-
37. 18th annual meeting. Held 12-14 Sept. at Wooster and 
Columbus, Ohio.
• Summary: “Soybeans in the northeastern United States 
have not reached and probably never will reach the 
importance they have attained in the corn belt. This actuality 
or realism does not prevent a manifest interest in the crop, 
neither does it mean that soybeans may not become of 
considerable consequence in the area, and that possibly 
with the proper varieties, cultural methods, and utilization 
they might attain such proportions as to have an economic 
infl uence on the production in the corn-belt.
 “Northeastern agriculture is conservative, based on 
diversifi cation, and with a few exceptions can not be 
considered a one-crop agriculture. Furthermore, in general 
it is a region of small fi elds unadapted to the use of large 
farm machinery. For these and other reasons it can hardly be 
expected to be able to compete successfully with the great 
agricultural areas to the west and south.
 “Through the initial stages of introduction, experimental 
trials, and development and expansion in production during 
the past decades, the Northeast has not been entirely asleep. 
Although largely outside of what has been and probably will 
continue to be the main producing sections, this large border 
or transitional area may in the end become a part of the 
soybean belt. Such has been the agricultural history of other 
crops introduced into new environments. With increased 
knowledge of the crop, improved varieties, and repeated 
experiments, the border areas of production are continuously 
changing. What was once the frontier area becomes absorbed 
and the frontier is driven back. The maturing of corn at 48 
degrees north latitude on the Gaspe Peninsula and at 56 to 
60 degrees in Sweden, as well soybean in southern England 
at 53 degrees and in southern Sweden at 56 degrees, may be 
cited as examples of this fact. The above-mentioned material 
is at present in the experimental plantings at Ithaca, New 
York. Many other examples might be given.
 “It is reasonable, however, to conclude in the beginning 
that with climatic restrictions, small units of tillable 
land, unsuitable machinery, lack of adapted varieties, 
cultural idiosyncrasies, uncertain utilization of the crop 
and long distances from cash markets for surpluses or 
for the main crop, all suggest that the northeastern area 
can not be expected to compete on an even basis with the 
more favorably situated agricultural sections. A logical 
supposition, based on the experiences of many farmers in the 
area over a long period of time and the limited experiments 
made on a scientifi c basis by investigators, would be that 
soybeans in the Northeast offer the greatest promise as a 
forage crop.
 “I assume that this and Dr. Morse’s paper are supposed 
to give a picture of the border areas of soybean production, a 
task which becomes diffi cult because of a lack of published 
information, an absence of statistical reports, a wide 
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diversifi cation of conditions, and an inadequate fund of 
direct information.
 “The interest of the farmer in the Northeast in soybeans 
as a possible home-grown addition to his limited high-
protein animal food supply is of long standing, but the 
interest of the general public has been manifest only since 
the tremendous increase in production in the corn belt 
and the publicity in connection with the use of the crop in 
industry. The manifestation of these interests appears in 
the increased correspondence of agronomists at all of the 
agricultural experiment stations, more bulletins with a wider 
distribution, large numbers of articles in the popular press, 
exhibits at agricultural gatherings, and in numerous other 
ways. Steece (1937) lists 21 active projects on soybeans at 
8 state experiment stations in the area, involving studies 
on culture, breeding, and utilization. The United States 
Department of Agriculture has seen fi t to report in 1937 
production in 5 of the 11 states in the area, two more than 
previously. The active cooperation of the United States 
Department of Agriculture with the experiment stations in 
the Northeast and a conscious effort to introduce varieties 
which might logically be expected to be adapted, has 
stimulated the efforts of station workers.
 “In considering soybeans for the Northeast, the climatic 
conditions are among the factors of greatest importance. 
The climate of the higher elevations in West Virginia is 
similar to a considerable acreage of agricultural land in 
Pennsylvania, and even to the more favorable conditions in 
New York. Maryland offers a climate not too different from 
those prevalent in the regions of concentrated production. 
The valleys of southern and central Pennsylvania also offer 
fairly favorable environments for soybeans. New Jersey, 
Connecticut, and Rhode Island are likewise favored as 
compared to New York in general and the remaining New 
England states. In the northern areas longer days, cooler 
nights, higher humidity, and shorter seasons in general 
introduce limiting factors to soybean production as well as to 
the production of many other crops.
 “The soils in the Northeast offer no particular diffi culty 
to the production of soybeans, in fact, the fertility in general 
is such as to indicate the great need for increased legumes. 
Generally, the addition of phosphorous gives a favorable 
response in increased yields, and soybeans should seldom be 
grown without the addition of phosphate in some form.
 “The idiosyncrasies of the soybean crop seem to be 
greater as the border-line areas are approached. The cultural 
needs of soybeans in the Northeast are the same as in the 
central area of production, but each necessary factor becomes 
of the utmost importance and may easily be the limiting one. 
The following illustrations may be given:
 “1. As fertility decreases inoculation becomes more 
and more essential. In the larger part of the Northeast there 
is absolutely no chance for the soil to have been inoculated 
previously. The value of reinoculation probably is greater 

under such conditions.
 “2. Depleted organic matter and heavier clay soils make 
necessary greater care in the depth of seeding.
 “3. The necessity of fertilization places an added 
responsibility on the farmer in order to prevent the toxic 
effect of direct contact of the fertilizer with the seed.
 “4. Time of planting becomes more important because 
of the necessity of utilizing every possible available day for 
growing the crop to the stage of maturity desired.
 “5. The rate of seeding fortunately offers little diffi culty 
provided there is an even distribution and the competition 
with weeds is successfully eliminated. The soybean plant 
has a surprising power of adjustment to space, provided the 
space is free to be occupied.
 “6. Weeds, including grass, present an even greater 
problem in the Northeast than in the central area of 
production. (I know you will not agree with me on this point, 
but I am willing to argue the issue.) The essential reason 
for this is universally recognized in the fact that soybeans 
at best grow rather slowly during the seedling stage, and 
that the best growth is secured under warm conditions, both 
day and night. These ideal conditions are seldom present 
in the greater part of the area under discussion, and never 
present early in the season. Thus, conditions less favorable 
for soybeans are at the same time more favorable for some of 
their greatest competitors. All growers recognize the futility 
of attempting to produce soybeans in active competition 
with weeds early in the life cycle of the soybean plant. 
Therefore, weed control becomes absolutely necessary 
if a reasonable crop is to be expected. Probably the best 
way to handle this situation is to do the cultivating before 
seeding. Since seeding can not be too much delayed in the 
Northeast, some form of cultivation capable of eliminating 
most of the competing plants, and at the same time leaving 
enough soybean plants to form a desirable stand, becomes 
a necessity. Successful production of soybeans is next to 
impossible without cultivation. The later the planting the less 
cultivation is essential.” Continued. Address: Cornell Univ.

1066. Hayward, J.W. 1938. The proteins of soybeans and 
soybean oil meal. In: Soybean Nutritional Research Council, 
ed. 1938. The Composition and Nutritive Properties of 
Soybeans and Soybean Oil Meal; A Literature Review. 
Chicago: SNRC. 62 p. See p. 12-21. Oct. [41 ref]
• Summary: Contents: Amount of protein in soybeans and 
soybean oil meal and factors affecting same (Varieties: 
Manchu, Dunfi eld, Mandarin, Illini, Peking, Mukden, Illinois 
T 117, F.P.I. 54563-3, Scioto). Types of protein in soybeans 
and soybean oil meal. Amino acid content of the proteins 
in soybeans and soybean oil meal. Nutritive value of the 
proteins of soybeans and soybean oil meal. Effect of storage 
on soybean protein. Industrial uses of soybean protein: Glue, 
adhesive and sizing materials, plastics, water paint, foundry 
cores, artifi cial wool, whipping fl ours.
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 “Amount of Protein in Soybeans and Soybean Oil Meal 
and Factors Affecting Same: Soybeans available in this 
country and in other countries exhibit a wide variation in 
protein content, this variation being due to several factors. 
In the fi rst place, soybeans grown in a single locality show 
a marked varietal difference in protein content. Piper and 
Morse (1) state that the principal varieties in the United 
States may vary from 34.1% to 46.9% in this respect. 
Cartter and Milner (2) of the U.S. Regional Soybean 
Industrial Products Laboratory at Urbana, whose extensive 
investigations of the composition of soybeans are still in 
progress, have reported the following analysis of soybeans to 
indicate the variation with change of variety [table 1]:
 Manchu 45.99%
 Dunfi eld * 43.95%
 Mandarin 45.54%
 Illini 44.48%
 Peking 43.68%
 Mukden 6.31%
 Dunfi eld ** 42.07%
 Illinois T 117 43.20%
 F.P.I. 54563-3 44.63%
 Scioto 3.73%
 * Seed from Illinois Experiment Station.
 ** Seed from Purdue Experiment Station [Indiana].
 “An individual variety grown in a single location may 
also vary considerably from year to year. O’Kelly and Gieger 
(3) found that the Laredo and Mammoth Yellow varieties 
analyzed for protein as follows over a period of several years 
(from 1925 to 1932; table 2):
 Laredo ranged from 35.55% to 40.67% protein
 Mammoth Yellow ranged from 39.91% to 44.64 protein
 A given variety will also vary considerably in protein 
content from one locality to another. Webster and Kiltz (4) 
list the following results for four varieties of soybeans grown 
in different places in Oklahoma in 1931 [table 3]:
 The variety Chiquita contained 42.50% protein in Craig 
County but 46.56% in Stillwater Co.
 The variety Dixie contained 43.13% protein in Craig 
County but 46.82% in Stillwater Co.
 The variety Virginia contained 40.00% protein in Craig 
County but 44.06% in Stillwater Co.
 The variety Laredo contained 35.00% protein in Craig 
County but 47.50% in Stillwater Co. This latter variation is 
probably closely associated with the infl uence of varying 
environmental conditions, such as climate (including 
rainfall), soil type, fertilizer applied, etc. It has been stated 
(5) that soybeans grown in Manchuria and the United States 
are richer in protein than those grown in Germany, and 
further, that application of phosphatic fertilizers likewise 
favors protein formation. Inoculation of the soil may have a 
profound effect. For instance, a 16% increase in the protein 
content of soybeans grown on inoculated areas over those 
grown on uninoculated soil has been reported by Smith and 

Robison (6) who obtained the following results [table 4]:
 Ogemaw, not inoculated had 8.08% moisture and 
35.39% protein
 Ogemaw, inoculated had 8.88% moisture and 42.20% 
protein
 Medium Green, not inoculated had 8.12% moisture and 
31.23% protein
 Medium Green, inoculated had 8.80% moisture and 
36.45% protein
 “There is apparently (7) a relationship between the 
quantity of rainfall and the protein content of soybeans, the 
lower rainfall tending to produce a higher protein content. 
After a certain stage in the maturation process, soybean 
seeds (3) decline in protein content, but this change is due to 
decomposition of nitrogen free extract rather than a decrease 
in the absolute quantity of protein. Likewise, decayed or 
damaged beans show a higher protein content. There is also 
some indication (8) of an inverse relationship between the oil 
content and the protein content of soybeans.
 “The amount of protein in soybean oil meal will 
naturally depend upon the protein content of the soybeans 
used in processing, but in general the bulk of the soybeans 
that are processed in this country consist of only a few 
varieties, grown principally in the Corn Belt States. When 
these soybeans are all pooled together, the processor fi nds 
that the soybeans do not vary a great deal in protein content 
from one pressing to another. There is, however, a slight 
difference in protein content between the New Process 
[solvent] and Old Process soybean oil meals. In fact, the 
processors employing the solvent method of oil extraction 
(New Process) have found it possible to safely guarantee 
44% of protein in their soybean oil meal; whereas 41% 
has been the usual guarantee for hydraulic or expeller (Old 
Process) soybean oil meal (9). Types of Protein in Soybeans 
and Soybean Oil Meal:
 “Osborne and Campbell (10) proposed the name 
of glycinin for one of the globulin types of protein they 
obtained from soybeans. They considered it the principal 
protein, making up about 80 to 90% of the total crude protein 
contained in soybeans. They also isolated a more soluble 
globulin which resembled phaseolin in composition and, 
as far as they could ascertain, it was similar to phaseolin 
in reaction. They obtained an albumin-like proteid which 
they termed legumelin, and they estimated it made up about 
1.5% of the total protein of the soybean. In addition to 
these proteins, they isolated a small quantity of proteose. 
Some of these proteins are listed below with their average 
composition [table 5]:
 Jones and Csonka (11) obtained fi ve protein fractions 
from soybeans by fractional precipitation at defi nite 
concentrations of ammonium sulfate within a range of 33 
to 70% of saturation. In order to determine which fraction 
represented glycinin, a salt extract of soybean meal was 
dialyzed. From the protein fraction which precipitated, 
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two globulins were separated. One was precipitated from a 
10% salt (NaCl) solution by ammonium sulfate at 55% of 
saturation and did not coagulate even at boiling temperatures. 
This fraction was called glycinin since its properties agreed 
with those given by Osborne and Campbell for glycinin.
 “Amino Acid Content of the Proteins in Soybeans and 
Soybean Oil Meal: Osborne and Clapp (12) in their analyses 
of glycinin, the principal protein of the soybeans, found the 
content of amino acids was similar to the values reported for 
casein, the principal protein of milk. Csonka and Jones (13) 
analyzed the chief protein (glycinin) from seeds of several 
varieties of soybeans and found them to differ considerably 
in amino acid content with the greatest variations occurring 
in cystine content (a low value of .74% for the Illini variety 
and a high value of 1.45% for the Manchu soybean). Csonka 
and Jones (14) were the fi rst investigators to report on some 
of the amino acids contained in the whole (non protein 
extracted) defatted soybean oil meal. Again cystine was 
found to be the most variable amino acid for the various 
varieties tested. Values ranged from .287% for the Illini up to 
.491% for the Herman variety. However, these investigators 
did not believe we needed to fear a quantitative defi ciency of 
cystine in any of the common varieties of soybeans or in the 
meal made from these varieties. Hamilton, et al. (15), Nollau 
(16) and Mashino (17) give fi gures on their determination 
of the nitrogen distribution of soybean protein using the Van 
Slyke method.
 “We have listed below for comparison the amino acids 
of the chief soybean protein, glycinin, and the amino acids of 
casein, the principal protein of milk:” [table 6].
 “*We refer you to the second edition (1934) of 
Fundamentals of Dairy Science by L.A. Rogers and others, 
for literature references covering all but one of the above 
values on amino acids in casein. Nutritive Value of Proteins 
of Soybeans and Soybean Oil Meal:
 “Osborne and Mendel (19), Vestal and Shrewsbury (20), 
Shrewsbury, Vestal, and Hauge (21), Hayward, Steenbock, 
and Bohstedt (22) found that raw soybeans when fed to rats 
as the sole or principal source of protein in an otherwise 
complete ration did not support appreciable growth. 
However, normal growth resulted when they fed soybeans 
which had been previously cooked. Vestal and Shrewsbury 
(20), Shrewsbury, Vestal, and Hauge (21), and Robison (23) 
reported similar results with pigs. Mitchell and Villegas 
(24), Mitchell and Smuts (25), and McCollum, Simmonds, 
and Parsons (26) reported experimental evidence in support 
of the fact that the raw soybean contains a protein of low 
nutritive value. Mitchell and Smuts (25) and Shrewsbury 
and Bratzler (27) claimed that the low nutritive value of the 
protein of raw soybeans was due to a defi ciency of the amino 
acid cystine.” Continued. Address: USA.

1067. Kishlar, Lamar. 1938. Soja max–The soybean. In: 
Soybean Nutritional Research Council, ed. 1938. The 

Composition and Nutritive Properties of Soybeans and 
Soybean Oil Meal; A Literature Review. Chicago: SNRC. 62 
p. See p. 7-9. Oct. [9 ref]
• Summary: “This is the success story of an immigrant plant 
which came in to America and made good. This is the story 
of Soja Max, the soybean, who waited 5,000 years for his big 
chance, and, when opportunity knocked, made a lasting place 
for himself in American agriculture and commerce on the 
basis of merit and merit alone.
 “The soybean is a native of Asia. It is one of the oldest 
crops grown. How long ago man started to cultivate the 
soybean no one knows. Some say that soybeans have been 
grown for 25,000 years (Breedlove, 4 June 1936, p. 12). The 
fi rst written record seems to be a Chinese book on Materia 
Medica, Pen Ts’ao Kong Mu written by Emperor Shen-nung 
about 4,800 years ago (Horvath, May 1931, p. 36).
 “Even the name is cloaked with mystery. For the salted 
soybeans [fermented black soybeans], the early Chinese 
had a word pronounced ‘Shi.’ Another word, ‘Yu,’ was 
given to the oil used as a condiment. Later the term ‘Shi-yu’ 
[fermented black soybean sauce] was applied to the plant and 
to the raw beans” (Chicago J. of Commerce, 20 June 1936, p. 
14).
 “Linnaeus, the fi rst botanist to make a scientifi c study 
of the leguminous plants, applied the Greek word, glycine, 
meaning sweet, to all the ground nut species of legumes. 
Since the soybean had very large nodules on the roots, he 
called it Glycine Max. Many years later Moench found 
that the soybean was a distinct genus. He renamed it Soja 
Hispida. More modern authorities have shown a preference 
for Soja Max, the name which has become generally 
accepted.
 “The soybean was a long time in coming to America. In 
1804 a Yankee Clipper ship, searching the Chinese ports for 
a return cargo, loaded several bags of soybeans as reserve 
food supply and brought the fi rst importation to America” 
(Burlison 1936).
 “More than one hundred years passed. A few soybeans 
were raised mostly as botanical curiosities. In 1907, Dr. 
C.R. Ball of the United States Department of Agriculture, 
described twenty-three varieties of soybeans, all that were 
then known in the United States (6). These included fi fteen 
introductions by the United States Department of Agriculture 
between 1900 and 1905. The remaining eight were brought 
by individuals from the Orient, several by the way of Europe.
 “By 1913, the list had grown to 427. By 1925, 1,133 
varieties were described. In all more than 7,000 samples of 
seed have been collected from Japan, Chosen, Manchuria, 
China, Formosa, Java, Sumatra, and India (3). Of these, there 
are more than 2,000 distinct types, which have maturities 
ranging from 75 to more than 200 days. These types and 
varieties have been grown in various places, the less 
promising varieties being discarded, until, at present, more 
than 100 named varieties are widely grown, or are being 
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increased for greater distribution in the United States (7).
 “The soybean is a summer leguminous annual (1). The 
pods are from 1 to 2½ inches long and contain from 2 to 4 
seeds. The root tubercles, which permit this plant to build up 
the fertility of the soil, are large and abundant. The stems, 
usually strong and woody, grow from 2 to more than 6 feet in 
height. The fl owers are small, sweet-pea shaped, and white 
or purple in color. The seeds which grow in the pods may, 
when mature, be yellow, green, brown; or black in color. 
Some seeds are round; some are oval; while some are fl at 
like a lima bean.
 “Some varieties of soybeans are useful only as an oil 
seed or for feed. They are so hard that several hours’ boiling 
fails to properly soften them. However, some of the newer 
varieties are useful for food and, when cooked, are delicious 
eaten as a vegetable. The University of Illinois has tested 
467 varieties of vegetable or edible soybeans and has given 
six, a very good, and seventy, a good rating (8). The soybean 
was probably fi rst utilized for the production of oil and meal 
in the United States about 1910 by an oil mill on the Pacifi c 
Coast. The beans were imported from Manchuria.
 “During the World War, the general shortage of fats and 
oils made it necessary to import very substantial quantities 
of Manchurian soybean oil. This oil was frequently of very 
poor quality because of the crude equipment on which it was 
made. Often it was shipped from the Orient in fi ve gallon 
kerosene cans which had been improperly cleaned, and the 
contaminated oil was ruined for edible purposes. In 1918 
import fi gures show that 336,000,000 pounds of soybean oil 
were imported from the Orient (9).
 “The production of soybean oil from domestic seed 
was started, in a small way, in North Carolina in 1916. The 
fi rst oil was produced in a cotton oil mill in the off season, 
using cotton oil presses. In 1920, soybean oil was produced 
in Chicago Heights, Illinois, using an expeller. In 1922, oil 
was made by the A.E. Staley Manufacturing Company of 
Decatur, Illinois. At fi rst, only one expeller was used, but 
two more were installed shortly afterward, and about 90,000 
bushels of beans were crushed that year (9).
 “From this modest beginning, the soybean processing 
industry has grown until soybean production in the United 
States reached a peak for the crop year 1935-36 when 
some 44,378,000 bushels were harvested. Over half of this 
production was processed, yielding a total of approximately 
600,000 tons of soybean oil meal. The year 1938-39 is 
expected to exceed the record of 1935-36. When one realizes 
that the industry produced only 21,000 tons of soybean oil 
meal for the crop year 1928-29, it is obvious that a product 
must have merit to increase in volume 30 times during years 
when all feedstuffs were cheap and plentiful.
 “Thus, the Asiatic visitor was quick to catch on to 
American ways, to thrive on American soil, in American 
climate. He grows nearly everywhere that corn or cotton can 
be grown. When history is fi nally written, the story of Soja 

Max will be the greatest success story of the great World 
Depression.” Address: USA.

1068. Park, Malcolm; Fernando, M. 1938. A further 
experiment on soya inoculation in Ceylon. Tropical 
Agriculturist (The) (Peradeniya, Ceylon) 91(4):201-07. Oct. 
[6 ref]
• Summary: “In a previous paper, the writers (Park and 
Fernando, 1937) recorded the results of preliminary tests 
of the nitrogen-fi xing effi ciency of strains of Rhizobium 
japonicum Kirch.” In this new experiment, fi ve inoculation 
treatments, viz., inoculations with four strains of R. 
japonicum and an uninoculated control were combined with 
two varieties of soybean. Three of the strains were received 
through the courtesy of Dr. H.J. Toxopeus, Agricultural 
Experiment Station, Buitenzorg [Bogor, Java, in today’s 
Indonesia]; they had been isolated from soybean plants 
grown in soils of different types in Middle, Eastern, and 
Western Java. Another strain came from Wisconsin via 
England.
 The two varieties of soya were: (1) A large-seeded 
variety akin to Mammoth Yellow, and (2) a small, yellow-
seeded variety originating from Poona, India.
 The large-seeded variety did not respond to inoculation, 
whereas the small-seeded reacted markedly. Chemical 
analyses of the seeds of the small-seeded soybeans that were 
harvested from the different plots showed distinct differences 
in the nitrogen content as a result of inoculation. Address: 
1. Acting Deputy Director of Agriculture; 2. Research 
Probationer in Plant Pathology.

1069. Duchon, Frantisek. 1938. Zajistete si jiz nyni ockavoci 
latky pro jarniseti novych lustenin a motylokvetych picnin 
[Make sure to have the inoculating material for spring 
sowing of pulses and papilionaceous plants on hand early]. 
Ceskoslovensky Zemedelec (Czech Farmer) 20(46):352. Nov. 
18. [Cze]
Address: Ing. Agr. Dr., prednosta biochemickeho ustavu 
statnich vyzkumnych ustavu pro vyrobu rostlinnou v Praze, 
Czechoslovakia.

1070. Doolas, George Z. 1938. Zonal distribution of nitrates 
and its effect on nodulation of soybeans. J. of the American 
Society of Agronomy 30(11):909-14. Nov. [4 ref]
• Summary: “Summary: Studies made of the effects of 
varying the nitrate concentration in two soil zones on the 
nodulation by soybeans gave decreased numbers and weights 
of nodules in the zones in which the nitrates were added. 
Such effects carried into the nitrate-free soil zone to decrease 
the weight of the nodules when the applications of nitrate 
were larger. When the same concentration of nitrates was 
applied in the inner zone and consequently less total amount 
of nitrogen, these effects were not transmitted so distinctly to 
the distal parts of the roots.
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 “In general, the depressive effects were more 
pronounced on the weight or development than on the 
numbers of nodules. The decrease in total weight of nodules 
on the entire root system, as well as on the segments, was 
governed more by the total amount than by the concentration 
of nitrate nitrogen applied.” Address: Formerly Graduate 
Asst., Dep. of Soils, Univ. of Missouri; now at the 
Thessalonica Agricultural and Industrial Institute, Salonica, 
Greece.

1071. Riede, W. 1938. The German soybean problem. 
Translated from the German by G.M. Roseveare. Herbage 
Reviews 6(4):245-58. Dec. [17 ref. Eng]
• Summary: Contents: Manchuria, the home of the 
cultivated soybean. Monsoon climate, the original soybean 
climate. Differences between the climates of Germany and 
Manchuria. Fifteen years of breeding produces German 
varieties. Long term experiments elucidate cultural technique 
(rotation, soil, manuring, inoculation, sowing, cultivation, 
harvesting). Experiments and observations indicate the 
soybean regions (warmth is the most important factor). 
Vernalization, planting out, and intercropping. Harvesting, 
utilization, yield, prospects.
 “Although many desiderata are still wanting, it must 
be emphasized that the four bred strains certifi ed in 1937, 
namely Dieckmann’s Black No. 11, Dieckmann’s Green-
yellow No. 18, Delitzsch Black and Giessen Black, are 
entirely suitable for present needs. They are all medium-
early, that is to say, fully ripe in September or October in 
accordance with region, situation, weather and cultural 
technique. The victor in many years’ trials, Dieckmann’s 
Black Soybean No, 11, is large-grained; all the others are 
medium large-grained” (p. 249).
 “Warmth is the most important factor in the growing 
of soybeans [in Germany], for which reason the 19ºC. July 
isotherm (Mainz-Main frontier–Silesian plain) and the 18ºC. 
July isotherm (Bonn–Berlin–Lyck) are indicated.
 “Especially good soybean regions are those in which 
the 20ºC. period–that is to say, the period between the fi rst 
and last occurrence of a mean temperature of 20ºC.–lasts 
for 100 days (Mannheim–Ludwigshafen), 90 days (Leeheim 
-Oppenheim–Worms–Frankenthal–Speyer) or 80 days 
(Freiburg, Hanau–Aschaffenburg–Frankfurt–Wiesbaden–
Bingen–Darmstadt–Dürkheim–Germerscheim–Landau–
Karlsruhe–Lauterburg–Friedrichshafen)...” (p. 251).
 Vernalization, in general, means: Subjection of seeds 
or seedlings to low temperature in order to hasten plant 
development and fl owering. But with the soybean there is 
an additional meaning: “The soybean is one of the short-
day plants which respond with hastened development to a 
reduction in day length. The short-day manner of reaction 
is present to a more or less marked degree in nearly all 
varieties” (p. 253).
 In Germany the soybean should be grown as a grain 

crop, with the beans intended for human consumption. 
“Grain yield varies from 12 to 26 dz. per hectare, on an 
average a harvest of 16 dz per hectare may be anticipated. 
To grow the soybean as a forage plant in Germany is non-
admissible until more productive and rapidly growing 
varieties have been produced by breeding... It may be 
mentioned in passing that soybean straw and soybean 
chaff represent a good fodder” (p. 255). Note: One dz 
(doppelzentner) = 100 kg.
 Tables show: (1) Differences in the temperature and 
precipitation of localities in Manchuria and Germany. (2) 
Comparison of the total warmth of localities in Manchuria 
and Germany. (3) Comparison of 1934 (a good soybean 
year) and 1936 (a bad soybean year) at Bonn. (3a) Härle’s 
phenological tables (Haerle’s) for various locations in 
Germany. (4) Chemical composition of full fl our [whole soy 
fl our, full-fat soy fl our], extract meal, and straw. Address: 
Bonn, Germany.

1072. Steininger, J. 1938. Radicin-ojtas eredmenye a 
szojababtermesztesnel [The results of inoculation with 
Radicin on soybean cultivation]. Koztelek (Common Ground) 
48:97-. [Hun]*
• Summary: Radicin is an inoculum that was made in 
Westerrad, Germany at the Radicin Institute. Address: 
Hungary.

1073. Szavoszt, Zoltan. 1938. Radicin-ojtas eredmenyei 
szojatermesztessel [The results of growing soybeans with 
Radicin inoculation]. Koztelek (Common Ground) 48(5):291. 
[Hun]*
• Summary: Radicin is an inoculum made in Westerrad, 
Germany, at the Radicin Institute. Address: Hungary.

1074. Fairchild, David. 1938. The world was my garden: 
Travels of a plant explorer. New York, NY: Charles 
Scribner’s Sons. xiv + 494 p. Assisted by Elizabeth and 
Alfred Kay. Illust. Index. 25 cm.
• Summary: This wonderful book, an autobiography of 
David Fairchild (1869-1954), also tells the story of the 
early days of the USDA and its Section of Foreign Seed and 
Plant Introduction, and of the pioneering work with plant 
introduction to the United States. It contains about 207 
black-and-white photos, mostly taken by the author. One 
of these (p. 472A) shows Howard P. Dorsett (standing) and 
David Fairchild (seated), who “spent twenty happy years in 
close association, trying to increase the number and improve 
through introductions the quality of the fruits and vegetables 
of the United States.”
 Contents: 1. Background. 2. Kansas. 3. I enter 
government service. 4. I meet Barbour Lathrop and reach 
Naples [Italy]. 5. Breslau, Berlin, and Bonn [Germany]. 
6. Java ho! 7. The Lathrop-Fairchild odyssey begins. 8. 
The Cannibal Isles (Incl. Hawaiian islands). 9. American 
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interlude (in 1897 his father resigned as president of Kansas 
State College of Agriculture after the wave of Populism 
engulfed the college). 10. The West Indies and South 
America. 11. Cotton in Egypt. 12. Across the Java Sea. 13. 
From Finland to Dalmatia. 14. Land of the Pharaohs. 15. 
Malta, Tunis, Algiers, and Spain. 16. England, America, 
and west to the Orient once more. 17. The Persian Gulf and 
Bagdad [Baghdad. Note: Iraq was established in 1921 out of 
former Turkish territory]. 18. A glimpse of Saïgon [Saigon] 
and a long stay in Japan. 19. I visit Luther Burbank and 
circumnavigate Africa. 20. I meet Alexander Graham Bell. 
21. A grand tour of these United States. 22. Mostly personal. 
23. Washington, Madeira, and “In the Woods.” 24. Baddeck, 
Nova Scotia. 25. Mostly aviation. 26. Lacquer and wild 
wheat. 27. Aaron Aaronsohn and Joseph Rock. 28. More 
plants, introduction gardens, and Mr. Bell. 29. Florida in 
1912. 30. Monsters of the backyard. 31. The fl owering cherry 
trees are planted in Washington. 32. Quarantine increases and 
war [World War I] begins. 33. Seeds from Afghanistan. 34. 
The plains of Canada. 35. The war and dried vegetables. 36. 
The Allison Armour expeditions. 37. Aloha.
 In 1889 Beverly T. Galloway, head of USDA’s Division 
of Plant Pathology, brought David Fairchild, age 19, to 
Washington, DC, to join fi ve plant pathologists who were 
working in attic rooms of the old red brick department 
building. P. Howard Dorsett, Galloway’s Wisconsin 
classmate, soon joined the group. Soon shy and scholarly 
Walter T. Swingle, Fairchild’s Kansas State classmate and 
close friend since their student days in Germany, arrived 
with his growing library of agricultural references in 5 or 
6 languages. Seeking an opportunity to learn about the 
fl ora of foreign countries, Fairchild accepted a Smithsonian 
fellowship to study entomology in Naples, Italy, and resigned 
from the USDA. Fairchild’s pioneering work with plant 
introduction traces its roots back to late 1893. On board a 
ship, the young plant pathologist met Barbour Lathrop, a 
wealthy San Francisco gentleman who later took him on an 
extended tour of the Pacifi c and showed him fruits, grains, 
and ornamental plants that could be valuable in America. In 
1895 Lathrop gave Fairchild the money to begin his study 
of the plant treasures of the tropics. Returning to the USA in 
1897 (with Mr. Lathrop), after an absence of 4 years, David 
Fairchild knew exactly what he wanted to do with his life. 
He visited his parents in Manhattan, Kansas, and learned that 
a wave of “Populism” (resembling Bolshevism) had caused 
his father to resign as president of the college (p. 105). In 
August 1897 he reached Washington, DC–without a job. 
James Wilson, the Secretary of Agriculture, fi rmly believed 
that “what agriculture needed most was more knowledge.” 
“The idea of plant introduction as a government activity was 
germinating in other minds besides Lathrop’s and mine” (p. 
106). Secretary Wilson’s fi rst act after taking offi ce had been 
to send N.E. Hansen to Russia in search of cold-resistant 
cereal grains and fruits for America’s great plains. Swingle 

has recently presented a paper on introducing subtropical 
plants to Florida.
 Fairchild and Swingle conceived a plan to divert 
$20,000 dollars of the funds appropriated for the wasteful 
Congressional Seed Distribution Service (which was already 
spending several hundred thousand dollars a year) in order 
to fi nance a section for the specifi c purpose of introducing 
new, useful, and carefully selected crops into the United 
States. He enthusiastically presented the idea to Secretary 
Wilson, who approved the plan and asked him to organize 
the new Foreign Seed and Plant Introduction Section (p. 
107). Housed on the fi fth fl oor under the eaves of the old 
Department of Agriculture building and staffed by one 
teenage secretary, it became a reality when Congress passed 
the revised appropriation bill in July, 1898.
 “In 1899, all that existed of the Department of 
Agriculture was housed in an ugly old building with a 
mansard roof topping its red-brick walls. It was situated in a 
park south of Pennsylvania Avenue, just beyond one of the 
most disreputable quarters of the city” (p. 18).
 In 1916 David and Marian Fairchild purchased a piece 
of property located in Coconut Grove on Biscayne Bay, 
Florida; they named it The Kampong. On the property was 
a very old stone barn, a huge stone entrance gate, and many 
fi ne old tropical trees (p. 452-53, 456A, 472C). A Kampong 
is a Malay word (fi rst used in English in 1844) meaning “a 
native hamlet or village in a Malay-speaking country.”
 Good photos show: (1-4) Members of the USDA 
Section of Plant Pathology taken in the early 1890s: Walter 
T. Swingle, Joseph James, David Fairchild, Theodore Holm, 
Beverly T. Galloway, Merton B. Waite, and P. Howard 
Dorsett (p. 26A-B). (5) Barbour Lathrop and David Fairchild 
in the cabin of a boat, off Sumatra, Christmas, 1895. (6) The 
uniform of a worker at Mr. Suzuki’s nursery in Tokyo, Japan. 
The back is decorated with large Chinese characters. (5) 
Fermentation vats with conical bamboo covers in a soy sauce 
factory at Ichang (I-ch’ang or Yichang), a city in west Hupeh 
/ Hubei province in Central China (p. 256F, probably taken 
by Frank N. Meyer in 1917). (6) page shows “A prolifi c Soy 
Bean plant ripe for harvest” and loaded with pods (p. 256F). 
(7) David Fairchild (seated) and Howard Dorsett (standing), 
each in two-piece suits, by at a desk, examining various 
fruits (p. 472A). Address: USDA.

1075. Fairchild, David. 1938. A long stay in Japan: 
Encounters with soy beans, tofu, soy sauce, and green soy 
beans in the pods (Document part). In: D. Fairchild. 1938. 
The World Was My Garden: Travels of a Plant Explorer. 
New York, NY: Charles Scribner’s Sons. xiv + 494 p. See p. 
258-59, 327-28. Assisted by Elizabeth and Alfred Kay.
• Summary: In 1902 at Kusafuka, Japan, Fairchild visited 
the home of Mr. Tsuboi. He had “considerable diffi culty 
digesting the raw fi sh and seaweed, but became very fond of 
the egg dishes, the bean cheese or ‘tofu,’ and the universal 
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soy sauce... But the dish which I afterward served in 
Washington [DC] was a delicate variety of the soy bean. The 
young, fl at, rather hairy pods–much smaller than the lima 
bean–are boiled in salted water and served in the pod in a 
little lacquer bowls. I enjoyed opening the pods and taking 
out the delicate green beans, which have a pleasant, nutty 
fl avor. Some Americans complain that it takes too long to 
empty the pods, and of course there is no reply to such an 
objection” (p. 258).
 Japanese “cuisine is conspicuous for the absence of 
gravies, for which they substitute a sauce made from the 
soy bean by a complicated process of fermentation. Almost 
every meal includes boiled rice, often served with delicate, 
soy bean curds [tofu]... and pretty bits of colored soy bean 
candy” (p. 259).
 Note: This is the earliest English-language document 
seen (April 2013) that uses the terms “soy bean curds” to 
refer to tofu.
 “From Mr. Tsuboi’s delightful home, we journeyed to 
a branch experiment station at Anjo where there were fi elds 
of the chief agricultural crops of the country. The soy beans 
particularly interested me, as in 1898 I had imported both 
beans and some soil from a Tokyo soy bean fi eld. Waite 
[Merton B. Waite, of the USDA Section of Plant Pathology] 
and I discovered that root nodules could be induced on 
soy bean plants by growing them in Japanese soil, but, 
when they are grown on new soil, they will not develop the 
nodules unless the soil is inoculated. In Virginia, Maine, 
Michigan, and Kansas, a general interest in the soy bean and 
its possibilities had developed among the experiment station 
workers, although it was only used as cattle food.
 “I hope that a book will be written describing the vast 
soy bean industry which has developed in America since 
those early beginnings, and the important part played by the 
varieties introduced by Frank Meyer and later by W.J. Morse 
and P.H. Dorsett. Morse has devoted the best years of his life 
to a careful and penetrating study of the soy bean, and he 
should receive the full measure of credit for his contributions 
to an industry now measured by millions of acres under 
culture in America each year” (p. 259).
 After Fairchild was married, he and his wife, Marian, 
started a garden by their home in Maryland, about 10 miles 
outside of Washington, DC. A delightful Japanese peasant 
boy names Mori served as their gardener. In the garden: 
“We grew soy-beans as a vegetable and had to endure the 
criticism that they took too long to shell (p. 327-28).
 A photos show: Mr. Tsuboi, an authority on bamboo, 
enjoying his dwarf plants in charming porcelain bowls and 
trays (p. 256D). A prolifi c soy bean plant with many hairy 
pods (p. 256F). Address: USDA.

1076. Graham, Ellis R. 1938. Magnesium as a factor in 
nitrogen fi xation by soybeans. PhD thesis, University of 
Missouri, Columbia. 30 p. Also published as Missouri Agric. 

Exp. Station, Research Bulletin No. 288. July 1938. 30 p. [20 
ref]
• Summary: Nitrogen fi xation increased with higher 
magnesium levels. Address: Missouri.

1077. Jones, D.G. 1938. Notes on the inoculation of soya 
beans and on the application of Fantestex to certain crop 
plants. Dissertation presented for the Associateship of the 
Imperial College of Tropical Agriculture (AICTA). *
• Summary: The author observed nodulation of uninoculated 
soya beans in Trinidad. Note: This dissertation is housed 
in the West Indian Collection of the University of the West 
Indies, Library, St. Augustine Campus, Trinidad and Tobago. 
Address: Trinidad.

1078. Silva Cortes, Cesar. comp. 1938. El poroto soya [The 
soybean]. Santiago, Chile: Ediciones Ercilla. 87 p. Illust. 
Index. 19 cm (Colleccion Manuales Ercilla). [Spa]
• Summary: Contents: Introduction: General outline off 
its importance and use, composition of various legumes, 
general characteristics of the meal (harina), oil, lecithin, 
cake and other derivatives of the soybean (poroto soya). Part 
I: Cultivation of the soybean. 1. Botanical characteristics of 
the plant: Leaf, fl owers, pods, seeds, roots and nodules. 2. 
Varieties and desired characteristics: Various varieties, those 
most suited to Chile, characteristics of other varieties. 3. 
Cultivation of soybeans: Climate, the soil and its preparation, 
fertilizers, inoculation of the seeds, planting, cultivation, 
harvest, diseases, enemies, and their cures.
 Part II: Utilization of the soybean. 1. Generalities: 
Applications of the plant and its seeds. Summary of the uses. 
2. Soy oil and its derivatives: Extraction of the oil, edible 
oil, industrial uses of the oil, soya phosphatides and lecithin 
(Fosfáticos y lecitina de soya), soybean cake, commercial 
enzymes. 3. Soybeans in human nutrition: Green vegetable 
soybeans (porotos verdes) and whole dry soybeans, soy 
sprouts (vástagos de soya), soy fl our (harina de soya), 
nutritive and caloric value, types of fl our, bread with soy 
fl our, doughs (pastas) and biscuits, sausages with soy fl our, 
soymilk (leche vegetal de soya), soybean curd (cuajada de 
soya [tofu]). 4. Soya for livestock: Soybean straw, soybean 
pasture (pasto), soya for silage, soybean hay, soybean hay 
for animals to be slaughtered, soy meal (harina de soya) for 
various animals.
 A table (p. 19-20) lists soybean varieties suited for 
different uses: For hay: Barchet, Chiquita, Goshen Prolifi c, 
Laredo, Old Dominion, Otootan, Virginia. For green forage: 
Dixie, Easycook, Hahto, Hollybrook, Mammoth Brown, 
Mammoth Yellow, Southern Prolifi c, Tarheel Black, Tokio. 
For silage: Biloxi, Mammoth Brown, Mammoth Yellow, 
Tarheel Black, Tokio. For beans (oil, cakes, fl our, etc.): 
Biloxi, Chiquita, Dixie, Hollybrook, Mammoth Yellow, 
Southern Prolifi c, Tokio, Ito San, Dunfi eld, Illini, Manchu.
 Varieties most suited to Chile (p. 20): About 27 varieties 
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have been tested at various locations in Chile. Those which 
gave the best results were Ito San, Dunfi eld, Illini, and 
Manchu. Ito San gave good results from Aconcagua to Bío-
Bío. It performed especially well at Maule, Ñuble, and Bío-
Bío. Dunfi eld and Illini gave very good results in Curicó and 
Talca. Manchu, which matures a little later than Ito San and 
Dunfi eld, is very appropriate for the Central Zone.
 Note 1. This is the earliest document seen (July 1998; 
one of two documents) that uses the word “poroto” or 
“porotos” in connection with soybeans.
 Note 2. This is the earliest Spanish-language document 
seen (June 2009) that uses the term porotos verdes to refer to 
green vegetable soybeans.
 Note 3. This is the earliest Spanish-language document 
seen that uses the word “lecitina” to refer to lecithin, or the 
term Fosfáticos y lecitina de soya to refer to phosphatides 
and soy lecithin.

1079. Toxopeus, H.J. 1938. Over het voorkomen van de 
knolletjes bacteriën van kedelee (soyaboon) in verband 
met de wenschelijkheid van enten van het zaaizaad [The 
frequency of Rhizobium japonicum (the of root nodule 
bacteria of the soybean) in the soils of the Netherlands 
East Indies and the desirability of inoculation of the seeds]. 
Mededeelingen van het Algemeen Proefstation vor den 
Landbouw (Buitenzorg) No. 29. 20 p. [5 ref. Dut; eng]
• Summary: In Dutch, with an English-language summary 
on pages 19-20. “In connection with the problem of 
inoculating soybeans with Rhizobium japonicum, the 
frequency of this organism in the soil was studied in several 
soybean-districts and in those regions, where this crop never 
has been grown. The number of bacteria was determined by 
the dilution-method of Wilson.

“Rhizobium japonicum could not be found in soils 
on which soybeans had never before been grown. On all 
commercial seed the organism was found and it must be 
these bacteria that cause the formation of the few nodules 
on the roots of some plants in soils, where soybeans are 
grown for the fi rst time. When afterwards a soybean-crop is 
grown every year, the soil will be populated with Rhizobium 
japonicum in due time. In Nyassa it takes three years before 
the population is suffi ciently dense to cause good nodulation. 
Nothing is known about the number of years needed for this 
process in this country.
 “In the soybean-districts the frequency was studied on 
9 plots during a period of 1-1.5 year. It appeared that during 
the time the soil was inundated for rice, the bacteria were 
much harmed. However even during the most unfavourable 
circumstances their number was mostly not lower than 
10,000 per g dry soil. At the time when soybeans are 
sown their number is quite suffi cient again to give a good 
nodulation (fi g. 1 and 2).
 “Though Rhizobium japonicum in the long run will settle 
in soils on which soybeans are grown regularly, artifi cial 

inoculation of these soils at the fi rst time a crop is grown 
by applying bacteria to the seeds will be profi table, even in 
those cases where no difference in yield between inoculated 
and uninoculated plots is observed.
 “First of all there is a gain in nitrogen during the period 
that the frequency of the nodule-bacteria is insuffi cient to 
give a fair nodulation. Secondly by means of inoculation 
with pure cultures one is able to populate the soil with a 
strain with a high nitrogen-fi xing power.
 “In most cases the cultivation of soybeans in those 
regions, where this crop is not known, is introduced by 
the Agricultural Extension Service by laying out some 
experimental plots. The harvest of these plots is often used 
for seed-distribution among the native farmers.
 “When this fi rst plot is not inoculated, there will be 
only very few nodules on the roots and the soil adhering to 
the seeds harvested will probably not contain any bacterium 
at all. As a consequence the second plantation will be free 
of nodules. Therefore it seems important to inoculate the 
experimental plots and when possible the seeds given to the 
farmers as well. As the technique of inoculation of the seeds 
is both very easy and cheap there seem to be no obstacles to 
application of the method.” Address: PhD, Head of the Plant 
Laboratory of the General Testing Station of Bogor [Dutch 
East Indies] (Hoofd van het Plantkundig Laboratorium van 
het Algemeen Proefstation voor den Landbouw te Buitenzorg 
[Bogor, Dutch East Indies]).

1080. R.C. 1939. L’azote dans la culture du soja [Nitrogen 
in soybean cultivation]. Revue Internationale des Produits 
Coloniaux et du Material Colonial 14(158):73-75. Feb. [Fre; 
eng+]
• Summary: Like all legumes (légumineuses), soybeans (le 
Soja) are capable of fi xing signifi cant amounts of nitrogen 
from the air. For this reason, soybeans present the same 
advantages as many forage or vegetable legumes.
 Americans, and subsequently some proponents of 
soybeans, have viewed this property as an innovation 
that could revolutionize both agriculture and the nitrogen 
fertilizer industry. It is not worth exaggerating here.
 We already empirically knew the role legumes play in 
enriching soil even before the Americas were part of the 
civilized world. Green manure was used in our fi elds before 
Lavoisier had discovered nitrogen. This did not prevent the 
development of the nitrogen fertilizer industry in our country. 
It is also noteworthy that the French departments that use the 
most nitrogen are also those with the most land devoted to 
forage legumes.
 Indeed, there are not fi fty different ways to correctly 
grow plants. There is only one, which simultaneously 
employs all of the methods that science or growing practices 
have made available to us.
 Using reasonable amounts of nitrogen fertilizers is 
one method, and using legumes often in crop rotations is 
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another, but these two things are not mutually exclusive. 
(Footnote 1: Moreover, we can learn lessons from the 
Belgians or the Danes regarding intensive farming, but not 
from the Americans. Until recently, the Americans have not 
shown much interest in restoring soil by replacing fertilizing 
elements removed in harvests.)
 Ultimately, although legumes may be very good at fi xing 
nitrogen from the air, they also require a large amount of 
nitrogen to grow: so much that they often require nitrogen 
fertilizer, at least for early plant growth. This is true for 
beans and peas, for instance. We know that for peas in 
particular, a small amount of calcium nitrate, sodium nitrate 
or ammonium nitrate (50 to 100 kg per hectare) at the time 
of sowing will signifi cantly boost growth and help start the 
vegetation. Only when the plants have reached a certain 
stage in their development can they fi ll their own nitrogen 
requirements.
 Soybeans in particular have a unique characteristic: 
soybean nitrogen-fi xing bacteria are specifi c to soybean 
plants, and do not exist the ground where these plants are 
grown for the fi rst time. This means that the seeds must be 
inoculated, or the fi eld’s soil must be scattered with bacterial 
cultures. A simpler method is to spread arable soil (300 to 
400 kg per hectare) from another fi eld where soybeans were 
grown the previous year.
 Tests were recently conducted by René Salgues from 
Brignoles, laureate of the Academy of Agriculture (Académie 
d’Agriculture), with the goal of determining the precise 
infl uence of a nitrogenous manure on soybean seed (graines 
de Soja) yield, and on the chemical composition of these 
seeds. As Mr. Salgues indicated: “For two varieties, 206 
Vert (green) (from Vaucluse, France) and Précoce (early) 
number 11.922 (or 1 1922) (from Algiers, Algeria), instead 
of applying a balanced, comprehensive NPK manure, we 
limited ourselves to spreading 300 kg of ammonium sulfate 
per hectare. (The table below provides the results of the 
observations and analysis [concerning the two soybean 
varieties mentioned above]. The two columns under each 
soybean variety are “Control” and “+ 300 ammonium 
sulfate” {the fi rst column is the control group, and the second 
is the group to which 300 kg of ammonium sulfate was 
added per hectare}).
 Germination percentage
 Planting density
 Weight of 100 seeds
 Behavior (Comportement) of the plants
 Flowering
 Bearing seeds (Fructifi cation)
 Yield in 100 kg/ha
 Chemical composition:
 Water
 Fats
 Proteins
 Cellulose

 Ash
 Carbohydrates
 Constants of the oil obtained:
 Practical yield of oil (%)
 Density at 15ºC
 Density of the fatty acids at 30ºC
 Point of solidifi cation / Freezing point
 Melting point of the fatty acids
 Maumené index
 Solubility in absolute alcohol
 Index of saponifi cation
 Index of fi xed fatty acids
 Acidity expressed as oleic acid
 Iodine number (Hubl)
 Index of brome (Levallois-Braun)’
 The results can be summarized as follows: adding a 
nitrogenous manure to soybean planting is particularly 
benefi cial, if only to ensure early plant growth. It leads 
to a signifi cantly higher yield per hectare, and an equally 
remarkable improvement in the chemical composition of 
the resulting seeds (increase in the levels of fat and protein, 
and thus added value if the goal is only to produce oil or 
have better nutritive value for livestock feed). There is a 
noticeable increase in oil production, 16.96 versus 14.10 and 
19.14 verses 13.28, respectively. Using nitrogenous fertilizer 
is especially advisable during the fi rst seeding; it appears less 
effective for later plantings if the same land is used to grow 
soybeans for two or three years. In this case, it is best to use 
large amounts of “potassic” and “phosphoric” manures.
 This is a crucial experiment, showing that nitrogen, even 
when used by itself (without any phospho-potassic manure) 
presents signifi cant benefi ts for soybeans. Of course, we 
cannot deduce that nitrogen alone is the ideal manure for 
soybeans, which would be somewhat paradoxical. But 
we can conclude that nitrogen plays an important role in 
growing soybeans, and that it should be used in this legume’s 
manure.
 Nitrogen should be added at the time of seeding. 
The nitrogen should be in a form easy to assimilate: not 
organic nitrogen but rather nitrate nitrogen, or potentially 
ammoniacal nitrogen in soils that take well to nitrifi cation.
 The optimal dose can only be determined through trial 
and error, specifi c to each situation. However, according to 
our data, it seems that it must be between 15 and 30 kg of 
nitrogen per hectare (more in irrigated fi elds).
 The enriching effects left after a crop of soybeans 
seem to be similar to the effects left by alfalfa. All of this 
information is certainly approximate, but in this case, we feel 
that an “approximation” is more exact than numbers that are 
too precise.
 Note: Translated by Elise Kruidenier of Seattle, 
Washington.

1081. Demolon, A.; Dunez, A. 1939. Observations sur la 
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culture du Soja et l’inoculation des semences [Observations 
on soybean cultivation and the inoculation of the seeds]. 
Comptes Rendus des Seances de l’Academie d’Agriculture de 
France 25(8):361-68. March 1. [8 ref. Fre]
• Summary: In 1946 Demolon was Inspecteur General des 
Stations et Laboratoires de France. Starts with a brief early 
history of soybean culture in France. Gives a brief account 
of trials of different soybean varieties conducted at Versailles 
and 9 other localities in France, with specifi c reference to 
inoculation. There is no doubt about the value of the soybean 
as a forage crop in France, but the costs of production are 
still too high. Once the best varieties have been determined, 
it is thought desirable to establish and maintain in France 
a stock of seed of these varieties, to expand the practice of 
seed inoculation, and to continue it until the soil acquires a 
satisfactory infective capacity. Lack of adequate inoculation 
may have been the key constraint limiting past yields. 
Address: Centre de Recherches Agronomiques de Versailles.

1082. Dworak, Lajos; Kerpely, Antal. 1939. Szójaojtó 
anyagok termesztési értéke [The value of inoculation 
for soybean cultivation]. Koztelek (Common Ground) 
49(10):171. March 5. [Hun]*
• Summary: Five soybean inoculants were tested. Radicine 
was found to be the best, in that it gave the largest increase in 
yield. Address: Hungary.

1083. Eire Department of Agriculture Journal. 1939. The 
soya bean. 36(1):73-79. March.
• Summary: Contents: Introduction. Trials with soya beans 
in Ireland. Experiments in 1935. Experiments in 1936. 
County variety experiments with soya beans [in 1936]. 
Experiments in 1937. Experiments in 1938. Summary.
 “Trials with soya beans in Ireland: Experiments in the 
growing of soya beans in this country were commenced at 
the Botanic Gardens, Glasnevin [suburb of Dublin], in 1923. 
A number of varieties were included in these trials, one being 
a variety acclimatised in England by the Curator of the Royal 
Botanic Society, London [J.L. North], and kindly supplied 
by him. From 1923 to 1928 the varieties tested gave poor 
results. In some instances the number of seeds harvested 
were less than the actual number sown.
 “In 1929, small samples of seven varieties were obtained 
from the Curator, Royal Botanic Society. Of the seven 
varieties, four had been grown in England the previous year 
and the remaining three were obtained from Canada. The 
seed was sown in the Botanic Gardens, Glasnevin, and about 
40 per cent. germinated. All varieties produced seed. Two 
of the Canadian varieties produced about the same number 
of seeds as were sown, while the third one produced only 
about one-eighth of the quantity of seed sown. The English 
varieties did better, but even the best of these produced only 
four times the quantity of seed sown.
 “Seed selected from each variety of the 1929 crop was 

sown at the Botanic Gardens in 1930. The results were 
disappointing; none of the Canadian and only two of the 
English varieties produced seed... This result might be 
attributed to the season which was wet and unfavourable.
 “In 1931 two varieties were obtained from the Curator, 
Royal Botanic Society. These were grown at the Munster 
Institute, Cork [about 200 miles to the south], and at the 
Botanic Gardens, Glasnevin. At the latter centre, one of the 
varieties produced about 50 per cent. more seed than was 
sown. The other variety was a failure and produced only a 
few ripened seeds. At the Munster Institute, although both 
varieties grew vigorously no seeds ripened.
 “In 1932 a number of different varieties were sown at 
the Botanic Gardens, Glasnevein, but only two produced 
seeds, the others being complete failures.
 “Trials were again conducted at the Botanic Gardens in 
1933, but owing to the prolonged drought experienced that 
year the plants made little progress and failed to produce 
seeds.
 “Experiments in 1935. In 1935, seed of four varieties 
acclimatised in England, was obtained through the courtesy 
of Fordson Estates Ltd., London. The four varieties, Black 
‘O,’ Brown, ‘C,’ Green ‘Jap’ and Yellow ‘J’ were grown 
at each of the following centres:–The Agricultural School, 
Athenry, The Agricultural School, Clonakilty, The Cereal 
Station, Ballinacura, The Munster Institute, Cork, and at 
two centres selected by the County Dublin Committee of 
Agriculture.
 “Half of the area under each variety was sown with seed 
inoculated with a culture of nitrogen-fi xing bacteria. Note 1. 
Is this the fi rst year that the soya beans grown in Ireland were 
inoculated?
 The varieties were sown on May 2 at all centres. 
Details of planting and fertilizer use are given. All varieties 
germinated well. A frost in late May, just as some of the 
seedlings were breaking ground, checked the growth in some 
centres and killed the young plants in County Dublin. Cold 
weather in May and June led to slow growth.
 “All varieties were harvested between 18th September 
and 19th October. The varieties Brown ‘C’ and Green ‘Jap’ 
ripened earlier than Black ‘O’ or Yellow ‘J.’ No difference 
was apparent at any centre with inoculated seed and those 
which were sown with untreated seed.
 “The yields from all varieties were very low and showed 
considerable variation at the different centres. The variety 
Brown ‘C’ gave the highest average yield, 2 3/4 cwt per 
statute acre.” Note 2. 1 cwt is a hundredweight, usually 112 
lb. Thus Brown ‘C’ yielded 308 lb/acre.
 “Experiments in 1936.” The varieties Green ‘Jap’ and 
Brown ‘C’ were tested at most of the same centres as in 
1935 so as “to provide information as to the effect on time 
of ripening and yield of seed of:–1. Dates of sowing. 2. 
Manurial [fertilizer] treatments. 3. Distance between rows. 
Details are given. “The yields obtained at all centres and 
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from all plots were again very low; the highest average yield 
obtained did not exceed 5 cwts. per statute acre. The variety 
Green ‘Jap’ gave a higher average yield than Brown ‘C’ at all 
centres. The early sowings of both varieties gave the better 
result.”
 County variety experiments in 1936 with the basic four 
varieties in Counties Dublin and Wexford gave very poor 
results. The “highest average yield did not exceed 1 cwt. per 
statute acre at any centre.”
 “Experiments in 1937.” The variety Green ‘Jap’ was 
tested at the same four centres as in 1936. “The object of the 
experiments was to ascertain the effect on time of ripening 
and the yield of seed of:–1. Dates of sowing. 2. Inoculation 
of the4 seed. 3. Manurial treatments.” Details are given. 
“The returns from all plots were again very low; the highest 
got [gotten] at any centre was slightly under 3 cwts. per 
statute acre... The sowings from May 10th to May 20th were 
the most successful.” Inoculation seemed to increase foliage 
which appeared to delay pod formation and harvesting, “with 
consequent damage to the produce” [soya bean production]. 
“The manurial treatments showed no material difference at 
any centre,...”
 Experiments in 1938. Details are given “Yields from 
all plots were very low; the average yield was equivalent to 
about 1½ cwts. per statute acre.”
 “Summary. Trial with soya beans have been in progress 
in this country during the past sixteen years. During the 
course of the trials a number of acclimatized varieties were 
tested under varying conditions of soil and climate and 
with different manurial and cultural conditions. None of 
the varieties produced anything approaching an economic 
yield of beans, and the results of the experiments, in which 
the average yield was under 2 cwt. per statute acre, clearly 
indicate that the growing of soya beans in this country must 
be regarded as very far removed from being a profi table 
undertaking, and as offering no commercial possibilities in 
the future.
 Note 3. This is best and most detailed document seen 
(Sept. 2014) on the cultivation of soya beans in Ireland.
 Note 4. This document contains the earliest date seen for 
the cultivation of soybeans in Ireland (1923, at the Botanic 
Gardens, Glasnevin, Dublin, 3.5 km / 2.2 miles north of 
Dublin’s city center). The source of these soybeans was the 
Curator of the Royal Botanic Society, London.

1084. Lloyd, J.W.; Burlison, W.L. 1939. Eighteen varieties 
of edible soybeans: Their adaptability, acceptability, culture 
and characteristics. Illinois Agricultural Experiment Station, 
Bulletin No. 453. p. 385-439. March.
• Summary: This is the most complete and interesting report 
on this subject published up to this time. “The original 
stock of most of the varieties of edible soybeans included in 
these studies was supplied by W.J. Morse, Bureau of Plant 
Industry, U.S. Department of Agriculture, who has inspected 

the growing crops every year and given many helpful 
suggestions... The Department of Home Economics has 
supplied valuable data on a number of points and prepared 
the directions for shelling and cooking the green soybeans 
given at the back of this bulletin” (p. 383).
 The authors use the two terms “edible soybeans” and 
“vegetable-type soybeans” repeatedly and interchangeably 
to refer to these soybeans which are especially adapted to 
use as human food. By contrast “fi eld types” are used for 
manufacturing oil or industrial products, or for forage. The 
edible or vegetable types can be consumed in either of two 
forms: (1) As “green soybeans” or “green shelled beans,” or 
(2) as “dry mature soybeans” or “dry, ripe soybeans,” or “dry 
soybeans.”
 Contents: Introduction. Distribution of seed for tests. 
Results of the cooperative tests: Reports from home 
gardeners, state institutions, market gardeners, and canners. 
Range of adaptation: Northern and southern United States, 
East and Middle West, Illinois reports concerning adaptation, 
comparison of adaptability in Illinois and other states. 
Performance of 18 varieties at Urbana: Relative earliness 
of different varieties, duration of edible period, agronomic 
characters, yields of dry beans, blossom, pod, and seed 
characters, yields of shelled green beans. Market qualities 
of the green soybeans. Protein and fat contents of the green 
soybeans. Characteristics of the 18 different varieties: Very 
early–Giant Green. Early–80494, Bansei, Fuji. Midseason–
Illini, Hokkaido, Jogun, Willomi, 80490-1, 89162, 84979, 
87617. Late: Illington, Imperial, 87606, Funk Delicious, 
Emperor, Higan (p. 401). One other variety (Kura, p. 387) 
was not tested. Varieties recommended. Method of culture: 
Time of planting, preparation of seedbed, distance and 
depth of planting, equipment for planting (a beet-and-bean 
drill pulled by two horses), inoculation of the seed, tillage. 
Damage from rabbits and grasshoppers. Harvesting green 
soybeans. Harvesting, curing, and threshing ripe soybeans. 
Summary and conclusions. Directions for shelling and 
cooking green soybeans.
 While the University of Illinois Department of Home 
Economics was doing palatability studies on vegetable-
type soybeans, the agronomists were doing a parallel set of 
studies from 1935-1938 on yields, cultural practices, time to 
mature, and suitability for home and market gardeners. In the 
spring of 1936, four varieties were available for distribution: 
Fuji (81029), Higan (80475), Willomi (81044-1), and 
Hokkaido (85666); packets of three of these were sent to 
197 persons. Their 11 most recommended vegetable-type 
soybeans contained an average of 40.7% protein on a dry 
weight basis (range 36.4–42.9%) and an average 100-seed 
weight of 28.0 gm (range: 21.2–31.9 gm). From the 100-200 
interested home gardeners who were sent trial seed packets 
each year came a very positive response. The vegetable-
type soybeans were considered high yielding and resistant 
to drought. “Several gardeners liking the soybeans because 
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they were available for use as a fresh vegetable at a season 
of the year when vegetables in the home garden are likely to 
be scarce.” But above all the gardeners reported that “Fresh 
soybeans had a satisfying fl avor” (p. 390): “They were 
delicious... We like them better than peas or beans... I served 
soybeans to all guests this summer and most everyone liked 
them... Everyone who tried them said they were splendid... 
We have never eaten beans as good... The beans were 
delicious to eat and were universally liked by my family 
and guests. In fact it took persuasion to leave any for seed.” 
Other representative comments from the hundreds printed 
in the report include: “I think the vegetable soy will soon 
become a standard vegetable... I think it is only a question of 
time until these beans are very popular.
 Reports from market gardeners were also positive: “I 
put some of the soybeans on our sales counter and found that 
about 80% of the people who tried the beans once came back 
for more.” In a large grocery store in Chicago directions 
for shelling and cooking the green beans were furnished 
with each purchase and over 1,200 lb were sold the month. 
Canning companies reported that certain varieties made “a 
very fi ne canned product, the appearance being very good 
and the fl avor excellent.”
 Soon interest was widespread, with 3,000 requests for 
seed from all states, Hawaii, and 7 foreign countries. Outside 
of Illinois, good results were obtained from cooperators 
in Minnesota (Le Sueur), Wisconsin (Burnett county), 
Idaho (Kamiah), Oregon (Florence, Dundee), Washington 
(Kennewick, Vader), Montana (Bozeman), New Mexico 
(Valley Ranch), Colorado (Edgewater, above 5,000 feet), 
South Carolina, Arkansas, Kansas, and Texas (p. 394-96).
 At the end of 1939 reports were received back from 810 
people who had been sent seeds of vegetable-type soybeans 
that spring; 80% reported success in growing a good crop 
and 70% were enthusiastic about their quality as a green 
vegetable.
 Yields of green soybeans in the pods were roughly 218 
bu/acre, while yields of shelled green soybeans averaged 
6,350 lb/acre (range 7,100 for Giant Green to 6,000 lb for 
Willomi). Green soybeans weigh, on average, 2.44 times as 
much as after they are allowed to dry. It takes an average of 
10.8 minutes to shell 1 lb of pods. Lloyd and Burlison rated 
6 of the green vegetable soybeans as having a quality rating 
(fl avor, texture, and appearance) of very good: Hokkaido, 
Jogun, Willomi, Imperial, Funk Delicious, and Emperor (p. 
419).
 Concerning harvesting green soybeans: “For commercial 
canning, green soybeans could be harvested and handled 
with the equipment usually employed in the handling of the 
Henderson Bush lima for canning” (p. 435).
 Tables show: (1) Relative earliness of the 18 varieties 
grown at Urbana, Illinois, 1934-1938. For each variety for 
all 3 years gives the number of days to blooming, number of 
days to edible condition, and number of days to maturity. (2) 

Duration of edible period of 13 varieties of soybeans grown 
at Urbana, Illinois, 1937-1938. The duration was shortest 
for the earliest varieties (10-11 days) and longest for the 
latest varieties (17-20 days). (3) Agronomic characters of 
18 varieties of soybeans grown at Urbana. For each variety 
for 5 years gives the height of plant at maturity (inches), 
average height, lodging, and shattering. Illini was the only 
variety with no shattering. (4) Acre-yields of dry beans from 
18 varieties of soybeans, Urbana, 1934-1938. Illini had the 
highest 5-year average yield (33.6 bu/acre), followed by 
Bansei (3.05 bu/acre). (5) Temperature and rainfall during 
growing months for soybeans, Urbana, 1934-1938. Months: 
May to Sept. (6) Yields of soybean seed from multiplication 
plots, 14 varieties, Urbana, 1938. Illini had the highest yield, 
39.3 bu/acre. (7) Blossom, pod, and seed characters of the 
18 varieties of soybeans tested. For each variety gives: Color 
of blossom. Color of pubescence. Color of seed. Color of 
hilum. Shape of seed. Weight of 100 dry beans (an average 
fi gure, computed from the weights of these beans for the 
years 1934 thru 1938). (8) Weight of 100 dry soybeans, 18 
varieties, Urbana, 1934-1938. Gives weights for a sample of 
each variety for most of 5 crop years, plus the average. The 
varieties with the largest seeds were Hokkaido (31.88 gm) 
and Funk Delicious (31.65 gm). (9) Weights and shelling 
percentages of 7 varieties of green vegetable soybeans, 
Urbana, 1936. Gives for each variety: Weight of 100 pods 
of green beans, weight of shelled beans from 100 pods, 
shelling percentage (average 55.0; range 59.5–49.7), average 
number of beans per pod (range: 1.62–2.24), weight of 
100 green shelled beans (range 55.8–84.2 gm), and ratio 
of weight of 100 green shelled beans to weight of 100 dry 
beans (average 2.44 to 1). (10). Yields of green soybeans 
shelled for canning, 1937 (Reported by canning company 
for 6 varieties). Giant Green had the largest yield, 7,100 lb/
acre. Average 6,350 lb/acre. (11) Market qualities of the 
18 varieties of green soybeans tested at Urbana: Color of 
pods toward close of edible period, size of pods, size of 
green beans, weight of shelled beans from 100 grams pods, 
shelling time for 1 pound of pods (by hand; average 10.8 
min), quality rating. (12). Protein and fat contents of the 
mature soybeans of the 18 varieties tested at Urbana, crop 
of 1938 (water-free basis). Protein averaged 40.73% (range 
38.5–44.13). Fat averaged 20.47% (range 18.12–22.42).
 Note 1. This is the earliest English-language document 
seen (June 2013) that uses the term “vegetable-type 
soybeans” or that has the term “edible soybeans” in the title.
 Note 2. This is the earliest document seen (Aug. 2013) 
that mentions the soybean variety Emperor. Address: 1. Chief 
in Olericulture; 2. Chief in Crop Production. Both: Urbana, 
Illinois.

1085. Zahnley, J.W. 1939. Soybean production in Kansas. 
Kansas Agricultural Experiment Station, Bulletin No. 282. 
28 p. March.
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• Summary: This is a revised version of Bulletin 249 (Feb. 
1930). Contents: Summary. Importance of soybeans in 
Kansas. Utilization of soybeans. Soybeans as a soil builder. 
Adaptation of soybeans. Production methods: Preparation of 
the ground, inoculation, importance of good seed, time and 
methods of planting. Seed production: Planting, cultivation, 
harvesting, threshing, handling the threshed seed. Soybean 
hay production: Planting soybeans for hay, harvesting for 
hay, soybeans and cowpeas compared as hay crops. Growing 
soybeans with corn. Varieties: Importance of choosing a 
good variety, characteristics of a desirable variety, results 
of variety tests at Manhattan, results of variety tests in 
southeastern Kansas, yields in cooperative tests with farmers, 
description of varieties.
 “Although the soybean is still of relatively minor 
importance as a crop in Kansas, the acreage has increased 
more than fourfold during the ten-year period, 1925 to 1934. 
A decrease during the period 1935 to 1938 may be attributed 
to a reduction in the number of livestock and a marked 
increase in the acreage of wheat in eastern Kansas.
 “The increased interest in the crop is due largely to the 
constant need for protein feed on the farm and the high cost 
of protein concentrates [such as tankage, cottonseed meal, 
and linseed meal].” “The utilization of the crop for hay has 
increased gradually during the last ten years. In 1925, only 
23 percent of the total acreage in Kansas was harvested for 
hay as against 45 percent in 1936.”

1086. Black, M.A. 1939. Soya beans. New Zealand J. of 
Science and Technology 21(1A):46a-60a. June. [23 ref]
• Summary: Contents: Introduction. Description. Chemical 
composition. Utilization: Human food, stock food, industrial 
uses (paint, soap, glue, plastics). Production: General, 
agriculture, effect of temperature on yield, vernalization, 
acclimatization, soils and manures, inoculation, seeding, 
cultivation, harvesting, storage, conclusion. Appendices: A. 
Soya-bean oil. B. Soya-bean varieties tested in New Zealand. 
C. Prices. D. Average analysis of soya beans grown in new 
Zealand.
 “Summary: Under existing conditions the growing 
of soya beans in New Zealand cannot be recommended 
because–(1) The climate is generally unsuitable. (2) The 
potential market for human food is negligible. (3) There is no 
internal commercial market, and no possible export market 
in competition with the main soya-bean growing countries. 
(4) For stock feed other cheaper and more certain supplies of 
forage and concentrates are available.”
 “Widespread interest has been aroused from time to 
time in New Zealand by reports of the amazing variety 
of products derived from soya beans... As long ago as 
1915 the Department of Agriculture conducted successful 
experiments on the growing of soya beans, but the crop has 
not found favour with New Zealand farmers... In Western 
countries the chief food use of soya-oil is in the manufacture 

of margarine... In New Zealand some 27,000 gallons of 
decoloured and deodorized oil are used annually by bakers 
for shortening, and for greasing baking tins. For the latter 
purpose it is of value because it does not change colour 
under baking temperatures... Curiously enough, there is a 
soya-milk factory in Denmark, a great dairying country. 
Note: This is the earliest English-language document seen 
(Aug. 2013) that contains the term “soya-milk.”
 Industrial uses: “The chief industrial uses of soya-bean 
oil are in paint, varnish, soaps, linoleum and oilcloth, and 
printing ink. In paints the essential disadvantage of soya-
oil is that it is a poor-drying oil, especially in comparison 
with linseed, perilla, and tung oils. This drawback can 
to a large extent be overcome by the use of cobalt driers, 
which, however, considerably increase the cost of the paint. 
Promising blends are being obtained with blends of perilla 
and soya oil...”
 Tables 5 and 7 shows the average and range in the 
number of days to maturity, and the yields (1935-1938) 
for 14 soybean varieties tested in three seasons, two at 
Palmerston North, three at Ruakura, in New Zealand. In 
table 7, they are listed in ascending order of days to maturity: 
Manitoba Brown (128 days), Wisconsin Black (128), Cayuga 
(133), St. Annes (141), Mandarin, Manchu, O.A.C. 211, 
Black Eyebrow, Early Yellow, A.K. (Harrow), Henry Ford 
(a selection of A.K. grown at Ford’s estate in England), 
Black Ontario, Laredo, Virginia (186 days). For each variety 
is given the days to maturity (average and range), yield in 
bushels per acre (average and range), and number of trials.
 Appendix B lists the following 34 soya-bean varieties 
tested in New Zealand: A.K., Auburn, Biloxi, Bilton, Black 
Beauty, Black Eyebrow, Black Ontario, Cayuga, Chernie, 
Dixie, Early Brown, Early Yellow, Harbinsoy, Herman, 
Hollybrook, Illini, Ito San Laredo, Mammoth Yellow, 
Manchu, Mandarin, Manitoba Brown, Mikado, Morse, 
O.A.C. 211, Ogemaw, Otoxi, Sable, St. Annes, Tashing, 
Tokio, Virginia, White Non-shatter, Wisconsin Black. Of 
these, 13 selections were sent by Mr. N.P. Neal of Wisconsin, 
as being likely to suit New Zealand conditions. Also four 
English acclimatized varieties, known as Jap, C, J, and O, 
have been grown. Address: Agronomy Div., Plant Research 
Bureau, Dep. of Scientifi c and Industrial Research, New 
Zealand.

1087. York, H.A. 1939. Growing soybeans in the Yazoo-
Mississippi Delta. Mississippi Agricultural Experiment 
Station, Bulletin No. 331. p. 1-31. June.
• Summary: Contents: Introduction: Origin of the soybean, 
soybeans in the United States, purpose of this bulletin. 1. 
Soybean production: Methods of planting, culture, and 
harvest: Preparation of the soybean, inoculation of soybeans, 
method of planting, depth of seeding, rates of seeding, 
dates of seeding. 2. Utilization of the soybean: Soybeans 
with other crops, soybeans planted in corn, soybeans for 
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hay, soybeans for soil improvement, soybeans for pasture, 
soybeans for grain, the soybean as a food. 3. Soybean 
breeding. 4. Soybean varieties: Avoyelles, Biloxi, White 
Biloxi, Chiquita, Delsta, Delnoshat, George Washington, 
Haberlandt, Illini, Lexington, Laredo, Looney No. 2, Looney 
No. 3, Mammoth Yellow, Mammoth Brown, Mamredo, 
Mamloxi, Mamotan, Nanking, Norredo, Otootan, Peking, 
Virginia, Wilson-Five. 5. Appendix: Northern v. southern 
varieties, diseases, insects, pests, calcium arsenate injury. 
Soybeans in hill sections of Mississippi.
 Table 13, titled “Soybean varieties: Origin and 
characteristics” (p. 30-31) lists 45 varieties, and for each 
gives: Origin (introduction or selection, name of breeder, 
state), year, fl ower color, [seed] coat color, plant type 
(slender, erect, bushy or tips inclined to twine), height of 
plant, and date of bloom. The varieties are: Avoyelles, Biloxi, 
Charles, Chiquita, Clemson, Creole, Delnoshat, Delsta, 
Delsta 51035, Delsta 51125, George Washington, Georgian, 
Hayseed, Illini, Kingwa, Laredo, Looney No. 2, Looney No. 
3, Mammoth Brown, Mammoth Yellow, Mamloxi, Mamloxi 
Gray Pod, Mamloxi 5573, Mamloxi 5604, Mamotan, 
Mamotan 51391, Mamredo, Mamredo 578, Mamredo 519, 
Mamredo 535, Monetta, Nanking, Otootan, Palmetto, Pee 
Dee, Peking, Tanloxi, Tanloxi Yellow, Tanner, Tokio, Tokio 
Brown, Unknown, White Biloxi, Wilson, Yellow Biloxi. 
Address: Agronomist, Delta Branch Exp. Station, Stoneville, 
Mississippi.

1088. Staley Journal (Decatur, Illinois). 1939. Yellow 
soybeans bring top price from processors: four such varieties 
suited to central section. Aug. p. 19-29.
• Summary: “Soybeans have a faculty of being able to grow 
on nearly all types of soil, but best results are obtained on 
mellow fertile loam, or sandy loam. In general, the soil 
requirements are about the same as for corn, although 
soybeans will make a more satisfactory growth than corn 
on soils low in fertility, provided that inoculation is present. 
If soybeans are properly inoculated they will build up the 
nitrogen content of the soil. Due to the mellowing effect 
which the soybean plant has on soil, experts do not advise 
growing them on very hilly land unless the fi elds are terraced 
to prevent washing.
 “Another strong point in their favor is that soybeans will 
stand drought much better than most commonly grown grain 
crops. Yields will be much reduced under drought conditions, 
but soybeans will come nearer giving a good account of 
themselves than most other crops. One of the outstanding 
features in growing soybeans is that they are immune to 
chinch bugs.
 “Prefer Yellow Beans: While there are almost endless 
varieties of soybeans, processors prefer the yellow seeded 
varieties and will pay higher prices for them. The reason 
for this preference is that the yellow beans are of higher oil 
content and lower oil refi nery losses. Black and brown beans 

make an unattractive meal which must usually be sold at a 
discount.
 “Three yellow varieties which are acceptable to all 
processors are the Dunfi eld, Illini and Manchu. All three are 
ideally suited for conditions in Ohio, Indiana and Illinois. 
There are other good varieties but these three have stood the 
test well over a period of many years. They are hardy, they 
mature fairly rapidly, and over a period of time will show the 
most satisfactory oil content. Any grower is playing safe by 
planting any one of these three.
 “Dunfi eld was introduced from Manchuria in 1913. The 
plant is stout, erect and bushy fl owers both purple and white. 
It matures in 110 to 120 days with pods 2, 3 and 4 seeded. 
The seeds are straw yellow with light brown hilum. There are 
about 2750 seeds to the pound.
 “Illini was developed by the Illinois Experiment Station. 
The plants are stout erect and bushy and the fl owers white. It 
matures in 105 to 115 days. The pods are 2 to 3 seeded and 
the seeds are straw yellow with brown hilum, It runs about 
2750 seeds to the pound. This variety has the characteristic 
of shedding leaves and foliage and retaining pods.
 “Manchu was introduced from Manchuria in 1911. It has 
the stout, erect and bushy plants which characterize the other 
two varieties, and the fl owers are both purple and white. 
Beans mature in 110 to 120 days, and pods are 2, 3 and 4 
seeded. The seeds are straw yellow with black or brown or 
slate hilum. There are about 2400 seeds to the pound.
 “The best results with soybeans are obtained on a well 
prepared seed bed. In general the land should be prepared 
as for corn, Soybeans, like corn, respond to any extra 
preparation of the soil.
 “Fall or early spring plowing permits disking and 
harrowing the soil just before seeding and thus killing weeds 
just starting in the surface soil. This preparation just before 
planting is very important,
 “Several different methods of planting soybeans have 
been used. In the large soybean growing areas of Illinois, the 
most popular method has simmered down to planting with an 
ordinary grain drill. This is generally termed ‘Drilling Solid,’
 The rest of the article is about the basics of soybean 
cultivation: Planting. Cultivation. Harvesting. Grades. A two 
page chart titled “Queen Soybean” shows the many ways in 
which soybeans are used as a raw material by “the soybean 
crushing industry.” Meal, fl our, crude oil and about 50 
products derived from them (incl. “soysauce”). How to sell 
soybeans to Staley or country elevators.
 Excellent half-page photos show: (1) Many yellow 
soybeans. (2) “Ground for soybeans in big Illinois fi eld is 
broken with tractor-drawn plows.” (3) “The second process 
in preparing the ground for the beans is disking. With the 
aid of a tractor a great deal of ground is turned at once.” (4) 
“Drilling beans is done in wholesale fashion in Illinois.” (5) 
“Weeding soybeans is not such a back-breaking task when it 
can be done in this fashion.” Shows a man seated on a tractor 
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with an umbrella over his head; the tractor is pulling a wide 
weeder or rotary hoe.
 (6) Three stages of soybeans growing up in the same 
fi eld–early summer, mid-summer, early fall. (7) Horses 
standing by a thresher. (8) “Few farmers use this old method 
of cutting and then stacking soybeans.” (9) “At its Decatur 
plant the Staley company stores soybeans in this 3,000,000 
bushel elevator, just east of the mill.” (10) A country 
elevator. “Staley’s supply of beans comes from such country 
elevators throughout Illinois. At harvest these elevators are 
busy spots.” (11) “The modern way of harvesting beans with 
a combine.”

1089. Dickinson (Albert) Co. (The), Inoculator Div. 1939. 
Nod-O-Gen inoculator for soybeans (Ad). Proceedings of the 
American Soybean Association p. 38.
• Summary: A full-page ad. Packed in the following sizes: 
1, 2, 5, 10, and 25 bushels. Illustrations show: (1) A bottle of 
Nod-O-Gen jelly type. (2) A can of Dickinson’s Nod-O-Gen 
Humus type Inoculator. Address: Chicago, Illinois.

1090. Haigh, J.C. 1939. Trials with soybean in Ceylon. 
Tropical Agriculturist (The) (Peradeniya, Ceylon) 93(3):144-
56. Sept. French summary in Revue de Botanique Appliquee 
(1940) 20:71-72, 508-11. 28 cm. [13 ref]
• Summary: Conclusions: The seeds must be planted in 
rows; the distance varies according to the planting density. 
Inoculation of the seeds before planting is advantageous 
but not essential. Where inoculation is impractical, a 
small increase in yield can be obtained by smoking with 
nitrate of soda (potassium nitrate). The use of limestone is 
advantageous. Address: Botanist.

1091. Nitragin Company, Inc. (The). 1939. The original 
legume inoculator. Restores and maintains soil fertility (Ad). 
Proceedings of the American Soybean Association p. 27.
• Summary: A full-page ad. “Gold medal awarded Nitragin 
1904 World’s Fair, St. Louis [Missouri]. The oldest and 
most widely used inoculator in America. Quality leadership 
for over 40 years. Nobbe-Hiltner process.” Photos show: 
(1) A fi eld of soybeans. The center strip (light color) was 
not inoculated. The remainder of the fi eld (dark color) was 
inoculated with Nitragin. (2) “Soybean root with nodules 
produced by Nitragin inoculation. Nitragin bacteria within 
the nodules aid in producing higher protein hay, more 
soybeans and richer soil.” Address: 3747 N. Booth St., 
Milwaukee, Wisconsin.

1092. Revue des Combustibles Liquides (la). 1939. Annexes: 
Rapport du Centre de Researches Agronomiques de 
Clermont-Ferrand sur le Soja [Appendixes: Report of the 
Center for Agronomic Research of Clermont-Ferrand on 
soya]. 17(167):230-33. Aug/Sept. [Fre]
• Summary: Contents: Contents of a collection of 

soybean varieties made in 1936 and 1938. Factors of plant 
development: Heat units, temperature. Cultural conditions 
(Varieties include Rouest 104, 250, 29, and 14 {best yield; 
159 kg/ha}, Tokio Noir {Tokyo Black, #2 best yield}, Platter 
Gelbe Riesen {Yellow Giant}, and Platter Schwarze S.S. 
A table shows for each: Weight of 100 seeds, production 
(in kg) per hectare.) Comparative trials (incl. inoculation 
with Bacilus radicicola). Trials and micro-trials with the 
varieties (Rouest 250, Rouest 104, Dieckmann Heimburg 
{Germany}, Dieckmanns grüngelbe {Greenish Yellow}, 
Dieckmanns Hellgelbe {Bright Yellow}, Rouen 29, Rouest 
82, Ossijek {Rumania}, Bitterhofs mittel frühe schwarze 
{Medium Early Black}, Dieckmanns früheste gelbe {Earliest 
Yellow}, Platter gelbe Riesen, Bitterhofs früheste mittelhohe 
gelbe {Earliest Middle-high Yellow, from Germany}). 
Inoculation trials (conducted using the variety Rouest 104, 
with bacteria from three sources). Orientation of research in 
1939. A huge table (p. 233) titled “Micro-trials, soya 1939” 
has the following columns: Origin, varieties, relative yield, 
probability, impurities (%), actual yield, weight per hectare, 
weight of 100 seeds, broken seeds (%), water content (%), 
protein content (%), oil content (%), color of the seeds, onset 
of fl owering, onset of shedding leaves. Note: Both the latter 
columns are expressed in days relative to the results for the 
variety Rouest 104, which started fl owering on 10 July 1938, 
started shedding leaves on 14 Sept., and was harvested on 
Sept. 28.

1093. Umbreit, W.W. 1939. Soybeans need inoculation 
with good strains of bacteria. Proceedings of the American 
Soybean Association p. 13-14. 19th annual meeting. Held 11-
12 Sept. at Madison, Wisconsin.
• Summary: “Soybeans, like practically all leguminous 
crops, have the ability to obtain much of the nitrogen which 
they need from the air when growing in association with 
effective root-nodule bacteria.”
 “As the soybean is not a native plant in the United 
States, our soils do not as a rule contain the soybean 
nodule bacteria, Rhizobium japonicum.” Address: Dep. of 
Agricultural Bacteriology, Univ. of Wisconsin.

1094. Urbana Laboratories (The). 1939. Inoculate soy beans 
with Urbana Culture: Superior legume inoculator (Ad). 
Proceedings of the American Soybean Association p. 49.
• Summary: A full-page ad. Address: 406 No. Lincoln Ave., 
Urbana, Illinois.

1095. Bushnell, O.A.; Sarles, W.B. 1939. Investigations upon 
the antigenic relationships among the root-nodule bacteria of 
the soybean, cowpea and lupine cross-inoculation groups. J. 
of Bacteriology 38(4):401-10. Oct. [15 ref]
• Summary: “Although several workers have investigated 
the serological characteristics of the organisms in the 
genus Rhizobium, few have given much consideration to 
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the possible relationships between bacteria isolated from 
plants of the soybean, cowpea, and lupine groups.” Recent 
discoveries in immunology have made new concepts 
and new techniques available for studies of the antigenic 
properties of bacteria.
 Recently, an increasing number of papers (since 1923) 
have reported “inter-crossings” among bacteria and plants 
of the soybean, cowpea and lupine groups; this has led to 
confusion concerning the classifi cation of both the bacteria 
and the plants of these groups. This has made it necessary 
to study the antigenic constituents of these bacteria. It was 
found that:
 “1. A great number of serological types exist among the 
root-nodule bacteria from plants of the soybean, cowpea, and 
lupine cross-inoculation groups.
 “2. The strains within a serological type possess 
antigenic constituents in common.”
 Note: This is the earliest document seen (Aug. 2018) 
that uses the word “serological” to describe nitrogen-
fi xing bacteria on soybeans. Address: Dep. of Agricultural 
Bacteriology, Univ. of Wisconsin.

1096. Kiesselbach, T.A.; Lyness, W.E. 1939. Soybeans 
in Nebraska. Nebraska Agricultural Experiment Station, 
Bulletin No. 322. 18 p. Oct. Also in Plant Science Literature 
10(23):25 (1939). [11 ref]
• Summary: Contents: Description. History and economic 
importance. Utilization. Adaptation in Nebraska. Yields in 
other corn belt states. Place in rotation. Varieties. Seedbed 
preparation. Seed inoculation. Manner of planting. Time of 
planting. Rate of planting. Tillage. Harvest. Threshing and 
storage. Market price. Time schedule of fi eld operations. 
Address: Dep. of Agronomy, Lincoln.

1097. Mumford, H.W. 1939. A year’s progress in solving 
farm problems of Illinois. Illinois Agricultural Experiment 
Station, Annual Report 50:1-351. For the year ended June 30, 
1937.
• Summary: This report marks half a century of work by this 
outstanding experiment station, whose annual reports are 
now perhaps the best in the USA. The fi ve main (and noble) 
goals of this station are outlined by Mumford on pages 5-6.
 Soybeans are discussed in the following sections and 
pages: Soils and crop investigations: Soybean management 
affects balance of nutrients in the soil (p. 32-35; Depletion 
of basic nutrients is strongly affected by whether the 
soybeans are plowed under as a green manure at maturity, 
or harvested as hay at the full bloom or full pod stage, or 
harvested for seed at maturity by the binder method or 
the combine method. Nutrients examined are dry matter, 
nitrogen, phosphorus, potassium, calcium, and magnesium. 
If depleted nutrients are not returned to the soil, it will 
gradually be depleted). Four recommendations set up for 
handling [cultivating] soybean crop (p. 49). Better varieties 

a key to future soybean development (p. 49-50; A bar chart 
shows Illinois acreages for hay, beans, and total from 1927 
to 1936. In 1925 bean acreage fi rst permanently passed hay 
acreage). Further improvement in soybean crop sought thru 
breeding (p. 51-52; Discusses an “extension of the soybean 
chromosome map” and “gene linkage”). Careless handling 
may make legume inoculants worthless (p. 53-54). Recovery 
of soybeans from hail injury is measured (p. 86-87).
 Livestock investigations: Old- and new-process 
soybean oilmeal compared as feed (p. 88; New process is 
solvent extracted. Calves fi nd old-process meal slightly 
more palatable. “From the present evidence cattle feeders 
are justifi ed in choosing between new- and old-process 
soybean meals on the basis of price, since there appears 
to be no signifi cant difference in their feeding value. The 
guaranteed protein content usually favors new-process meal. 
Chemical analyses of the meals used disclosed no signifi cant 
difference in amount of protein present”). Corn substitutes 
recommended only during corn scarcity (p. 89-91; Soybean 
oilmeal is much better than cottonseed meal; dried brewers’ 
grains and oats give less gain). Labor saving is principal 
gain in use of pasture for calves (p. 91-93). Nutritive value 
of soybean proteins improved by heating (p. 93-95, by H.H. 
Mitchell and Jessie R. Beadles; Heating soybeans at the 
proper temperature for the proper time affects the amino 
acids and raises the coeffi cient of digestibility and the 
biological value of the protein. “The amino acid limiting the 
value of the protein of the heated [or raw] bean is cystin” 
[cystine]. Tests on 10 growing rats, based on nitrogen 
balance studies, were confi rmed in two ways. “Cystin added 
to the cooked soybeans increased the growth promoting 
value of the protein markedly).
 Different varieties of soybeans differ in quality of 
protein (p. 95-97). “In 1932 this station (Mitchell and 
Smuts) was the fi rst to demonstrate that soybean proteins are 
defi cient in the sulfur-containing amino acid cystin, a fact 
that was later confi rmed in other institutions.” The cystin 
content is the main determinant of the “nutritive value of the 
proteins of soybeans...” Table 18 shows this clearly.
 Dairy investigations: Further tests show hybrid corn 
valuable for silage (p. 155-56; “Soybeans ensiled alone 
usually produce a bad-smelling, unpalatable silage which 
does not keep well. The addition of molasses improves 
the quality, but not very much). Delayed harvest increases 
feeding value of soybean hay (p. 158-60; “By delaying the 
harvesting of soybean hay until the seed is developed to half 
its full size or more, much larger yields of hay are obtained 
and the feeding value of a ton of hay is higher than that of 
hay cut at an earlier stage.” Tables show: {1} Characteristics 
and yields of soybean hay from different cuttings. {2} 
Feeding value of soybean hay cut at different stages).
 Entomology investigations: Special formula needed for 
grasshopper bait in soybeans (p. 168).
 Agricultural economic investigations: Farm costs 
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show less manpower now used for crops (p. 206-08; “For 
a considerable time after the introduction of soybeans into 
Illinois, there was a very general feeling that the cost of 
growing the crop was so high that there was no profi t in it, 
except for seed purposes.” Since 1930 that has changed, and: 
“Since 1932 soybeans have been one of the most profi table 
crops in east-central Illinois”). Smaller combines coming 
into wider use in Illinois (p. 208-09; The 5- and 8-foot cuts 
are the most popular of the smaller sizes; the 12 foot cut is 
the most popular of the larger sizes).
 Agricultural engineering investigations: Small combines 
have relatively more threshing capacity (p. 246-47; These 
small combines cut strips 5 and 6 feet wide). Best power 
and machines for soybean production studied (p. 247; “In 
preparing the seedbed, the farmers used three distinct types 
of plows, including the moldboard, the pulverator, and the 
Wheatland disk plow. Some of the soybeans were drilled 
solid and cultivated with a harrow and with a rotary hoe. 
Others were drilled in rows, and a bean cultivator was used 
where weed conditions made it advisable.” Labor, power 
and machinery make up 35-40% of the total cost of soybean 
production). Fuel gas from ground soybeans not feasible (p. 
252-55; This gas is produced by fermentation).
 Home economics investigations: Frozen soybeans now 
bid for place among winter vegetables (p. 310-13; With the 
advent of frozen fresh vegetables on the retail market, green 
soybeans may become popular among winter vegetables). 
Address: Dean and Director of the Station, Urbana, Illinois.

1098. Bond, George. 1939. Utilization of carbohydrates in 
leguminous symbiosis. Nature (London) 144(3656):906-07. 
Nov. 25. [1 ref]
• Summary: Bacteria on the nodules of soybean plants 
consume carbohydrates for their respiration. With nodulated 
plants, the rate of carbon dioxide given off is approximately 
2.5 cubic centimeters per hour per gram dry weight. Address: 
Botany Dep., Univ. of Glasgow [Scotland].

1099. Morse, W.J.; Cartter, J.L. 1939. Soybeans: Culture and 
varieties. Farmers’ Bulletin (USDA) No. 1520 (Revised ed.). 
39 p. Nov. Revision of April 1927 edition, further revised in 
1949.
• Summary: Contents: History. Description. Distribution and 
production. Climatic adaptations. Soil preferences, Varieties 
(classifi ed by length of growing season into 7 groups, 
and divided within each group into “Seed, forage, green 
vegetable, and dry edible” types). Description of varieties 
(describes 125 varieties). Preparation of the seedbed. 
Fertilizers and lime. Inoculation. Time of seeding. Methods 
of seeding. Rate of seeding. Depth of seeding. Cultivation. 
Soybeans in rotations. Soybeans in mixtures. Soybeans 
drilled in small grains. Cost of production. Insect enemies of 
soybeans. Soybean diseases. Other enemies of soybeans.
 “History: Ancient Chinese literature reveals that the 

soybean was extensively cultivated and highly valued as 
a food centuries before written records were kept. The 
fi rst record of the plant is contained in a materia medica 
describing the plants of China, written by Emperor Sheng 
Nung in 2838 B.C. Methods of culture, varieties for different 
purposes, and numerous uses are repeatedly mentioned in 
later records, indicating the soybean to be of very ancient 
cultivation and perhaps one of the oldest crops grown by 
man. It was considered the most important cultivated legume 
and one of the fi ve sacred grains essential to the existence 
of Chinese civilization. Soybean seed was sown yearly with 
great ceremony by the emperors of China, and poets through 
the ages have extolled the virtues of the plant in its services 
to humanity.
 “The soybean was fi rst made known to Europeans by 
Engelbert Kaempfer, a German botanist, who spent 2 years, 
1691-92, in Japan. Seed sent by Chinese missionaries was 
planted as early as 1740 in botanic gardens in France...”
 “Distribution and production: The soybean is grown 
to a greater extent in Manchuria than in any other country 
in the world. It occupies about 25 percent of the total 
cultivated area and is relied upon by the Manchurian farmer 
as a cash crop. China, Japan, and Chosen [Korea] are large 
producers and the soybean is cultivated more or less also 
in the Philippines, Siam, Cochin China, Netherland India 
[later Indonesia], and India. In other parts of the world, 
particularly Germany, England, Soviet Union, France, 
Italy, Czechoslovakia, Rumania, Mexico, Argentina, Cuba, 
Canada, New South Wales, New Zealand, Algeria, Egypt, 
British East Africa, South Africa, and Spain, various degrees 
of success have been obtained.”
 The section on diseases discusses the following: Purple 
spot of seeds, bacterial blight, bacterial pustule, mosaic, wilt, 
brown spot, sunburn or aphid injury, downy mildew, pod and 
stem blight, anthracnose, sclerotial stem rot, frog-eye spots, 
and Pythium root rot.
 A table (p. 6-7) shows different varieties of soybeans 
recommended for four different uses (seed, forage, green 
vegetable, or dry edible), classifi ed by the length of the 
growing season. Green vegetable–Very early (100 days or 
less): Agate, Sioux. Early (101 to 110 days): Bansei, Chusei, 
Goku, Kanro, Waseda. Medium early (111 to 120 days): Fuji, 
Hakote, Hiro, Hokkaido, Jogun, Kura, Osaya, Sato, Shiro, 
Sousei, Suru, Toku, Willomi. Medium (121 to 130 days): 
Chame, Funk Delicious, Imperial. Medium late (131 to 140 
days): Aoda, Hahto, Higan, Rokusun. Late (141 to 160 days): 
Nanda.
 Dry edible–Early (101 to 110 days): Bansei, Chusei, 
Goku, Kanro, Waseda. Medium early (111 to 120 days): 
Hokkaido, Jogun, Osaya, Sousei, Suru, Toku, Willomi. 
Medium (121 to 130 days): Funk Delicious, Imperial. 
Medium late (131 to 140 days): Easycook*, Haberlandt*, 
Higan, Rokusun, Tokyo*. Late (141 to 160 days): Nanda. 
Note: All dry edible varieties except three (Easycook, 
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Haberlandt, and Tokyo–which are followed by an asterisk 
(*)) are also included in the green vegetable group. But many 
in the green vegetable group are not included in the dry 
edible group.
 Detailed descriptions of the following 125 varieties 
are given (p. 7-17): Agate, A.K., Aksarben, Aoda, Arksoy, 
Avoyelles, Bansei, Barchet, Biloxi, Black Beauty (same 
as Ebony), Black Eyebrow, Cayuga, Chame, Charlee, 
Chernie, Chestnut, Chiquita, Chusei, Clemson, Columbia, 
Creole, Delnoshat, Delsta, Dixie, Dunfi eld, Early Green 
(same as Medium Green), Early Virginia Brown (same as 
Virginia), Early Wilson (same as Wilson), Early Wisconsin 
Black (same as Wisconsin Black), Early Yellow (same as 
Ito San), Easycook, Ebony, Elton, Fuji, Funk Delicious, 
George Washington, Georgian, Goku, Guelph (same as 
Medium Green), Habaro, Haberlandt, Hahto, Hakote, 
Harbinsoy, Hayseed, Herman, Higan, Hiro, Hokkaido, 
Hollybrook, Hongkong, Hoosier, Hurrelbrink, Illini, 
Ilsoy, Imperial, Indiana Hollybrook (same as Midwest), 
Ito San, Jogun, Kanro, Kingwa, Kura, Laredo, Large 
Brown (same as Mammoth Brown), Large Yellow (same 
as Mammoth Yellow), Late Yellow (same as Mammoth 
Yellow), Lexington, Macoupin, Mamloxi, Mammoth 
Brown, Mammoth Yellow, Mamredo, Manchu, Mandarin, 
Mandell, Mansoy, Medium Early Green (same as Medium 
Green), Medium Early Yellow (same as Ito San), Medium 
Green, Medium Yellow (same as Midwest), Midwest, 
Minsoy, Missoy, Monetta, Morse, Mukden, Nanda, Nanking, 
Norredo, Northern Hollybrook (same as Midwest), Ogemaw, 
Old Dominion, Oloxi (formerly Coker’s Black Beauty), 
Osaya, Otootan, Ozark, Palmetto, Pee Dee (Coker’s 31-15), 
Peking, Pine Dell Perfection, Pinpu, Richland, Rokusun, 
Sato, Scioto, Shiro, Sioux, Sooty, Sousei, Southern Green, 
Southern Prolifi c, Soysota, Suru, Tarheel Black, Toku, 
Tokyo, Virginia (selection {19186-D} from the Morse 
variety at Arlington Experiment Farm in 1907), Waseda, 
Wea, White Biloxi, Willomi, Wilson, Wilson-Five, Wisconsin 
Black, Woods’ Yellow, Yelredo (a nonshattering selection, 
Coker’s 319), Yokoten. Address: 1. Senior Agronomist; 2. 
Assoc. Agronomist, Div. of Forage Crops and Diseases; 
Both: USDA Bureau of Plant Industry, Washington, DC.

1100. Dimmock, F. 1939. Soybeans. Canada. Department of 
Agriculture, Farmers’ Bulletin No. 80. 22 p. Dec. Also called 
Canada. Dept. of Agriculture, Publication No. 660. Revision 
Pamphlet 155. Also in Plant Science Literature 11:06 (1940). 
[1 ref]
• Summary: Contents: Description of the soybean plant. Soil 
and climatic adaptation. Uses of soybean seed: Soybean oil, 
soybean meal, soybean fl our. Uses of the soybean for forage 
and soil improvement. Varieties: Yields, varietal adaptation, 
protein and oil content of seed, size of seed, colour of seed, 
registration. Culture: Soil preparation, time of seeding, 
inoculation of seed, method of seeding, depth of seeding, 

cultivation, harvesting, threshing. Storage and marketing of 
seed.
 In Canada, the “area devoted to the crop in 1938 
probably did not exceed 20,000 acres, nearly all of which 
was in the province of Ontario. Small patches were being 
grown in Nova Scotia, Quebec, southern Manitoba and 
British Columbia. At the present time, investigations 
are under way in practically all provinces to determine 
the possibilities of the soybean in various parts of the 
Dominion.” Address: Div. of Forage Plants, Experimental 
Farms Service, ONT, Canada.

1101. Marszewska-Ziemiecka, J.; Nowotnówna, A.; 
Klukowska, W. 1939. Szczipienie roslin motylkowych. Cz. 
2. Szczepienie soi [The inoculation of leguminous plants. 
2. Soybean inoculation]. Memoires de l’Institut National 
Polonais d’Economie Rurale a Pulawy 17:253-86. [Pol; 
eng]*
• Summary: This issue of the Journal was presented for 
publication in May, 1938. During 1932-35, tests were 
conducted to determine the most suitable strains of 
Rhizobium japonicum for soybean varieties grown on Polish 
soils. The crop is said (1938) to have been only recently 
introduced into Poland and failure of the plants to grow well 
is attributed to lack of suffi cient acclimatization.

1102. Riede, G.; Bucherer, H. 1939. Ueber Lebensdauer, 
Wirksamkeit und Leistung der Sojaknoellchenbakterien [On 
the lifespan, effectiveness and performance of soybean root 
bacteria]. Zentralblatt fuer Bakteriologie. Series 2. 100:25-
34. [Ger]*
• Summary: It is not enough to pay attention to the 
hereditary dispositions of the strain of bacteria or to the 
mixture of strains, but one must, in addition, be concerned 
about the condition, age and method of preservation of the 
nitrogen-fi xing bacteria, without speaking of other factors.

1103. Erdman, Lewis W. 1939. Important facts you should 
know about soybean inoculation (Brochure). Milwaukee, 
Wisconsin: The Nitragin Co. 4 p. [1 ref]
• Summary: “’Without good nodulation, success with 
soybeans is impossible.’ This statement was made by a 
leading soil bacteriologist while addressing the annual 
meeting of the American Soybean Association. Obviously 
every grower of soybeans is anxious to learn the very latest 
facts concerning soybean inoculation. The purpose of 
this pamphlet is to present these facts and help you to get 
maximum benefi ts and profi ts from your soybean crop.
 A photo shows a fi eld of soybeans. The crop on the left 
is inoculated with Nitragin, that on right not inoculated.
 “Soybeans and Soil Improvement: For soybeans to 
function as soil builders, it is necessary to plow them 
under as green manure, or feed them on the farm and 
return the manure to the soil. The reason for this is that 
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about nine-tenths of the soybean plant is above the ground. 
If this portion is used for hay and sold, or if the seed is 
harvested and the straw is removed, there will be a loss of 
nitrogen rather than a gain, even though the soybeans are 
well inoculated. The extent to which the use of the crop 
determines the gain or loss of nitrogen in the soil, is shown 
by the fi gures in the following table.”
 A table titled “Effect of soybean use upon nitrogen 
added to soil” has two columns: (1) Method of handling crop 
and (2) Pounds of nitrogen added per acre.
 Green manure: 88 lb. Combined 16 lb. Seed harvested 
and straw removed: -3. Hay -30. Source: “University of 
Illinois data. Published in Proceedings of the American 
Soybean Association.
 “In ‘Studies on Nitrogen Fixation by Inoculated 
Soybeans’ made at Iowa State College and published in 
Proceedings and Papers of The First International Congress 
of Soil Science, the following statements were made. ‘The 
results show that soybeans offer very little promise as a soil-
building crop unless they are exceptionally well inoculated 
and that the degree or intensity of the inoculation on soybean 
roots determines, to a large extent, the amount of nitrogen 
fi xed from the atmosphere. Where the plants are only slightly 
inoculated the amount of nitrogen fi xed by soybeans is 
practically negligible, but when they are well inoculated, 
very appreciable amounts of nitrogen may be expected to be 
taken from the atmosphere.’
 “Effect of Inoculation on Yield of Soybeans: In Circular 
326 of the Illinois Agricultural Experiment Station, the 
effect of inoculation on yield of hay and seed is reported 
as follows:” A table shows–Yield per acre for Manchu 
soybeans:
 Inoculated: Hay–2.99 tons. Seed: 33.9 bushels.
 Not inoculated: Hay–2.07 tons. Seed: 21.5 bushels.
 Gain for inoculation: Hay–0.92 tons. Seed: 12.4 bushels.
 “’By assigning money values to the hay and seed, we 
may get some idea of the value of this treatment just from the 
standpoint of yields, disregarding its value in improving the 
soil. Assuming that soybean hay sells for $15 a ton and that 
the cost of harvesting and marketing is $5 a ton, the net value 
of the increase secured by inoculation is $9.20. If we further 
assume that 2 bushels of seed are sown per acre and that it 
costs 50 cents a bushel for inoculation, the interest on the 
investment in the inoculation is 920 per cent. Who would not 
take advantage of an investment yielding such a return?’
 “’The yield of hay was almost doubled and the yield 
of seed was tripled, as a result of the combined lime and 
inoculation treatments on Soybeans grown on the Grundy 
Silt loam.’ (From Iowa Exp. Station Bulletin No. 298.) The 
Wisconsin Station (Bulletin 375) reported on inoculation 
tests on soybeans at three substations. The increase in seed 
production ranged from 60 pounds on the richer soils to as 
much as 324 pounds on the medium light soils. The two year 
average in three counties on eight farms with six varieties of 

soybeans shows a gain of 1108 pounds per acre dry weight 
for the inoculated plants over the uninoculated soybean 
plants.
 “Effect of Inoculation on Protein Content of Soybean 
Hay and Seed: Inoculation increases the protein content and 
feeding value of soybean hay and seeds. Soybeans having 
relatively high content of protein, usually bring greater 
cash returns to the grower. The Missouri Station reports 
data which shows that uninoculated soybean hay contained 
151 pounds of protein per ton, while the inoculated hay 
crop contained 298 pounds, a real gain of 147 pounds of 
protein per ton. In Iowa, ‘the quality of the soybean crop, as 
measured by the protein content, was also improved by lime 
and inoculation. The percentage content of protein in the hay 
was practically doubled, and in the seed, it was increased 
about one-third.’
 “In Wisconsin, it was found that the average increase 
in nitrogen content of the inoculated plants was 44.58 
pounds per acre. This is equivalent to 278.63 pounds more 
protein per acre from the inoculated plants than from the 
uninoculated soybean plants.
 “Effective vs. Ineffective Strains of Soybean Bacteria: 
Laboratory studies have made possible the discovery of 
all sorts of legume bacteria–some are found to be highly 
effective in furnishing nitrogen to legume plants–while 
others may be defi nitely ineffective, that is, they form 
nodules, but cause no increase in growth or other benefi t to 
the legume plants. Then there are all gradations of strains 
of legume bacteria between these two extremes. This is 
the reason why some plants may be well inoculated, while 
others are poorly inoculated. Recent work reported by the 
Wisconsin Station emphasizes the fact that legume bacteria 
living in the soil may be largely of the ineffective type. Two 
hundred random soybean fi elds were examined. Nodules 
were obtained from plants growing in these fi elds, soybean 
bacteria were isolated and these strains or cultures used to 
inoculate soybeans grown in sand pots in the greenhouse. 
The results showed their ability to benefi t the soybean plants 
as follows: 50 per cent were poor or ineffective; 25 per cent 
were only fair; 25 per cent were good or effective.
 “Results of this nature have led Experiment Stations 
to urge farmers to inoculate soybean seeds whenever and 
wherever they are planted.
 “Summary: With the above Agricultural Experiment 
Station facts in view, no farmer can afford to neglect to 
inoculate his soybeans whether they are to be used for hay, 
seed or green manure. The main purpose in good inoculation 
is to obtain abundant nodulation with effective strains 
of soybean bacteria capable of taking large quantities of 
nitrogen from the air and making it available for the growth 
of the soybean plants.
 “Why Nitragin Leads Everywhere: During each 
growing season, representatives of the Nitragin Company 
select nodules from different varieties of soybeans growing 
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under a wide range of soil and climatic conditions. From 
these nodules a large number of different strains of soybean 
bacteria are obtained. These are tested in the laboratory 
for purity, and fi nally on soybean plants, to determine their 
ability to utilize air nitrogen. Individual strains are used to 
inoculate soybean seeds which are grown under controlled 
conditions in pots of sterilized nitrogen-free sand in the 
Nitragin greenhouse. At the end of the growth period, the 
entire plants, tops and roots, are analyzed for nitrogen 
content. The difference in nitrogen between the inoculated 
and uninoculated plants used as controls is the gain in 
nitrogen, or the amount of nitrogen actually taken from the 
air. The plants showing the highest amount of nitrogen are 
produced by the most effective strains of soybean bacteria. A 
selection of the very best strains is thereby made possible.
 “There is as much difference in strains of soybean 
bacteria as among varieties of seed or breeds of livestock... 
and selected strains of legume bacteria show the same 
superiority over natural or chance inoculation, as do 
pedigreed seeds or breeds over wild plants or scrub livestock. 
Nitragin strains have been built up by nearly 40 years of 
continued research, selecting and triple testing... tests in the 
laboratory, in the greenhouse and in the fi eld.
 “Only Nitragin bacteria are propagated by the exclusive, 
perfectly-controlled Nitragin patented process in Nitragin 
patented incubators. Only Nitragin has proved itself by 
nearly 40 years of profi table use by practical farmers. 
Nitragin was the fi rst commercial inoculant in the world; 
fi rst to sell on the bushel basis; fi rst to use a moist humus 
medium; fi rst to print the number (billions!) of bacteria 
packed in each can; fi rst to put expiration date on every can 
for your protection against stale stock. Nitragin features are 
constantly being imitated, but Nitragin has set the pace for 
nearly 40 years, and today is more widely used than all other 
commercial inoculants.”
 “Nitragin ‘S’ Culture was ordered by dealers for over 
980,000 Bushels of Soybeans in 1938.”
 “The picture [photo] on the right shows how different 
strains of soybean bacteria vary in their ability to aid the 
soybean plant. Two strains are highly effective while one 
strain was poor when compared to the uninoculated check. 
All plants were grown under controlled conditions...”
 A photo shows “The way a can of Nitragin looks before 
and after opening.” Address: Director of Research and 
Production, The Nitragin Co., Inc., [3747 North Booth St., 
Milwaukee, Wisconsin].

1104. Graham, Ellis R. 1939. Magnesium as a factor in 
nitrogen fi xation by soybeans. PhD thesis, University of 
Missouri–Columbia. In: Doctoral Dissertations Accepted by 
American Universities, 1939. *
Address: Univ. of Missouri–Columbia.

1105. Granhall, I. 1939. Växtförädlingsstudier beträffande 

sojaböna, lin m.m.i Östersjöländerna och Mellaneuropa 
[Plant cultivation studies regarding soybeans, fl ax and other 
plants in the Baltic countries and Central Europe]. Sveriges 
Utsaedesfoerenings Tidskrift 49(2&4):161-79, 336-50. [Swe]
• Summary: As is well known, in 1938 a number of new 
cultivated plants, including the soybean (sojabönan), were 
adopted into the Swedish Seed Association’s program after 
a special allocation for increased work with fl ax, etc. was 
granted by Swedish Parliament. It was particularly valuable 
for these cultivation sectors for two study/collection trips to 
be conducted in the winter of 1937-1938. For this allocation, 
which was graciously provided by bank director August 
Nachmanson, the Swedish Seed Association holds a debt of 
gratitude.
 The fi rst excursion, to England, Belgium and the 
Netherlands, which exclusively delved into the growing and 
cultivation of soybeans (sojabönans), was undertaken by 
Torsten Nilsson-Leissner M.Sc. in October-November 1937.
 The second trip was made by yours truly during 
February and March of 1938. My experiences are hereby 
summarized in this compilation. The trip covered a number 
of countries, namely Finland, Estonia, Latvia, Poland, 
Lithuania, Germany, Austria, Hungary, Romania and 
Czechoslovakia, which were visited in the order listed.
 Finland (Page 161): Interestingly enough, soy beans 
(sojabönor) were also tried on smaller parcels at the research 
center in Dickursby. This was done in connection with the 
vernalization experiments led by J. Wallin. One of the types 
included (from Bitterhoff, Germany) matured relatively well 
during the fortuitous year of 1937, despite being seeded as 
late as the end of May. The vernalization (treating of the 
seeds by soaking them and then keeping them at a given 
temperature according to the process indicated by [Trofi m] 
Lysenko) had no hastening effect with regard to the soy 
beans’ growth.
 Estonia: The Jogeva Agricultural Research Center, 
which was founded in 1920 at the site of the former Swedish 
Royal Lands at Laisholm, some 50 kilometers north of 
Tartu, has now in just two year’s time conducted observation 
experiments with soy (soja). The best crop, i.e. a full 2,200 
kg/ha, was obtained in 1937 with the Manitoba Brown 
variety. This year the weather conditions were particularly 
favorable and the crop obtained was of excellent quality, 
with up to 45% raw protein and 15% fat. Even the Mandarin 
variety matured relatively nicely. One farmer near Jogeva 
had a rather large cultivation of Manitoba Brown in 1937 
and with that reportedly obtained a hectare harvest of 
approximately 2,000 kg.
 In 1937, the planting of soy beans was done around 
May 20th in Jogeva. After the seedlings emerged, there was 
a rather severe cold spell with temperatures reaching -5 
to–8ºC, however, the soy was not damaged. Compared to 
other crops like fl ax, for example, soy (sojan) is vary hardy 
against spring frosts. Whereas on the other hand, people 
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had the perception that it was signifi cantly more sensitive to 
below-freezing temperature in fall. The harvest in 1937 came 
at the end of August for the earliest varieties, but generally 
for other varieties in September or later.
 Poland (p. 4): Both professor J. Muszynski in Vilnius 
[in today’s Lithuania] and the national research facility in 
Pulawy work with soy cultivation (sojaförädling) in this 
country. Due to the geographical location of Vilnius (about 
the same latitude as the island of Rügen), and the good 
results already achieved there, it was with high hopes that 
I sought out professor Muszynski. Unfortunately, there 
was no time for a visit to Pulawy, which is located south of 
Warsaw. Professor Muszynski, who holds a professorship 
in pharmacology at the University of Vilnius, has worked 
with the cultivation of soybeans since 1926. He has 
considerable knowledge on the topic and has also published 
a rather extensive handbook, which is unfortunately written 
entirely in Polish. The reason he got into soy cultivation 
is soy’s value from a human food source standpoint and 
in connection with that, it may be of interest to cite the 
closing words of his handbook: “Because of its signifi cance 
as a human food source, the introduction of soy to Polish 
agriculture should represent a greater revolution than the 
introduction of the potato. With the introduction of soy, 
malnourishment in our country’s rural population is destined 
to disappear. The primary food among the country’s rural 
people is the potato which means that individuals get too 
little protein.” Professor Muszynski has thus far grown two 
new types of soy (sojasorter), namely Batorovka (yellow 
seeded) and Wilenska (brownish-black). Both are early and 
have provided a relatively good yield in Vilnius. Another 
Polish sort is the Pulawska, grown near Pulawy. For the 
most part, soy cultivation in Poland is still rather small. The 
harvest was generally reported to be from 9 to 14 dt/ha in the 
northern areas, approximately 18 dt/ha in Wielkopolska and 
15 to 25 dt/ha in nature’s most favorable regions of Volhynia 
and Podolia [in today’s Ukraine].
 In Vilnius, planting is usually done from the 1st to the 
10th of May, however, sometimes as late as the 15th-20th. 
In Pulawy, planting is done a few weeks early, from April 
20th to May 1st. In Vilnius, the experience is the same as in 
many other locations in that soy is not particularly sensitive 
to spring frost. It has been observed that frosts in early June 
that wipe out cucumbers, tomatoes and string beans have 
not in any way damaged soy plants (sojaplantorna). The 
growth period for the Wilenska and Batorovka varieties can 
generally be calculated to around 130 days in Vilnius. Upon 
maturation all of the leaves completely fall off.
 Also in several other regards, including questions 
about the methods for soy bacterial inoculation, professor 
Muszynski had interesting information to offer. In his 
breeding work, he has only used the selection method thus 
far. Consequently, he has not done any cross-breeding, which 
is due both to the diffi culty of pulling off successful crosses 

and that his allocation for soy breeding is quite modest.
 I also visited an oil production facility near Vilnius, 
which was reportedly the second biggest in Poland. It 
worked primarily with sunfl ower, but also with fl ax, 
rapeseed, hemp, soy, etc. seed pressing.
 In Vilnius there is also another large institute for textile 
plant studies, including a plant breeding facility, laboratories, 
textile school and fl ax processing plant. The head of research 
at this facility is professor J. Jagmin.
 Lithuania (p. 166): At the national plant breeding facility 
in Dotnuva, which in parentheses is said to work largely 
according Svalöf models, the soybean has been adopted into 
their program since 1925. The current director is agronomist 
Z. Mackevicius, who previously studied for half a year at 
Svalöf.
 Breeding work has thus far resulted in two varieties of 
soy, Dotnuva brown (Rudagrüdé) and yellow (Geltongrüdé), 
of which the former is the earliest. In 1935, the facility gave 
out samples (of 100 grams) to growers of soybeans, along 
with small bottles of inoculant and planting instructions. A 
number of these growers now have considerable quantities 
of soybeans from their own planting, although for others 
the experiment turned out to be a complete failure. In all, 
probably only a few hectares of soy are grown in Lithuania. 
In 1938, however, there was possibly a considerable 
increase. In Lithuania for the time being, soy is considered a 
horticultural plant.
 The cultivation experiments with soy, which have 
continued at Dotnuva since 1933, are interesting, in that 
different planting times, plant separation distances, etc. were 
tried. Among the results thus far, it must be said that of the 
three different planting times (5/5, 5/15 and 5/25) for 1935, 
1936 and 1937, the best harvest was achieved with the 5/15 
planting. Analysis of the harvest from these experiments 
showed that with an earlier planting a high-protein, low-fat 
content (37% and 12% respectively) is obtained, as opposed 
to a later one (33% and 16%, respectively). The best plant 
distance was 40 x 10 cm. In an inoculation experiment, it 
was demonstrated that bacteria-inoculated plants generally 
become larger with more leaves and with favorable weather 
produce a higher yield. In 1935, which was a rainy year in 
Dotnuva, a better harvest was obtained without inoculation, 
however, probably because inoculation promotes vegetative 
growth and delays maturity.
 In 1937, a rather higher harvest yield was obtained (up 
to 15-25 dt/ha) and maturity for the earliest varieties, e.g. 
Dotnuva brown, occurred on September 2nd.
 Several years ago, a rather extensive crossbreeding 
project was conducted with soy at Dotnuva and rich material 
from this is currently available. The crossbreeding procedure 
was conducted in a botanical garden on potted material, 
which undoubtedly presented great diffi culties, but it was 
highly successful. The variation that can be obtained after 
crossing is great. With regard to maturity time, sister lineages 
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could be observed with a 3-4 week difference in maturity 
time.
 Because of agronomist Mackevicius’ interest in Svalöf, 
some very valuable material was obtained from new hybrids, 
for example, which have still not been marketed. Continued.

1106. Nye, G.W. 1939. Reports of the botanical section: 
Report of the Senior Botanist, Bukalasa. Uganda 
Protectorate Department of Agriculture, Annual Report. Part 
II. p. 42-56. For the year ended June 30, 1938. See p. 54, 56.
• Summary: The section titled “Soy Beans” states: The 
importance of Soy beans from a nutritional standpoint 
needs no emphasis. Excellent crops have been obtained 
at Bukalasa in both seasons, i.e., early and late rains and 
there is every reason to expect higher yields as the seed 
becomes acclimatized and soils become infected with the 
nodule forming organism. Actually, nodule formation has 
only occurred on one very small plot at Bukalasa. Numerous 
varieties have been obtained from America and South 
Africa, and these are being increased for proper yield trials. 
Considerable variation in earliness, straw production, etc. 
was observed.”
 A trial of three soybean varieties gave the following 
yields in pounds/acre: Barberton Y 1 1,060, Serere 840, 
Laredo 25. Note: Barberton Y1 originated in South Africa, 
Serere is an agricultural station in Uganda, and Laredo 
originated in the USA.
 “Barberton Y 1 [which originated in South Africa] was 
defi nitely earlier maturing than Serere. The Serere variety 
selected by Mr. Hosking in Trinidad appears to be very 
suitable for forage owing to the large amount of vegetable 
material produced. Quarter-acre increase plots sown in the 
late rains gave yields at the rate of 664 lbs. per acre for Local 
and 626 for Barberton Y 1, which were very satisfactory. 
Very little disease occurred, although at that time of the year 
Cercospora is usually very severe on all types of beans.”
 The last section titled “Other Crops” notes: “Collections 
of Yams, Tannias, Sweet Potatoes, Peas, Soy Beans and 
Bambarra Groundnuts [Bambara; Voandzeia subterranea 
(L.) Thouras var. subterranea] are being made with a view 
of selecting the best types for supplementing the native diet. 
Several new varieties of these crops have been obtained 
from other countries.” Address: Senior Botanist, Botanical 
Section, Bukalasa, Uganda.

1107. Haigh, J.C. 1940. Essais de culture de soja à Ceylan 
[Trials with soybean culture in Ceylon]. Agriculture 
et Elevage au Congo Belge 14(1):5-8. Jan. Reprinted 
in Revue Internationale des Produits Coloniaux et du 
Material Colonial 1940. Jan/Feb. p. 17-22. And in: Revue 
Internationale du Soja. 1941. March. p. 63-68. [Fre]
• Summary: This is an French-language translation of the 
following English-language article: Haigh, J.C. 1939. “Trials 
with soybean in Ceylon.” Tropical Agriculturist (Ceylon) 

93(3):144-56. Sept. Address: Botanist.

1108. Link, G.K.K.; Eggers, Virginia. 1940. Hyperauxing 
of nodules of red kidney beans, soybean, and garden pea. 
Phytopathology 30(1):15-16. Jan.
• Summary: “Using the Avena coleoptile test and peroxide-
free ether extracts of the test material, it was shown that the 
auxin content of nodules (1) of kidney bean is 3-10 times 
greater; (2) of soybean is 1.5 times greater; and garden pea is 
2.5 times greater, respectively, than that of the roots that bore 
them.”
 This is an abstract of a paper presented at the Thirty-fi rst 
Annual Meeting of The American Phytopathological Society, 
Columbus, Ohio, December 27 to 30, 1939, inclusive.

1109. McRostie, G.P.; Laughland, J. 1940. Soybeans in 
Ontario. Ontario Department of Agriculture, Bulletin No. 
407. 12 p. Feb.
• Summary: Contents: Introduction. The plant. Uses: 
Hay, seed, straw, soybean meal, soiling crop, ensilage, 
soil improvement, soybean oil, other products. Feeding 
value. Climatic adaptation. Place in rotation. Culture: 
Soil, preparation of seed bed, manure and fertilizers, seed 
selection, inoculation, dates of seeding, methods and rates of 
seeding, depth of seeding, seasonal care, harvesting for hay 
or seed, threshing, storing. Varieties. Description of varieties: 
Manitoba Brown (Brown, Ogemaw), Kabott (From Mr. 
R.R. Kabalkin in Manchuria), Mandarin, Cayuga, Minsoy, 
Hudson Heights (Hudson; a selection by T.B. Macaulay of 
Hudson Heights, Quebec), O.A.C. No. 211 (selected from 
the Habaro variety), Goldsoy, Quebec No. 92, Manchu, Illini. 
Soybeans in mixtures (with grains and grasses). Enemies of 
the soybean.
 Concerning other food products (p. 3): “Soybean fl our, 
which is made into bread, cakes and muffi ns, due to its very 
low percentage of starch, is of especial value as a diabetic 
food. Soybean milk, curd [tofu] and breakfast foods are 
products of this bean. Lecithin, a complex fatty material 
containing phosphorus and nitrogen, is also obtained from 
the soybean and is used in candy making. Green soybeans 
(probably green vegetable soybeans), dried beans and bean 
sprouts are used in many ways for the table.”
 Concerning varieties (p. 9): “Both Manitoba Brown 
and Brown are varieties which have been selected from 
Ogemaw which was introduced by E.E. Evans, West Branch, 
Michigan, 1902, as a supposed cross between Early Black 
and Dwarf Brown varieties. The Manitoba Brown is an early 
selection made at the University of Manitoba. All three are 
similar in appearance and may be described as follows: seed 
colour brown, medium to large in size, hilum chocolate; 
plant short, erect, bushy; fl ower purple. They are very early 
varieties suitable for seed and may be successfully grown in 
northern districts.”
 Concerning enemies (p. 12): “In Japan, according to 
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reports, there are many destructive diseases which attack 
the soybean. In the United States, no pest has assumed 
any great economic importance, but there have been some 
losses due to rabbits, woodchucks, root rot, cowpea wilt and 
caterpillars. Forty-three years of experiments at the Ontario 
Agricultural College have shown little loss due to fungus and 
bacterial diseases, but some parts of Ontario have reported 
that groundhogs show a preference for this crop. This 
comparative freedom from plant enemies is a favourable 
factor in promotion of soybean culture in Ontario.”
 Note: This is the earliest document seen (Sept. 2004) 
that mentions the soybean variety Kabott. Address: 1. PhD, 
Prof. and Head of Dep.; 2. B.S.A., Extension specialist. 
Both: Dep. of Field Husbandry, Ontario Agricultural College, 
Guelph, Ontario, Canada.

1110. Thorne, D.W.; Burris, R.H. 1940. Respiratory enzyme 
systems in symbiotic nitrogen fi xation: II. The respiration of 
Rhizobium from legume nodules and laboratory cultures. J. 
of Bacteriology 39(2):187-96. Feb. [4 ref]
• Summary: A method was developed by which suspensions 
of the bacterial organism are prepared directly from the 
legume root nodule; especially good suspensions can be 
prepared from plants bearing large nodules (such as soybean 
and cowpea) since separation of the bacteria from the inert 
cortical material is easily accomplished. The enzyme systems 
of these nodular suspensions can be readily compared with 
those of bacteria grown on a laboratory medium. There 
are no consistent differences between strains of the same 
species; the slow growers (soybean and cowpea) differ 
signifi cantly from the others in their rate of respiration on 
several substrates. Address: Univ. of Wisconsin, Madison, 
Wisconsin.

1111. Ozouf, René. 1940. Le soja [The soybean]. Journal des 
Instituteurs et des Institutrices (France) 86(12):47. March 2. 
[2 ref. Fre]*
• Summary: This article appears in the section of this 
issue titled “Partie Scolaire,” in the subsection titled 
“Pour les Grandes et les Adultes.” Contents: Introduction. 
Its cultivation (one of the oldest cultivated plants in the 
world, widely cultivated for ages in East Asia (especially 
Manchuria)), it is an annual, which prefers temperate 
climates, there are more than 1,200 varieties, cultivated in 
the Corn Belt of the USA, and in Korea, Japan, Java, the 
USSR, Romania, Hungary, Bulgaria, Yugoslavia, and France 
(but yields here are low).
 Its utilization: The bacteria in the nodules on its roots 
are a source of nitrogen fertilizer. It can be used as a green 
forage crop, like lucern / alfalfa. If this is dried, it can be 
made into hay or silage. Pigs can be raised on soybean 
pasture in the open air. It is much appreciated as a green 
manure. Because the seeds are rich in nitrogen, protein and 
oil, it is utilized in the form of beans or of oilseed presscake 

for the feeding of all farm animals. It also has many uses as 
an industrial product. Above al, it is used as a source of oil 
and cake / meal.
 The modern soybean utilization industry is most highly 
developed in Manchuria, where the principal centers are (in 
order of importance) Dairen, Harbin, Antung and Yingkou 
(W.-G. Ying-k’ou; formerly Newchwang or Niuchwang); 
in China, above all in Nanking and Shanghai; in Korea at 
Konan (in today’s North Korea) and in the ports of Seishin 
(Ch’ongjin, Chongjin, in today’s North Korea), and Rashin; 
in Japan at Kobe-Osaka and Tokyo-Yokohama; in Siberia, in 
the Russian Far East at Khabarovsk and Vladivostok.
 In Europe, Germany is in fi rst place in the various soy 
industries, and especially of oil, lecithin, and cakes. Hamburg 
and its surroundings are the leading center, followed by 
Bremen, Stettin [part of Germany in 1940; Szczecin, in 
Poland as of July 2014], Berlin, etc. In the years immediately 
preceding the war of 1939, the Reich imported 40-50% of 
the soybeans produced in Manchuria. Hull is the principal 
soybean crushing center in England. Throughout Scandinavia 
the soybean is transformed into cake and margarine, as 
well as in the Netherlands and in Belgium. In France, two 
factories that make oil and lecithin are in operation near 
Arras and Lille.
 In the United States soybean processing industries are 
developed everywhere, particularly in Chicago [Illinois] and 
Milwaukee [Wisconsin] and in the towns of Illinois and New 
York. Ford automobile factories use soybeans to make plastic 
accessories.
 Soybean trade and commerce.

1112. Allison, F.E.; Ludwig, C.A.; Hoover, S.R.; Minor, F.W. 
1940. Biochemical nitrogen fi xation studies. I. Evidence for 
limited nitrogen supply within the nodule. Botanical Gazette 
101(3):513-33. March. [2 ref]
• Summary: Studies of the effects of increased oxygen 
tension upon nodule respiration concluded that oxygen 
tension was low within the tissue of soybean nodules. 
Address: Bureau of Agricultural Chemistry & Engineering 
U.S. Dep. of Agriculture, Washington, D.C.

1113. Allison, Franklin E.; Ludwig, C.A.; Minor, F.W.; 
Hoover, S.R. 1940. Biochemical nitrogen fi xation studies. 
II. Comparative respiration of nodules and roots, including 
non-legume roots. Botanical Gazette 101(3):534-49. March. 
[6 ref]
• Summary: “The purpose of the present study was to 
determine to what extent nodule metabolism differs from 
root metabolism, particularly that of legume roots. Since 
nodules are fi lled with bacteria there seems to be a rather 
widespread belief that their metabolism, as evidenced by rate 
of respiration, is markedly higher than that of root tissues.” 
Address: Bureau of Agricultural Chemistry & Engineering, 
U.S. Dep. of Agriculture, Washington, D.C.
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1114. Link, George K.K.; Eggers, Virginia. 1940. Avena 
coleoptile assay of ether extracts of nodules and roots of 
bean, soybean, and pea. Botanical Gazette 101(3):650-57. 
March. *
• Summary: Nodules from bean, soybean, and pea have a 
greater content of auxones (a general designation for plant 
growth substances) than the denodulated roots and that these 
in turn possessed a greater auxonic content than roots grown 
in sterilized substrates.

1115. Pittman, D.W. 1940. Advisability of extensive 
introduction of soybeans investigated: Income of 34 to 37 
dollars an acre possible. Farm and Home Science 1(1):3. 
March.
• Summary: “Yields of 22 to 27 bushels per acre of threshed 
soybeans have been obtained by the Experiment Station on 
good irrigated land in Utah under favorable conditions. At 
a normal price of about $1.25 per bushel this would give a 
total income of $27.50 to $33.75 per acre. It has been found 
that late varieties of soybeans will not mature in Utah. Early 
varieties mature easily but do not yield well. Mid-season 
varieties, such as Illini and Mukden give the largest yield in 
Utah but run considerable risk of injury by early fall frosts. 
These facts are the result of tests covering a fi ve-year period 
conducted by the Agronomy and Soils Department in an 
investigation of the practicability and desirability of the 
development of the soybean industry in this state...
 “Investigations at the Experiment Station have shown 
that if the soybean is to be grown in Utah it should be 
planted about May 1, and the seed should be inoculated 
when planted on land not previously in soybeans. Inoculant 
with instructions for its use, may be obtained from the seed 
companies...
 “The amount and seasonal distribution of irrigation 
water needed by soybeans is about the same as for corn. The 
plant is not especially drought resistant and needs much of its 
water in late summer. Soybeans should be harvested as soon 
as most of their leaves have fallen...
 “There is as yet no local market for threshed soybeans 
and probably will not be unless some relatively large local 
industry should be developed to handle them. A press to 
separate the oil from the cake will be the fi rst requirement. 
Then some industry to utilize the oil in paint, margarine 
or plastics will be needed. The cake will fi nd a ready local 
market as stock feed, as there are already 200 carloads of 
this feed shipped into the state each year, used mostly by the 
poultry industry. It may also supplant the cottonseed cake of 
which a considerable amount is also shipped into the state.
 “Although soybeans are grown extensively in the 
middle west for forage they will probably never become an 
important forage crop in Utah where alfalfa grows so well. It 
may be found desirable, however, to grow them where a one-
year crop is wanted as alfalfa does not mature a crop the year 

it is planted. Soybeans may be grown along with corn in the 
same row and used for green feed or as silage.
 “The question of the introduction of soybeans into Utah 
should be decided on economic considerations. Soybeans 
would displace some other crop on good irrigated land.”
 Note: This journal was later renamed Farm and Home 
Science. Address: Utah.

1116. Castelli, Tommaso. 1940. Ulteriori ricerche sulla 
produzione dei tubercoli radicali della soja [Further research 
on the production of soybean root nodules]. Italia Agricola 
(L’) 77(4):253-61. April. [13 ref. Ita]
Address: Perugia, Facolta di agraria della R. Universita, 
Laboratoria di microbiologia agraria e tecnica.

1117. Lancet. 1940. The soya bean. July 6. p. 16. [1 ref]
• Summary: The soya bean is “the richest in food value of 
all vegetable substances. It assimilates more nitrogen from 
the air and extracts its sustenance from the air with greater 
economy than any other plant. It contains more nitrogenous 
matter than beef-steak.” Soya bean fl our contains 40% 
protein, 20% fat and 20% carbohydrate.
 The soya bean has been used as a food in China for 
thousands of years, but Europeans “have only recently 
become aware of it. Germany imported 800 tons of it in 
1908, 80,000 tons in 1923, and 800,000 tons in 1928. Since 
then they have laid up vast reserves by encouraging its 
cultivation in Rumania and Bulgaria. Its fl our [Edelsoya, rich 
in iron] feeds their soldiers and its oil feeds their machines.”
 After the German invasion of Poland [which began on 
1 Sept. 1939], German offi cers in Berlin were boasting that 
without soya, the German army would not have been able to 
advance so rapidly.
 Dr. Helen Mackay has been working with soybeans 
in the UK in the fi eld of pædiatrics (Footnote: Archives of 
Disease in Childhood, 1940, p. 1). “She has fed 48 babies on 
a milk made from equal parts of soya fl our and dried milk 
powder,” and she has found that despite minor disadvantages 
“this mixture may be an inexpensive and effi cient substitute 
for breast milk or cow’s milk.”

1118. Chen, H.K.; Thornton, H.G. 1940. The structure of 
‘ineffective’ nodules and its infl uence on nitrogen fi xation. 
Proceedings of the Royal Society, Series B, Biological 
Sciences 129(855):208-29. Aug. 9. [20 ref]
• Summary: “1. The anatomy and cytology of nodules 
produced on clover, peas and soy beans by ‘effective’ and 
‘ineffective’ strains of Rhizobia were investigated, with 
special reference to the changes in volume of the active 
infected tissue during the life of the nodule.”
 “3. In all nodules the active bacterial tissue eventually 
disintegrates, but in effective clover nodules it remains 
without disintegration for about six times as long as in 
ineffective nodules.”
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 “6. In soy beans the mean volume of bacterial tissue was 
4.75 times as great in effective as in ineffective nodules and 
the percentage of that volume composed of infected cells 
was twice as great.
 “7. In ineffective soy bean nodules disintegration of the 
bacterial tissue began when the plant was 4 weeks old and 
was practically complete by the twelfth week, at which time 
no disintegration could be found in effective nodules.
 “8. The difference in amount of nitrogen fi xed by soy 
bean plants bearing each type of nodule could be accounted 
for wholly by the factors mentioned above.
 “9. Thus in both clover and soy bean nodules the volume 
and duration of the active infected tissue are the main, if not 
the only, factors determining differences in nitrogen fi xation 
amongst the strains tested.”
 “Introduction: The fact that strains of nodule bacteria 
differed in their ability to benefi t the host legume was 
realized as early as the nineties of last century. It was, 
however, the careful work of Stevens (1925) working with 
lucerne, and of Wright (1925 a, b) with soy beans, that 
defi nitely showed the wide differences in nitrogen fi xed 
in the same species of host legume when infected with 
different strains of bacteria.” Address: Dep. of Bacteriology, 
Rothamsted Experimental Station, Harpenden [England].

1119. Morse, W.J. 1940. Soybeans around the world. 
Proceedings of the American Soybean Association p. 72-
74. 20th annual meeting. Held 18-20 Aug. at Dearborn, 
Michigan.
• Summary: The areas where soybean production has 
recently increased are the East Indies, Rumania, Austria, 
Bulgaria, Czechoslovakia, and Yugoslavia. “Soybean 
production in the Danube Basin in 1939 amounted to 
approximately 5 million bushels. The acreage in Bulgaria, 
Hungary, Rumania, and Yugoslavia increased more than 
60% in 1940, this being attributed to the activities of two 
German companies which distributed selected seed and 
inoculation culture, and contracted in advance for taking the 
entire production at increased prices. The Greek government 
planned extensive cultivation of soybeans in 1940, providing 
for importation of seed, requiring compulsory cultivation of 
the crop, and the purchase of the entire crop from farmers at 
remunerative prices. In addition to their attempts to establish 
the crop, extensive investigations have been carried on in 
the research laboratories of government agencies and private 
industries of many countries in the development of new food 
and industrial products from the soybean and its by-products, 
oil and oil meal.”
 The increase in production has been largely due to the 
development of adapted soybean types through introduction, 
selection, and hybridization. “Soybean breeding programs 
have been carried on extensively in Germany, Russia, 
Netherland Indies, Rumania, Japan, Manchuria, South 
Africa, Canada, and some of the Balkan countries, and to 

a lesser extent in Sweden, England, Holland, France, Italy, 
Poland, Australia, India, and the Philippines.”
 “The outbreak of hostilities in Europe and the resulting 
interference with the fl ow of Manchurian soybeans into 
European markets brought about a rather critical situation 
to the producers in that part of the Orient. Moreover, 
Manchurian authorities on November 1, 1939, set up a 
soybean monopoly whereby the government purchases 
all soybeans for sale, fi xes the price, and makes all export 
sales... Soybean exports from Manchuria for the fi rst 
8 months of the 1939-40 marketing year amounted to 
approximately 24 million bushels as compared with 59 
million bushels for the corresponding period last season. 
Exports to Europe during the 8 months of this season were 
estimated at about 4 million bushels as compared with actual 
exports of 32 million bushels for the same months in 1938-
39. About one million bushels were exported this year to 
Germany via Trans-Siberian Railway, and over 2.5 million 
bushels to Europe by sea, a major portion of which went to 
Italy.
 “With practical cessation of direct shipments to 
European countries, Japanese and Manchurian offi cials 
began concentrating on the development of new industrial 
outlets for soybeans. The process of making usable protein 
from soybean material as a substitute for imported milk 
casein has been widely studied by government and industrial 
agencies in Manchuria and Japan. At present the principal 
ways in which soybean protein is substituting for milk casein 
are as glue for wooden articles, furniture, veneer, plywood, 
etc., paper sizing, as the adhesive element in insecticides and 
water paints, and as material for artifi cial wool and plastics. 
In 1938 more than 22 million pounds of soybean glue were 
used. A few Japanese companies have industrialized the 
manufacture of protein on rather an extensive scale. In 
Japan only one fi rm is reported to be producing soybean 
plastics, and these are not entirely satisfactory. Soybean 
fi ber, or casein fi ber as it is known in Japanese trade circles, 
is manufactured exclusively by one concern which sells its 
products to a spinning fi rm for making into yarn and cloth. 
The present capacity of the factory is about 22,000 pounds 
per day although actual daily production is said to be only 
about 13,000 pounds. The fi ber known as ‘Silkool’ has not 
yet been exported. The domestic prices range from 33 to 35 
cents per pound.
 “A sample of ‘Soyalex’ recently received from Japan 
was said to contain not less than 60% pure lecithin. This new 
soybean product may be used in making butter, chocolate, 
for dressing of leather, making of shoe polishes and toilet 
foods such as face creams and soaps, for cooking, making 
noodles and macaroni, and in the preparation of valuable 
chemicals.”
 A portrait photo shows W.J. Morse.
 Note 1. This is the earliest document seen (Jan. 2000) 
concerning the cultivation of soybeans in Sweden.
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 Note 2. This is the earliest English-language document 
seen (Nov. 2017) that uses the term “soybean fi ber” to refer 
to spun soy protein fi ber used like a textile fi ber. Address: 
USDA Bureau of Plant Industry, Washington, DC.

1120. Moya, Martin A. de. 1940. La soya en Venezuela 
[The soybean in Venezuela]. Agricultor Venezolano (El) 
(Ministerio de Agricultura y Cria, Caracas) 5(51-52):25-30. 
July/Aug. [Spa]
• Summary: Contents: Introduction. Soil and climate. Trials 
in Maacay. Preparation of the soil and method of planting. 
Harvest. Uses. Benefi ts to the soil. Chemical composition of 
different parts of the soybean.
 Among the various plants imported to Venezuela in 
recent years, the soybean (la Soya) has been assigned a 
signifi cant place in the program of crops and an important 
factor in the development of the industry for using livestock 
for economic gain (Industria Pecuaria). This esteemed and 
valuable plant is a member of the legume family and its 
technical name is Glycine hispida.
 Scarcely 20 years ago it was unknown in the Western 
Hemisphere [sic]. However its cultivation has been extended 
to such a degree that today it is one of the most important 
grains in countries as advanced as the United States of North 
America, where its production grows from year to year.
 The tests conducted in the region of Maracay, Aragua 
State, once again demonstrate the good adaptability of this 
plant; very good results were obtained. Unfortunately, we 
have been able to test only a very small number of the 134 
varieties that are currently known in North America. Among 
the varieties tested, the Mammoth Yellow, with its long 
vegetative cycle of 140-150 days, has prevailed decidedly 
over the others, for its good production of seed and exuberant 
growth. It is very probably, however, that early varieties, 
although they may not give as high a yield of seed and forage 
as the Mammoth Yellow, they fi t better into the cropping 
programs of some agriculturists, such as producers of maize, 
cotton, etc., despite their shorter vegetative cycle of 100-120 
days.
 Experimental trials conducted with Mammoth Yellow in 
the region of Maracay gave yields of 1,400 to 1,600 kg per 
hectare of yellow seed. Trials in other places have given 4-7 
tons per hectare of forage.
 The best time for harvest seems to be in the months of 
January to March, since there are no torrential rains and the 
rays of the sun do not fall so directly on the plant as in other 
months of the year.
 The three main ways in which the soya is used are as 
green forage, hay, and ensilage. In our country, the greatest 
benefi t is likely to be obtained from forage.
 One of the results of soybean cultivation is enrichment 
of the land on which it is grown. If cultivated on hard, 
compact land, the physical condition of the land will be 
improved with complete certainty. If the plant used as forage 

to feed animals and their manure is returned to the soil, 
approximately 80% of the nitrogen, half of which comes 
from the air [through nitrogen fi xation by root nodules], will 
be incorporated in the land.
 Photos (all taken at the Maracay agricultural experiment 
station) show: (1) Large soybean plants of the variety 
Mammoth Yellow ready for harvest. (2) Varietal experiments 
growing in a large fi eld. (3) Another fi eld of Mammoth 
Yellow soybean with two men in suits and hats standing 
in it. (4) A man standing in a fi eld of Mammoth Yellow 
with mountains in the background. Address: Director de la 
Estacion Experimental de las Delicias, Maracay [Venezuela].

1121. Poschenrieder, H.; Sammet, K.; Fisher, R. 1940. 
Untersuchungen ueber den Einfl uss verschiedener 
Ernaehrung mit Kali und Phosphorsaeure auf die 
Ausbildung der Wurzelknoellchen and die Taetigkeit der 
Knoellchenbakterien bei der Sojabohne [Studies on the 
infl uence of various diets with potash and phosphoric acid 
on the formation of root nodules and the activity of nodular 
bacteria in the soybean]. Zentralblatt fuer Bakteriologie, 
Parasitenkunde und Infektionskrankheiten, Jena, Abt. II 
102(18/20):388-89, 395. Sept. 4; 102(21/22):425-32. Oct. 4. 
[24 ref. Ger]
• Summary: This two-part article ends with a 9-point 
conclusion on pages 431-32. Address: Aus der Staatlichen 
Landwirtschaftlichen Forschungs- und Untersuchungsanstalt 
Bernburg.

1122. Agati, Julian A.; Garcia, Eugenia H. 1940. Studies on 
soybean nodule bacteria (Rhizobium sp.): 1. Philippine J. of 
Agriculture 11(1-3):271-83. Plus four plates on unnumbered 
pages at end. First, second, and third quarters. [18 ref]
• Summary: Gives the results of isolation, inoculation, 
nodulation, and nitrogen fi xation on soybean nodule 
bacteria. The presence of nodules is not in itself assurance 
of maximum nitrogen fi xation in the plant. Variability in 
effi ciency of nitrogen fi xation with Rhizopus japonicum is 
conclusively demonstrated, The four plates show soybean 
plants growing in different types of cultures–some solid, 
some liquid. Address: Bureau of Plant Industry [Manila, 
Philippines].

1123. Agri Lab Inc. 1940. New “10 in 1” 50 bushel size 
soybean inoculant (Ad). Proceedings of the American 
Soybean Association p. 25.
• Summary: A half-page ad. Address: General offi ce: 3415 
Milton Ave., Columbus, Ohio.

1124. Dickinson (Albert) Co. (The), Inoculator Div. 1940. 
Insist upon setting Nod-O-Gen, the pre-tested inoculator, for 
your soybeans (Ad). Proceedings of the American Soybean 
Association p. 11.
• Summary: A full-page ad. “Immense volume. Highest 
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quality. Low prices.” “Established 1854.” Address: Chicago, 
Illinois.

1125. Nitragin Company, Inc. (The). 1940. The original 
legume inoculator. Restores and maintains soil fertility (Ad). 
Proceedings of the American Soybean Association p. 31.
• Summary: A full-page ad. “Quality leadership since 1898.” 
A ½ page photo shows a can or Nitragin inoculator. Address: 
3747 No. Booth St., Milwaukee, Wisconsin.

1126. Urbana Laboratories (The). 1940. Inoculate soy beans 
with Urbana Culture: Superior legume inoculator (Ad). 
Proceedings of the American Soybean Association p. 66.
• Summary: This full-page ad is very similar to the one that 
appeared in the 1939 edition of these proceedings. The photo 
is identical. Address: 406 No. Lincoln Ave., Urbana, Illinois.

1127. Arnold, H.C. 1940. Soya beans. Notes on cultivation. 
Rhodesia Agricultural Journal 37(10):588-606. Oct.
• Summary: Contents: Introduction. Varieties for milling. 
Soil and rainfall conditions. Date of sowing. Seed sowing. 
Depth of sowing. Weeding. Harvesting. Yields. Market 
prospects. Production costs. market values. Place in the 
crop rotation. Inoculation with specifi c bacteria: Seed-
dusting with prepared soil. Fodder varieties: Rate of sowing, 
retention of seeds in the pods, Jubiltan No. 65, 67, 77, 109. 
Summary.
 “The undesirable features of previous strains of soya 
beans which made their successful cultivation on a large 
scale a diffi cult matter, appear to have vanished in the new 
strains which have been tried out at the Salisbury Experiment 
Station. The most important of these is Potchefstroom No. 
184... The soya bean is a valuable food: although the costs 
of growing would be higher, the marketing costs would be 
lower than those for maize.”
 Note: By May 1941 this article was available as the 
station’s Bulletin No. 1165. Address: Manager, Salisbury 
Experiment Station.

1128. Nitragin Company, Inc. (The). 1940. Inoculate soy 
beans every year: Get bigger yields, grow richer feed, build 
soil fertility (Ad). Soybean Digest. Nov. p. 9.
• Summary: A full-page ad. Photos show: (1) A man 
standing in a fi eld of soybeans, half of which contains large 
plants, the other half of which contains smaller ones. Above 
the larger half is a caption: Inoculated with Nitragin. The 
other caption reads: Not inoculated. (2) The large brick 
building in Milwaukee, owned by The Nitragin Company, 
which houses its headquarters and laboratories. The caption 
states: “42 years of progress... The Nitragin laboratories are 
the largest, most modern of their kind in America.”
 “It’s not news to soybean growers that Nitragin 
inoculation often increases yields up to 50%, makes hay 10 
to 25% richer in protein and under proper management helps 

build up the soil. But too many farmers still think that once 
a fi eld has grown inoculated soybeans, all the advantages of 
good inoculation are there in the soil to stay.
 “Both the fi ndings of experimental stations and the 
experience of practical farmers prove it pays to inoculate 
every planting of soybeans. Here is what one leading 
agricultural college has reported: ‘Even if the soil planted 
to soybeans does contain these bacteria, it is still advisable 
to inoculate the seed at the time of planting... Soybean 
nodule bacteria isolated from the soils of over 100 fi elds in 
Wisconsin on which this crop had been grown showed that 
approximately 50% of the bacterial strains were ineffective, 
25% were fairly ineffective, and only 25% were good, 
effective strains were able to cooperate with the plant 
in a satisfactory manner.’” Address: 3871 N. Booth St., 
Milwaukee, Wisconsin.

1129. Urbana Laboratories (The). 1940. Inoculate soy beans 
with Urbana Culture (Ad). Soybean Digest 1(1):Inside front 
cover. Nov.
• Summary: This ¼-page ad states: “Our superior bacteria 
are developed from fi eld tests.” A photo shows a huge fi eld 
of soybeans in the background. Address: 406 N. Lincoln 
Ave., Urbana, Illinois.

1130. Chen, H.K.; Nicol, H.; Thornton, H.G. 1940. The 
growth of nodule bacteria in the expressed juices from 
legume roots bearing effective and ineffective nodules. 
Proceedings of the Royal Society, Series B, Biological 
Sciences 129(857):475-91. Dec. 31. [11 ref]
• Summary: “Strains of pea and soy-bean nodule bacteria, 
differing in their effectiveness in benefi ting the host legume, 
were grown in media containing the unheated root juices 
from uninoculated host plants and from host plants bearing 
effective and `ineffective’ nodules, and their growth was 
measured.
 “The growth of the different bacterial strains on root 
juice from uninoculated plants was not correlated with their 
effectiveness.
 The juice from roots with effective nodules produced 
signifi cantly better growth of the bacteria than juice from 
roots with ineffective nodules in twenty-seven comparisons 
out of forty-four, the differences in the remaining 
comparisons being insignifi cant.
 “The juice from roots with effective nodules produced 
signifi cantly better growth than the juice from uninoculated 
roots in ten comparisons out of twenty-fi ve, and signifi cantly 
poorer growth in three comparisons.
 “The juice from roots with ineffective nodules produced 
signifi cantly poorer growth than the juice from uninoculated 
plants in eleven comparisons out of twenty-fi ve, and better 
growth in only one comparison.
 “The production, as a result of infection, of soluble 
substances affecting growth of the bacteria, affords an 
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explanation of those differences in nodule growth that 
determine the effectiveness or ineffectiveness of the different 
strains of bacteria as regards nitrogen fi xation within the 
host.
 “Introduction: Different strains of bacteria-producing 
nodules on a given host legume differ greatly in their ability 
to benefi t that host by fi xing nitrogen. Some strains are so 
‘ineffective’ that they produce no appreciable improvement 
in growth of the legume and fi x nitrogen in amounts diffi cult 
to detect.
 “The ineffectiveness of such strains was at fi rst 
attributed to some defect in the process of nitrogen fi xation.
 “The recent study of clover, pea and soy-bean nodules 
made by Thornton and Chen (1940), however, has shown 
that nodules produced by an ineffective strain contain a much 
smaller volume of infected cells fi lled with nodule bacteria 
than do effective nodules, and also that in them, the central 
tissue containing these infected cells disintegrates after a 
relatively very short active life.”
 In short: It was concluded that as a result of infection, 
soluble substances affecting the growth of the bacteria are 
formed within the host tissues; in the case of an effective 
strain these products favour bacterial growth, while in that of 
an ineffective strain they hinder the growth. Address: Dep. of 
Bacteriology, Rothamsted Experimental Station, Harpenden 
[England].

1131. Kerpely, Antal. 1940. Kiserletek ujabb szoja-
ojtoanyagokkal [Experiments with newly developed soybean 
inocula]. Koztelek (Common Ground) 50:456-59. [2 ref. 
Hun]*
Address: Hungary.

1132. Guatemala. Dirección General de Agricultura. 1940. 
Las habas soya [Soybeans]. Secretaria de Agricultura. 20 p. 
19 cm. [Spa]
• Summary: Contents: Introduction. Climatological 
conditions. Soil. Fertilizers. Inoculation. Preparation of the 
soil. Time of seeding. Depth of planting seeds. Method of 
seeding. Density of seeding. Tillage. Varieties. Cultivation 
of soybeans in rotation. Soya in mixed cultures: With corn, 
with garbanzos, with sorghum (zahina), with Sudan grass. 
Uses of soya. Soybean hay. Soybean pasture (Pastaderos de 
soya). Soya for ensilage. Soya as green forage. Value of soya 
for improving the soil. Production of soybean seeds: Harvest 
and threshing of the grain, the food value of soybean seeds, 
soybean seeds for human nutrition, soy oil and fl our, the 
straw or grain chaff. Enemies of the soybean.
 This document tells quite a bit about the rise of soybeans 
in the United States, but does not say when the soybean was 
introduced to Guatemala. Address: Guatemala.

1133. Wilson, Perry William. 1940. The biochemistry of 
symbiotic nitrogen fi xation. Madison, Wisconsin: The 

University of Wisconsin Press. xiv + 302 p. Illust. Index. 24 
cm. [708+* ref]
• Summary:  An outstanding, comprehensive book. An early 
classic. Soy is mentioned on about 98 pages in this book.
 Contents: I. The Nitrogen Economy of Man and Nature: 
The Problem. Immobilization of Soil Nitrogen. Restoration 
of Immobilized Nitrogen. Losses of Nitrogen. Gains of 
Nitrogen.
 II. Leguminous Plants in Agricultural History: 
Agriculture in Ancient Greece and Rome. The Medieval 
Period of Agriculture. The Beginnings of Agricultural 
Science. The First Controversy: Nitrogen Fixation by Plants. 
Origin of Modern Controversies.
 III. The Biochemistry of the Bacteria: General Survey of 
the Root Nodule Bacteria. Special Nutritive Requirements. 
Infl uence of Physical-Chemical Characteristics of Medium. 
The Vitamin B Complex. The Bios Complex. Nitrogen 
Metabolism of the Root Nodule Bacteria. The Carbon 
Metabolism of the Bacteria. Growth and Respiration. 
Respiratory Enzymes.
 IV. The Interaction of Host and Bacteria: Production of 
the Nodule. Biological Factors Infl uencing Fixation. Strain 
Variation. Host Plant Specifi city. Bacteriophage. Rate of 
Fixation. Symbiosis and Accessory Growth Substances.
 V. Fixation of Nitrogen by Bacteria and Plant: The 
Bacteria as the Agent of Fixation. Olaru’s Experiment. 
Golding’s Experiments. Use of Accessory Growth 
Substances. The Plant as the Agent of Fixation. Fixation by 
Germinating Seeds. Applicability of the Kjeldahl Method to 
Biological Nitrogen Fixation Studies. An Absolute Method. 
Fixation through Association of Plant and Bacteria. Fixation 
by Nodulated Leguminous Plants. Fixation by Excised 
Nodules.
 VI. The Carbohydrate-Nitrogen Relationship in 
Symbiotic Nitrogen Fixation: Experimental Bases for the 
Theory. Effect of Combined Nitrogen. Effect of Carbon 
Dioxide. Addition of Carbohydrate. Light Intensity. 
Statement of the Hypothesis. Test of the Hypothesis. 
Mechanism of Control.
 VII. Excretion of Nitrogenous Compounds by Legumes: 
Explanations of the Practice of Mixed Cropping. Early 
Investigations on Excretion of Nitrogen by Legumes. Recent 
Studies on the Excretion of Nitrogen. The Joint Experiments 
at Helsinki. Factors Controlling Excretion.
 VIII. The Chemical Mechanism of the Fixation 
Process: Nitrogen Metabolism of Green Plants. The 
Ammonia Hypothesis. Occurrence of Ammonia in 
the Nodule. Ammonia as an Intermediate in Nitrogen 
Fixation by Azotobacter. The Hydroxylamine Hypothesis. 
Hydroxylamine and Related Products in Symbiotic Nitrogen 
Fixation. Hydroxylamine as an Intermediate in Nitrogen 
Fixation by Azotobacter. The Organic Nitrogen Hypothesis. 
Comparative Metabolism Studies. Examination of the 
Hypotheses.
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 IX. Physical-Chemical Characteristics of the Enzyme 
System: Physical-Chemical Studies of Nitrogen Fixation 
by Azotobacter. The Symbiotic Nitrogen Fixation System. 
The pN2 Function. Hydrogen as a Specifi c Inhibitor. The 
pO2 Function. pH and Minerals. Energetics of Symbiotic 
Nitrogen Fixation.
 X. Some Practical Applications: Associated Growth 
of Legumes and Non-legumes. Corn and Soybeans. Other 
Forage Mixtures. Pasture Mixtures. Other Aspects of Mixed 
Cropping. Combined Nitrogen and Leguminous Plants. 
Combined Nitrogen in Mixed Cropping-Free vs. Combined 
Nitrogen for Nutrition of Legumes. Artifi cial Inoculation of 
Leguminous Crops. Carbon Dioxide Fertilization. Minerals 
and Symbiotic Nitrogen Fixation. Soil Gases.
 XI. Concluding Observations.
 List of Plates: The book contains 34 plates (each on 
glossy paper, on unnumbered pages), 27 fi gures (illustrations, 
charts, etc.), and more than 22 tables.
 One feature of the extensive bibliography (708+ entries) 
is that with each entry, the page(s) in the book where that 
entry is cited are given. This enables the reader to understand 
what the author said about a particular article or book.
 This book is dedicated “To Edwin Broun Fred who 
for a quarter of a century has provided the inspiration and 
leadership for the research at this station. No work on 
biological nitrogen fi xation from the University of Wisconsin 
would be complete that did not acknowledge his many 
contributions. His fi rst studies in the fi eld were begun in 
1907 while he was still an undergraduate at the Virginia 
Polytechnic Institute. These were continued through his 
doctorate, taken at the University of Gottingen, and formed 
the basis of his fi rst investigations after he joined the faculty 
of the University of Wisconsin in 1913. The research he 
has done since that time, and the service he has rendered in 
training others, are too well known to require elaboration 
here. It is with deep satisfaction that acknowledgment is 
made of the aid and counsel he has given at every stage 
of the work. His unfailing interest has stimulated both the 
research and the writing of this volume.”
 Although soy is not listed in the index, the word appears 
on the following pages: p. xiii, p. 43 (mentioned twice; 
questions the value of cross-inoculation groups), p. 44 
(mentioned twice), p. 46, p. 47, p. 48 (mentioned 3 times; 
table comparing the chemical composition of cells and gum 
of root nodule species), p. 59 (use of amino acids by the 
rhizobia bacteria), p. 60, p. 62 (mentioned twice; carbon 
metabolism of the root nodule bacteria), p. 67 (mentioned 3 
times; the biochemistry of the bacteria), 68 (in both parts of 
Tables 6; Rate of respiration of various tissues–for soybean 
tops, roots, whole nodules, sliced nodules, crushed nodules, 
homogenized nodules, 4-day hypocotyls; percentage 
of respiration of total plant–soybean: tops 27.8%, roots 
65.8%, nodules 6.4%), p. 69 (mentioned twice; all species 
of root nodule bacteria require at least some oxygen for 

growth), p. 70 (in table; soybean culture 505), p. 73 (the 
interaction of host and bacteria; production of the nodule), 
p. 79, p. 83, p. 88-89 (Table 7: Comparison of uptake of 
free and ammonium nitrate nitrogen by soybean, based 
on “greenhouse experiments with soybeans made at the 
Wisconsin station”), p. 106 (“soybean” on top line), p. 110 
(Whiting, 1915, fi nds that the nodules are the seat of nitrogen 
fi xation), p. 119 (mentioned twice; Giöbel 1926), p. 120-122 
(Table 12, with data from Giöbel 1926; Table 13 with two 
graphs showing “The effect of nitrate on reducing sugar in 
the sap of soybean plants; one is after 4½ weeks and the 
other after 5½ weeks), p. 126, facing p. 127 (Plate 14: two 
glossy photos showing “Effect of shading on growth of, 
and nitrogen fi xation by, soybean plants grown in sunlight 
of high intensity” {Orcutt & Fred 1935}), p. 131 (Rüffer, 
1932). p. 136 (mentioned three times; Reid 1936, Orcutt & 
Fred 1935), p. 138, p. 154 (Wilson & Wyss, 1937), p. 179-
81 (Orcutt 1937), p. 182-183 (Umbreit & Burris, 1938), 
p. 186, (“soybean nodules contain little true arginine”), p. 
209, p. 211, p. 213 (mentioned twice), p. 215, p. 216, p. 225 
(“Corn and soybeans”), p. 226 (mentioned 4 times’ Table 21: 
“Field results of associated growth of corn and soybeans”), 
p. 227 (mentioned 3 times), p. 228 (mentioned 4 times), 229 
(mentioned twice), 244 (mentioned twice), p. 253, p. 261 on 
(References); p. 262, p. 264, p. 267, p. 269-272, p. 274, p. 
276, p. 278, p. 281, p. 284-285, p. 286 (mentioned twice), p. 
291, p. 296, and p. 299.
 A review in 1940 by C.A. Shull stated: “The book is 
well written, and is worthy of careful reading by anyone 
who wishes a comprehensive summary of the entire fi eld of 
nitrogen fi xation by bacteria and legumes. The 32 pages of 
literature citations will be useful in obtaining more complete 
treatment of particular phases. There are 34 full-page 
plates and 27 text fi gures. A short subject index adds to the 
usefulness of this valuable treatise.” Address: Assoc. Prof., 
Agricultural Bacteriology, Univ. of Wisconsin.

1134. Comptoir Agricole de Centre. 1940? Additif 1940 
[Supplement of 1940 (Leafl et)]. Chareauroux (Indre), France. 
2 p. Front and back. Undated. [Fre]
• Summary: This organization sells various legumes and 
inoculants (Nitrobactérine Française P.C.). To these it now 
adds soybean seeds, soybean fl our, dry soybeans, and Soja 
vert de Chéron–which is recommended as a green vegetable 
or dry legume, even in and around Paris. Describes how to 
inoculate legumes and the economic advantage of doing 
so. Offers two books for sale: (1) Le Soja: Son Histoire, sa 
Culture, ses Applications Industrielles et Alimentaires, by 
E.P. Chéron. (2) Les Cultures Bactériennes et l’Agriculture 
Française, by E.P. Chéron. Address: 35, Rue Ledru-Rollin, 
Chareauroux (Indre), France.

1135. Balzli, Jean. 1941. Le soja: La plante aux cent 
richesses [The soybean: The plant of a hundred riches]. 
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Toulouse, France: Editions “Le Soc.” 134 p. Jan. 9. 25 cm. 
[10 ref. Fre]
• Summary: Contents: Introduction. Dedication. Keynote. 
Preamble. By way of introduction. To the memory of Léon 
Rouest. The soybean around the world. A little physiocracy 
[on the value of agriculture]. A peace-making plant. Marital 
status and soybean reporting. The cultivation of soybeans. 
Varieties from which to choose. Preparation of the soil. 
Fertilizers and manure. Nitragin fi xation / inoculation 
and planting. Harvesting: Green forage and hay, seed 
and straw. Threshing. Homecoming and storage of the 
seeds. Transplanting. Mixed cropping and crop rotation. 
Assimilation effect (according to S. Strakosch). Diseases 
and enemies of the soybean. Condensed sunlight: chemical 
composition of the soybean. Conclusions: Routine or 
renewal? The soybean and our table, by my cousin Annette. 
Soy sprouts and recipes. Utilization of the seeds (incl. 
vegetarian ragout). One soy recipe for each of the 12 months 
of the year.
 Pages 30-31 are titled “To the memory of Leon Rouest.” 
Nobody prepared better the arrival of soya in France than 
Léon Rouest (1872-1938), a promoter and martyr to whom 
I shall apply Louis Pasteur’s famous quote: “I suffer of the 
scorn that France has for the great works of the mind.”
 Since the end of the previous war [World War I], 
Léon Rouest never stopped experiencing the need for an 
agricultural and economic renewal in France. Soya attracted 
his attention. He devoted himself completely to the study 
of this plant from which other countries already had drawn 
great advantages.
 As early as in 1907, Léon Rouest had undertaken, 
with success, selections of soya plants. He started again, 
with zeal, such selections in 1918. By 1925, he was able to 
declare himself satisfi ed.
 The results he achieved prove that, better than anyone 
else, this patient and learned selector was qualifi ed to 
defi nitely acclimate soya in metropolitan France. He 
bestowed upon us forty two beautiful varieties, named 
Rouest, as they should be. Mr. Henry de Guerpel, Mayor of 
Percy-en-Auge (Calvados), deceased since then, collaborated 
on the work of these selections. Around his manor at 
Planville, near Mezidou (Calvados), he developed and 
perfected, for fi ve years, the cultivation of the best varieties. 
Léon Rouest’s trials took place in various areas of France. 
These two promoters published, together, in 1936, a beautiful 
book titled: The French soybean: its agricultural and 
industrial applications [Le soja français et ses applications 
agricoles et industrielles].
 Nobody is a prophet in his own Mother land. Léon 
Rouest experienced this sad truth. Instead of being 
encouraged, he was mocked, fought and defamed. Pushed to 
the end of his resources, he found himself forced to accept 
the offer extended to him by the Soviet Russia to direct Soya 
cultivation trials in the Caucasus. From 1930 to 1935 he was 

the Director of the Soya Laboratory in the North Caucasus. 
He returned to France disillusioned and full of bitterness. 
The USSR could not put to good use the teachings that Léon 
Rouest bestowed upon it. It only achieved mediocre results 
This partial failure was due to the carelessness and ignorance 
of the Russian peasants (muzhiks / moujiks); to the general 
method applied, far too ideological and not suffi ciently 
conciliatory with the demands and the risks inherent to 
agriculture; to the modes of cultivation poorly selected 
because they were stupidly mechanical in nature.
 After such worthy efforts, Léon Rouest died in total 
deprivation. He faced the bitter fate and the discouragement 
that many French scholars experienced before him. But with 
the benefi t of time, he will appear in the history of French 
agriculture as he truly was: one of the best of the most 
dedicated champions of a cause [paladins] in France: one of 
those who, through his foresight, was worthy of others like 
him [de leurs congénèrs].
 Letter (e-mail) from Hervé Berbille of France. 2011 
March 9. Hervé is a great admirer of Léon Rouest and has 
studied his life and work. He writes that Léon Rouest’s soy 
project failed because of the hostility toward it from the 
colonial peanut lobby of Bordeaux and the colonial coconut 
lobby of Marseilles / Marseille. These two cities were (and 
still are) two of the largest ports in France. At the time 
Rouest was researching soybeans, all of France’s peanuts 
were imported. For a long time, peanut oil was the main 
edible oil used in France; peanuts were cultivated mostly in 
Sénégal even after that colony became independent. This 
situation had terrible consequences during the German 
occupation of World War II. The sea routes by which peanuts 
had been imported were been cut by the Allies and France 
suddenly discovered its dramatic dependence on this raw 
material and, more generally, on edible oils (corps gras). 
Remarkably, Rouest realized and discussed this dependence 
at a very early date, but nobody paid any attention to his 
warning. Address: Docteur, Nutritionist, Toulouse, France.

1136. Chouard, Pierre; Vergnaud, H. ed. 1941. Sur les 
prochaines cultures de Soja [Cultivation of soya in the near 
future]. Revue Horticole; Journal d’Horticulture Pratique 
(Paris) 113(2077):320-25. Jan. 16. [2 ref. Fre]
• Summary: This article contains three parts: (1) Introduction 
by Mr. Chouard. (2) Extracts of a note from Mr. Henri 
Vergnaud, secretary general of the Institut Agricole et 
Industriel du Soja: Defi nition of soybeans, temperature and 
actinometry (measurement of the sun’s radiation), soils, 
preparation of the soil, spreading dung on the land and 
soil amendments, inoculation, time of planting, method of 
planting, quantity of seeds per hectare, depth of seeding, 
varieties, care and maintenance, place in the rotation, fi ve 
causes for lack of success in soybean cultivation.
 (3) Extracts from a note from the Ministry of Agriculture 
concerning a note issued by the National Soya Center 
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(Centre National du Soja, 8 Cours de Gourgue, Bordeaux). 
It discusses: Place in the rotation, manure/fertilizer and soil 
amendments, nitrogen-fi xing bacteria, planting, enemies of 
soybeans, threshing and storage.
 Organizations now promoting the cultivation of 
soybeans in France are: Centre National du Soja (8, cours 
de Gourgue, Bordeaux), Institut National du Soja (5, rue 
de Logelbach, Paris, 17e), Institut Agricole et Industriel du 
Soja (formerly Institut International du Soja; 13, rue des 
Saussaies, Paris 8e). Address: Secretaire General, Institut 
Agricole et Industriel du Soja (formerly Institut International 
du Soja), 13 rue des Saussaies, Paris (8e).

1137. P.C. 1941. Le soja comme facteur de fertilité [The 
soybean as a factor in soil fertility (Abstract)]. Revue 
Horticole: Journal d’Horticulture Pratique (Paris) 
113(2074):195-97. Jan. 16. [1 ref. Fre]
• Summary: Contents: Agricultural interest in soya in the 
USA. Mechanical effects on the soil. Fixation of nitrogen 
in the soil. Mineral needs of soybeans. Effects of soybean 
culture on the microfl ora in the soil. The place of the soybean 
in crop rotations. Conclusions.
 Most of the information in this article is a French-
language summary of the following English-language 
article: Sears, O.H. 1939. “Soybeans: Their effect on soil 
productivity.” Illinois Agric. Exp. Station, Bulletin No. 456. 
p. 545-71. June.

1138. Agricultural Laboratories, Inc. 1941. “10 in 1” soybean 
inoculant: A 50 bu. size containing ten inner 5 bu. size 
printed packages (Ad). Soybean Digest. Jan. Inside back 
cover.
• Summary: Illustrations show two boxed products: Legume-
Aid inoculant, and McQueen’s Legume Bacteria. A photo 
shows a man standing in a fi eld of soybeans holding up a 
bunch of plants in each hand; one in much larger than the 
other. The caption reads: “Shows strong difference between 
uninoculated and inoculated Soybeans. Agri. Lab. Inc. 
inoculants were used.” The legume bacteria are hermetically 
sealed in Pliofi lm inner bags. Address: 3415 Milton Ave., 
Columbus, Ohio.

1139. Nitragin Company, Inc. (The). 1941. How to make 
money with soy beans (Ad). Soybean Digest. Feb. p. 10.
• Summary: A half-page vertical ad. Photos show: (1) A man 
standing in a fi eld of soybeans holding up a bunch of plants 
in each hand. Above the larger bunch is a caption: Inoculated 
with Nitragin. The other caption reads: Not inoculated. (2) 
Soybean roots covered with nodules (round photo). “Nitragin 
is the oldest, most widely used inoculant...built up by years 
of strain selection and testing, used by farmers for over 40 
years. It’s the original tested, branded and dated inoculant. 
Nitragin is sold by leading seed dealers everywhere... now, at 
lowest prices.”

 “Send for valuable book free!!” Titled “Plant Legumes 
to Prosper,” it “contains valuable information on soybeans, 
alfalfa, clovers. Write today. Ask also for soybean bulletin.” 
Address: 3773 N. Booth St., Milwaukee, Wisconsin.

1140. Pornin, Pierre. 1941. Le marché allemand du soja [The 
German soybean market]. Revue Internationale du Soja 
1(1):27-29. Feb. Also in Revue Internationale des Produits 
Coloniaux, No. 14. Feb. 1939. [Fre]
• Summary: Soybeans were only introduced in Europe 
around 30 years ago. In 1908, a Japanese company sent its 
London-based correspondent a test shipment of a few tons of 
soybeans (fèves de soja). A 5,200-ton order was then placed. 
The merchandise had garnered interest. In December 1909, 
sales in Europe reached 300,000 tons, for a total of 2 million 
pounds.
 It was in 1910 that Germany really began importing 
soybeans (graines de soja). Up until this time, these oilseeds 
were subject to a customs duty of 20 or 40 marks per ton, 
depending on whether or not the soybeans were imported 
from a country that had concluded a trade treaty with 
Germany. Since soybeans were primarily used to extract oil, 
the German Federation of Oil Mills (Fédération des Moulins 
à Huile Allemande) asked the Reichstag for an exemption 
from entry taxes. This request was granted, and the infl ux of 
soybeans into Germany increased. In December 1910, the 
fi rst freight of soybeans to benefi t from the lack of customs 
duty was brought to Hamburg on a Swedish steamship, with 
a total of 4,600 tons. Large shipments quickly followed. 
The fi rst, largest soybean seed shipper was Mandschurische 
Export Comp. G.m.b.H., with its headquarters in Hamburg. 
Another large company that dealt in these goods was Henry 
P. Newmann & Co. from Hamburg. But in reality, these two 
companies were simply branch offi ces of parent companies 
that were established in other countries. It was Thörl’s 
Vereinigte Oelfabriken from Hamburg that can be considered 
the fi rst German factory to work with soybeans.
 Before the war, these beans from Manchuria were 
exported almost equally via Vladivostok and Dalian. 
Vladivostok is about one-third closer than Dalian to the place 
where soybeans are assembled, which makes transport to 
Vladivostok signifi cantly less expensive. Vladivostok is also 
a more protected port, and is accessible to all types of ships. 
For these reasons, it was preferred for exporting to Japan and 
Europe, while Dalian shipped primarily to China.
 After the war, Germany became more specialized in 
working with soybeans, and its imports increased more 
or less steadily until around 1932-1933, a time when they 
reached almost 1,200,000 tons annually. First and foremost, 
these soybeans provided Germany with oils and fats. The 
press cakes were used as livestock feed. Perfectly equipped 
factories, in particular Hansa-Mühle (which could process 
up to 1,200 tons of soybeans per day) and Thörl’s Vereinigte 
Oelfabriken A.G., pressed soybeans, extracting and refi ning 
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their oil. A signifi cant portion of this oil was exported to 
numerous European countries, and even to French Morocco 
and Tunisia. Annual exports surpassed 30,000 tons in 1932 
and 1933. It is true that Germany also imported soy oil (huile 
de soja), particularly by way of the Hamburg-America Line, 
but the quantities never surpassed ten thousand tons per year.
 During recent years, Germany has markedly reduced its 
soybean imports, which only reached 515,000 tons in 1935, 
485,000 tons in 1936, 600,000 tons in 1937 and 705,000 
tons from January to November in 1938. Germany’s soy oil 
imports have mostly held steady, but exports, on the other 
hand, have almost stopped altogether. Of course, the Far East 
remains the main soybean supplier for Germany. In 1935, 
out of the 515,000 tons imported, 494,000 tons came from 
the Far East. For several years, the Balkans have provided 
an increasingly large portion of Germany’s supplies, but this 
amount has not surpassed 70,000 tons per year.
 The average purchase price for a ton of soybeans was 
set at 94 reichsmarks in 1933, 93 reichsmarks in 1937 
and 99 reichsmarks in 1938. This price has therefore held 
remarkably stable for several years.
 Germany’s main port of entry for soybeans is Hamburg, 
where, for example, from August 1937 to May 1938, no 
fewer than 378,000 tons were unloaded, of which 357,000 
tons came from Dalian and Korean ports. As a percentage, 
Hamburg receives more than 60% of German imports.
 Germany never had an actual market for soybeans. 
An autonomous body of importers never existed: shippers’ 
representatives would sell their merchandise directly to oil 
mills through brokers or other intermediaries.
 This situation has changed, in that for several years now, 
the government has exercised its policy of economic control 
and fi xed soybean prices, along with the operational profi ts 
that the mills are authorized to receive.
 Even brief studies on soybeans in Germany would be 
gravely lacking if they did not cover the work that has been 
carried out in the Balkans to introduce soybean cultivation in 
these regions, in a way that created powerful economic ties.
 The large chemical products group, I.G. Farbenindustrie, 
took the initiative to address the problem around 1932. 
Facing fi nancial diffi culties due to the collapse of the Vienna-
based banking establishment Osterreichische Kreditanstalt 
in 1931, I.G. Farbenindustrie was seeking a way to access 
its assets that were frozen in the Balkans, which amounted 
to no less than 600 million lei [a unit of Romanian currency] 
in Romania alone. The group decided to introduce soybean 
cultivation to the region, as Germany was a signifi cant 
importer. First, it was important to select the species that 
were best suited to Balkan soil, and to procure certain 
bacteria that play an important role in cultivating soybeans.
 In 1934, I.G. Farbenindustrie was able to bring 
42,000 tons of seeds to Romania, along with the necessary 
inoculation bacteria. In 1936, it decided to create the public 
Romanian company Soja S.A.R. This company has an 

extremely broad fi eld of activities. It provides farmers with 
seed and bacteria, and gives them advance payment as 
necessary; it provides them with technical instruction; in 
some districts of northern Bessarabia [in today’s Moldova 
and Ukraine], along the Moldova River and in Bucovina [in 
today’s Romania and Ukraine], it created an organization 
that has ramifi cations in every village. Finally, it guarantees 
farmers a fi rm price, which is currently 5 lei per kilo, from 
the nearest railway station.
 At the beginning of December 1938, Soja S.A.R. held 
an extraordinary meeting during which it decided to increase 
its capital stock from 3 to 50 million lei. This increase in 
capital refl ects the considerable growth soybean cultivation 
has made in Romania over four years. It appears that the 
company’s balance sheet total, which reached a total of 
approximately 600,000 lei in 1937, will reportedly be around 
1 billion in 1938.
 The efforts of I.G. Farbenindustrie have thus proved 
successful. There were more than 100,000 hectares of sown 
areas in 1937, but they were reduced to around 65,000 in 
1938, since the company did not renew the contracts of 
the more irresponsible farmers. In all likelihood, however, 
soybean cultivation will continue to develop in Romania 
over the coming years.
 Production per hectare in Romania is around 1,500 kilos 
for average harvests, but it can be higher, and exceptional 
harvests have yielded up to 2,500, or even 3,000 kilos.
 Almost all Romanian soybeans go to Germany (11,297 
tons in 1936, 43,489 tons in 1937, and around 50,000 tons 
in 1938). The soybeans are imported into Germany by 
Deutsche Ölsaat-Verwertungs- G.m.b.H., a subsidiary of I.G. 
Farbenindustrie.
 Germany is also trying to encourage Bulgaria and 
Yugoslavia to grow soybeans, but the results so far are not 
yet on par with those from Romania.
 Finally, attempts have long been made to introduce 
soybeans within Germany itself. Tests in Bonn-Poppelsdorf, 
Hamburg-Wohldorf, Giessen, Delitzsch, and other areas, 
have led to the selection of species [sic, varieties] that–even 
in the German climate–ripen and produce a good yield. To 
encourage these efforts, the Reichsnährstand (corporative 
food organization) guaranteed producers a fi rm price of 32 
reichsmarks. That price is at least three times higher than 
global soybean prices.
 Note: Translated by Elise Kruidenier, Seattle, 
Washington.

1141. R.C. 1941. L’azote dans la culture du soja [Nitrogen in 
soybean culture]. Revue Internationale du Soja 1(1):30-32. 
Feb. [Fre]
• Summary: This article is identical to one with the same 
author and title published in Feb. 1939. Address: France.

1142. Roux, Charles. 1941. Le soja [The soybean]. Revue 
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Internationale du Soja 1(1):4-20. Feb. [Fre]
• Summary: An introduction and overview. Contents: 
Introduction: Varieties, composition. Soybean cultivation. 
Feed, food, and industrial uses of soybeans.
 The author has recently discovered a way of making 
petroleum from soybeans (p. 18). Address: Directeur General 
de l’Association Technique Africaine.

1143. Beeson, Keller E. 1941. Soybean production: The 
university viewpoint. National Farm Chemurgic Council, 
Chemurgic Paper No. 83. 3 p. March 28.
• Summary: Presented “at the Seventh Annual Chemurgic 
Conference, Chicago, Illinois, March 28, 1941
 “Interest in the soybean in the corn belt of the United 
States previous to 1915 was chiefl y one of curiosity. During 
the next decade it found a place as a valuable source of 
roughage and home grown protein. Following 1927 came 
a rapid expansion of acreage for commercial processing 
purposes, and the acceptance of soybeans as a cash crop in 
many grain farming areas. For a part at least of the present 
decade the fertility effect of the crop is being critically 
examined.
 “Discussions on the soil building and depleting power 
of soybeans have indicated such wide variations in opinions 
and conclusions that the layman must be somewhat puzzled 
as to their true merit as soil builders. The broad statement 
that soybeans are soil builders immediately prompts some 
qualifi cations by the agronomist, and the practical farmer 
may or may not realize benefi cial soil building effects from 
this legume.
 “Like any other legume, the gathering of nitrogen from 
the air is dependent on thorough nodulation of the roots. 
Recent tests conducted by the Purdue University Agricultural 
Experiment Station have shown that even on a soil not 
supplied with the proper nodule bacteria, but fertile enough 
to produce an average yield of 27.5 bushels per acre, artifi cial 
inoculation of the seed has produced an average increase of 
5.4 bushels per acre in 3 years tests. Increase in yield refl ects 
increased soil building power, for approximately four pounds 
of nitrogen are required to produce one bushel of soybeans. 
According to this evidence, at least 20 pounds of nitrogen 
were brought from the air, and other experimental evidence 
shows that as much as two-thirds of the nitrogen in a legume 
crop may be taken from the air with thorough inoculation. 
Not only does this nitrogen contribute to the yielding ability, 
but also to higher protein content of both plant and grain, 
and to less removal of nitrogen from the soil. Whether an 
acre of soil gains in nitrogen or loses as the result of soybean 
production depends on the use that is made of the crop.
 “Unlike most other legumes, the highly effi cient 
soybean plant makes most of its growth above ground 
and has a comparatively small and shallow root system. 
Consequently, more nitrogen is removed in the hay crop than 
is procured from the air. The return of manure or of residue 

from combined soybeans, changes the fertility balance and 
may result in an increase of 25 pounds of nitrogen per acre. 
Maximum fertility effects result only in case the entire crop 
is turned under and then the nitrogen content of the organic 
matter compares favorably with the total amount in any 
legume crop. One hundred or more pounds per. acre may be 
expected from a reasonably heavy growth which equals the 
amount needed for a 65 bushel corn crop and twice as much 
as for a 30 bushel wheat crop. The excess supply of nitrogen 
above the requirements of wheat and other small grains is 
responsible for the lodging that frequently occurs in small 
grains following a green manure crop of soybeans.
 “Much is heard about the heavy mineral removal by 
the soybean crop. The plant gives much evidence of its 
hardy feeding qualities on its ability to grow in thin soils, 
and to withstand adverse weather and fertility conditions. 
Doubtless this ability has led to the erroneous impression 
that it removes much more than other crops. The phosphoric 
acid requirements of a 60 bushel corn crop and a 25 bushel 
soybean crop are practically the same. The small grain 
requirements for similar production levels are about three-
fourths as great. Potash requirements of the above corn crop 
is 89 pounds while the soybean crop requires 48 pounds, 
and wheat is the only one of the commonly produced farm 
crops that falls appreciably short of soybeans in its potash 
requirements. When compared on a basis of the mineral 
content per bushel, soybeans show much more phosphorus 
and potash removal than a bushel of corn or small grain. 
On an acre basis which is more logical, requirements of the 
commonly grown legume hay crops, and of corn and its 
stover are greater than the soybean crop.
 “Fertility effects, however, are more accurately 
determined through fi eld use of the crop than by calculations 
of plant food additions or removal. For practically a quarter 
of a century such fi eld studies have been carried on at 
Purdue and other corn belt Experiment Stations. Standard 
rotations without soybeans have been expanded to include 
them. The popular corn, wheat, clover rotation, highly 
regarded for its fertility effect has been expanded to include 
soybeans between corn and wheat. The corn, corn, wheat 
clover rotation has been similarly changed. Crops in all 
four rotations grown side by side at the Purdue University 
Agricultural Experiment Station have shown the following 
yields during the last ten years of this 25 year period.”
 A table shows four different rotations and the yields of 
corn, soybeans, wheat, and clover with each.
 “In all of the above rotations, manure equivalent to the 
produce harvested, except the wheat grain, has been applied 
and all corn crops have received 100 pounds per acre of 
0-12-12 in the hill and all wheat crops have received 200 
pounds of 2-12-6 fertilizer.
 “It is evident at once that the fertility level as indicated 
by acre yields of crops is no lower in the soybean rotations 
than in the rotations omitting soybeans. Yields of corn 
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are slightly higher as a result of the inclusion of a second 
legume, soybeans, in the rotation, and wheat yields have 
been materially benefi ted. It appears that the organic 
nitrogen in the soybean residue is particularly benefi cial to 
small grains, and is made available in mid-spring when soil 
nitrogen supplies are often inadequate for the needs of the 
small grain.
 “At least three factors are necessary to obtain this 
benefi cial effect on succeeding small grain yields. First, the 
inoculation must be good. Second, soybean stubble fi elds on 
most soils should be disked or worked very lightly. Thorough 
disking over loosens a soil already loose enough for wheat, 
and results in an unfavorable seed bed. Third, wheat 
following soybeans must be just as well fertilized as wheat 
following corn. This supply of readily available plant food 
is especially important for the wheat in this position in the 
rotation, because the soybean being a shallow rooted crop, 
has drawn heavily on the available nutrients in the surface 
soil.
 “In case corn follows soybeans, it is equally important 
that corn be liberally fertilized or manured unless the soil 
is already very fertile. Lack of an abundant supply of soil 
nitrogen or potash is likely to result in unfavorable yields of 
corn following the actively feeding soybean crop. Bacterial 
life of the soil is likely to be benefi ted, however, by the 
growth of the soybean.
 “Residues following the combined soybean crop may be 
heavy and may offer diffi culties in drilling wheat. Burning 
of these residues results in loss of nitrogen and humus. 
Production values of this residue in studies carried on at 
Purdue University show that it is worth four dollars per acre 
in effect on ensuing crops.
 “Erosive effects of soybeans on the soil are usually 
mentioned as an objectionable feature, yet erosion is not 
reported to be as great following soybeans as after corn. In 
addition, except on nitrogen rich prairie or river bottom soils, 
it is the common practice to follow soybeans with wheat or 
other winter cover crops on very rolling soil. This cover is 
particularly important.” Address: Purdue Univ., Lafayette, 
Indiana.

1144. Edmondson, J.B. 1941. Soybean production–grower’s 
viewpoint. National Farm Chemurgic Council, Chemurgic 
Paper No. 103. 3 p. March 28.
• Summary: Presented “at the Seventh Annual Chemurgic 
Conference, Chicago, Illinois, March 28, 1941.
 “It is a pleasant opportunity for me to appear on this 
program as a producer of soybeans, as a soybean roots 
farmer, so to speak. I always feel quite at home whenever 
I can fi nd some one who will listen to a discussion of this 
favored subject. So I suggest that you take a farm walk with 
me down through the soybean fi eld, see what’s going on 
there, imagine you hear a meadow lark or two, and catch a 
breath of refreshing country air.

 “I like to grow soybeans! There is a peculiar fascination 
about them that I have never quite gotten over. To me, the 
farm affords no more inspiring sight than the vision of a fi ne 
fi eld of soybeans, waist high, shimmering like a beautiful 
dark green lake in the drowsy air of an August afternoon. 
More than once, during periods of drought, have I turned 
away from a heat-stricken fi eld of corn to be heartened with 
a renewed faith by the glimpse of a healthy, luxuriant growth 
of soybeans in the adjoining fi eld.
 “I have grown soybeans on the same farm for twenty-
seven years. During that time, I have probably come to 
bat with about all the problems that the average soybean 
grower has to face. Out of this experience, I feel qualifi ed to 
suggest at least three sure ways by which a farmer may lose 
his soybean crop. In fact, I am convinced that most of the 
failures come from one or more of these causes, or perhaps a 
combination of all three.
 “First I would mention, is a poor stand of beans. A 
goodly per cent of all failures can be credited to this point. 
Let’s get down to the causes of unsatisfactory stands.
 “The germination of soybean seed has been particularly 
bad of late years, due doubtless to weather and other 
unfavorable conditions. Many thin stands have resulted 
from the failure to know the germination of the seed and to 
increase accordingly the rate of seeding to offset the weak 
and dead beans. No soybeans should ever be planted without 
a positive knowledge of their growing qualities.
 “In this connection, it is quite important that soybean 
ground be plowed early. Time was at home, when we tried 
to get all our corn planting out of the way before starting in 
on the soybean ground, but we have changed that practice. 
We soon learned that the hazards of hard ground, clods, and 
insuffi cient moisture to sprout the beans were too great, and 
that it was just as important to plow the soybean ground 
early as the corn ground. After the plowing is done, whatever 
operations are necessary to pulverize and level the soil and to 
kill all weeds, should be done without reserve. The disc and 
drag, used liberally, are simple but effective implements to 
do this job.
 “Generally speaking, I prefer row to solid planting, 
particularly if intended for the combine. I have observed 
many times that soybeans will germinate more quickly and 
come up more evenly if planted with a corn planter, beet 
drill or similar implement that controls accurately the depths 
of planting and that packs the soil around the seed with the 
wheel. This method of planting is in contrast to the use of the 
wheat drill where the seed is sown loosely in the soil. This 
difference is particularly noticeable in a dry seed bed.
 “Heavy rainfalls soon after planting which crust or 
puddle the soil is a common cause for worry; for soybean 
seedlings cannot lift themselves through hard or crusted 
ground. When this condition develops, the rotary hoe will do 
the job if the ground is merely crusted; however, if the soil is 
badly run together, the rotary hoe is useless. To meet such an 
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emergency on one occasion, I had to resort to the tractor and 
disc in an effort to help the seedlings through. This method 
was indeed drastic but it was at least effective, for, although 
many of the seedlings lost their heads, those that did escape 
the disc came through on good condition and produced a 
satisfactory crop.
 “I would underscore the following points, then, as 
important in securing a good stand of beans: strong, 
germinable seed, suffi ciently heavy seeding, early plowing, 
carefully prepared seed bed and, lastly, an abiding faith that 
it won’t rain for a few days
 “The second headache for soybean growers is weeds. 
Weed control does not require methods peculiar to the 
soybean crop. Precautions that will outsmart the weeds in the 
corn fi eld will operate just as effectively in the soybean fi eld.
 “Weed seeds in the soil constitute Mother Nature’s shot 
gun mixture, scattered in a hundred ways, to make sure that 
there shall be no vacant spaces. The logical thing to do, then, 
in outwitting the old lady is to provide a thick, even stand 
of soybeans, such as we have just been considering. A poor 
stand invites all sorts of weeds to come in, and they are not 
slow to respond. There is nothing on the farm that looks 
quite so discouraging to me as weedy fi eld of soybeans, 
unless it be an ornery, lousy, runt pig.
 “Planting soybeans too early in the season increases 
greatly the weed hazard. Early planting may have some 
advantages at times, but easy weed control is not one of 
them. The latter half of May is a good time to plant soybeans 
in the latitude of central Indiana, from the standpoint of weed 
control.
 “Early plowing usually allows the top layer of weed 
seed to sprout before planting time. These can then be killed 
with the disc at one master stroke. Later, if a second crop of 
weeds come on they can be knocked out at planting time. 
Such a program would obviously give the soybean plants a 
decided jump on any later crop of weeds that might come on.
 “From the weed standpoint, fi elds of known foul 
tendencies should be planted in rows so that heavy 
cultivation can be administered if needed. Quite often, wet 
weather keeps all cultivating tools out of the soybean fi eld 
for many critical days and the weeds get a beautiful start 
before anything can be done about it. It is then the soybean 
grower thanks his wise foresight for planting the crop in 
rows; for with the tractor and cultivators, he can very quickly 
bring order out of what would soon be chaos. The rotary 
hoe is good for upsetting weeds that have just started, but is 
practically useless where the weeds have become rooted to 
the ground.
 “Summing up, weeds in soybeans can be controlled, 
fi rst, by providing a good stand of soybean; second, by not 
planting too early; third, by killing absolutely dead all weeds 
before planting; and fourth, by planting in rows suitable for 
heavy cultivation.
 “The matter of harvesting is the last hurdle and very 

often the weather is the most diffi cult factor to contend 
with. Little can be done about that, but there are other points 
worthy of consideration. A satisfactory harvest presumes the 
use of adapted varieties, neither too early or too late, and also 
that thorough inoculation was provided for. It is at harvest 
time that one appreciates the advantages of clean cultivation. 
A soybean fi eld, infested with heavy weeds is a diffi cult 
problem for the combine and often harvesting has to be 
delayed until after the frost kills the weeds before combining 
can be done. Such delays are full of grave risk.
 “Before any combining is done, the pods should at all 
times be dry enough to release their seed readily on being 
pressed between the fi nger and thumb. Failure to observe this 
precaution is usually responsible for the heating in the bin 
that sometimes takes place. I have never had beans to heat in 
the bin after harvesting if they were dry enough in the fi eld to 
combine properly.
 “To avoid some of the common harvesting diffi culties 
then, I would give consideration to the following points: 
select the variety of good growing habits that matures well 
ahead of the frost; provide for thorough inoculation of the 
plants and thereby increase both the quality and yield of the 
seed; control the weeds so far as possible, especially the 
heavy kind such as jimson, rag weeds and smart weeds; wait 
until the beans are ready before starting the combine; and, 
lastly, do not be satisfi ed until the best adjustment is made 
on the combine to do a perfect job of threshing.” Address: 
Clayton, Indiana.

1145. Flumerfelt, Walter. 1941. Soybean production: from 
a processor’s standpoint (Continued–Document part II). 
National Farm Chemurgic Council, Chemurgic Paper No. 
88. 4 p. March 28.
• Summary: (Continued): “In the edible fi eld, soybean oil is 
well established, usually maintaining favorable comparison 
with lard and cottonseed. Other speakers have told you about 
soybean oil replacing imported coconut oil in oleomargarine. 
Lecithin, the wonderful phosphatide derivative from crude 
soybean oil, has encountered stormy legal and competitive 
resistance, but is emerging now in its full physiological 
and commercial importance. Every new or improved use 
for soybean products naturally makes increased soybean 
production more sound.
 “In the paint and varnish fi eld, soybean oil will maintain 
a substantial foothold of greater importance to the extent that 
technicians develop methods of blending dryers and other 
oils. We feel this work is being ably handled by those at the 
U.S. Regional Soybean Laboratory at Urbana, Illinois.
 “Now, about soybeans themselves, we encounter a 
serious problem because a few years of unfavorable yields 
with average production below twenty bushels per acre may 
discourage satisfactory crop expansion. The point is that 
we should bend every effort to secure increased yields per 
acre not only by proper cultural methods of seed selection, 
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inoculation and crop care, but also by developing in our 
experimental stations better varieties of soybeans from the 
standpoint of oil and protein as well as increased bushels per 
acre.
 “Produce hybrid soybeans, if you please, and therein 
lies the art of the patient geneticists, several of whom have 
made excellent progress even under severe handicaps of 
shortage of funds and help. It behooves every one of us to 
contact national, state and college authorities that they may 
recognize the great importance of better yielding, hybrid 
soybeans.
 “The test plots at Iowa State College are probably 
characteristic, and we hope that outstanding developments 
will come because we intend to see that those fellows get 
some support, and perhaps Iowa may become as famous for 
soybeans as it is for corn and hogs. By the way, did you ever 
hear the story of why Iowa’s hogs are so world-renowned? 
Mr. Wilbur Marsh, a native Iowan from Waterloo, was 
telling about his state and explained that the hogs of the early 
settlers were not outstanding, having been brought in from 
the east. Study revealed the length of the hogs intestines to 
be about forty feet, so several illustrious farmers started a 
careful program of selective breeding, fi nally developing 
a species of hogs with intestines seventy-fi ve feet long. 
Obviously, increased digestive capacity was the reason for 
Iowa’s bigger and better hogs. One man in the audience 
was a little skeptical and asked Mr. Marsh’s authority for 
his statement, whereupon he replied, ‘Anyone knows that a 
hog’s intestines are now 75 feet long, but I am the only man 
alive today who knows that they were formerly only 40 feet.’
 “May I please put in an extra word in the hope that you 
will attend the Annual Convention of the American Soybean 
Association meeting this next September at Des Moines, 
Iowa. Iowa produces annually 450,000,000 bushels of corn, 
for which it is noted, but I wonder if you know that we 
produce every second of every day in the year: 180 lbs. of 
hogs, 70 lbs. of beef, 8 lbs. of butter, 7 dozen eggs and 7 lbs. 
of poultry. We will welcome you and try to make your visit 
instructive and profi table. Iowa now ranks second in soybean 
production. Sixteen processors now draw their soybeans 
from Iowa, and our problems parallel those of the larger 
eastern mills.
 “I am sure that our industry intends to be a creditable 
unit in the nation’s business, and now that we have lived 
through some of the growing pains, we look with optimism 
toward healthier consumption of soybean oilmeal by the 
farmers themselves, toward better demand and more uses for 
domestic crude soybean oil, and toward increased profi ts to 
soybean growers who will be encouraged by better yields per 
acre from improved hybrid varieties of selected soybeans.
 “Come out and see us sometime!” Address: Soybean 
Processing Co., Waterloo, Iowa.

1146. Strayer, George. 1941. News in the soybean industry. 

National Farm Chemurgic Council, Chemurgic Paper No. 
96. 3 p. March 28.
• Summary: Presented “at the Seventh Annual Chemurgic 
Conference, Chicago, Illinois, March 28, 1941.
 “The reporting of news is the relating in as impartial a 
manner as possible the true facts about events and people. 
Different mediums of news dissemination handle the news 
in different manners, but in each case the ultimate goal is 
the same–that of keeping the reader or the listener or the 
observer informed.
 “The daily papers, the weekly news magazines, the 
Sunday editions, the monthly digests, the movie newsreel, 
and the radio news report have all been developed as a result 
of the desire of people to know what other people are doing 
and thinking. There are general news reports, and there are 
special reports designed to serve specifi c groups.
 “The same news will be treated in different manners 
by different publications, depending upon the readers or 
listeners. Every publication caters to a selected clientele, 
and interprets its news from the standpoint of the interests, 
education, profession and background of its average reader.
 “There are many types of news. One deals with events 
which are in the future; one deals with events which have 
taken place; one deals with interpreting future events in 
the light of past developments; one analyzes important 
happenings and tries to relate them to the average reader. To 
keep up to date on both general and professional news has 
become almost an impossibility in this fast moving world of 
ours.
 “Out of the multitude of publications which are now 
fl ung at us from all sides a few enterprising individuals have 
formulated briefs or abstracts, attempting to further condense 
the important events into such form that the busy person 
may keep up on important things without having to search 
through inconsequential material. They have become known 
as ‘Digests’–the Readers Digest, The Womans Digest,–there 
are others. And now we have in the soybean industry ‘The 
Soybean Digest’.
 “For many years men within the soybean industry have 
talked in terms of a publication for their industry. Processors, 
handlers and growers of the crop have been joined together 
with the men doing the research work, in the American 
Soybean Association. Once a year they have met in national 
conventions, and a volume of proceedings have been issued 
after each such meeting. But, there was no way to keep up on 
day to day and week to week news. ‘The Soybean Digest’ is 
an attempt to bring to processors, to handlers and to growers 
of soybeans the pertinent and important news of their 
industry.
 “It is a new publication. The fi rst issue appeared on 
November 20. There has been a copy each month since 
that time. It started on a small and unpretentious scale. It 
was started with the belief that an industry producing and 
utilizing almost a hundred million bushels of soybeans 
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was no longer in the short-pants stage. It started with the 
recognition that there are unsolved problems in the soybean 
industry.
 “Reception, from the beginning, has been encouraging. 
There are those who would make changes–and those of us 
working on the publication can see many things we would 
like to change. Advertisers have been very cooperative and 
willing to stake their claims with us. We feel they are being 
well repaid. We solicit their continued support–and that of 
other business fi rms who serve this fi eld.
 “Now for a few news items of the industry. No crop 
in American industry has enjoyed such rapid increase in 
production. No one crop has enjoyed such rapid increase in 
utilization. Soybean oil has found ready acceptance in the 
fi eld of edible fats. It is now fi nding acceptance in paints, 
varnishes, inks, etc., but the edible fi eld still uses the major 
portion of the oil.
 “In this country we have built up a system of ‘Little 
Balkan’ states, and each year we have been erecting trade 
barriers which hinder or stop interstate commerce. Margarine 
has been one of the products most frequently taxed. That fact 
was a little concern to the soybean grower fi ve years ago. 
However, with 340 million pounds of soybean oil going into 
margarine and shortenings and other edible products in 1940 
and with 87 million of that going into margarine, the soybean 
grower has something at stake. ‘The Soybean Digest’, as the 
offi cial publication and mouthpiece of the American Soybean 
Association, has taken a determined stand in focusing 
attention on the necessity of allowing our domestic fats and 
oils to seek their own levels of consumption, without tax 
discrimination. There is still much work to be done in that 
fi eld. However, a publication such as the Digest can be very 
effective in publicizing needed reforms, or in combating 
discriminatory moves. The Digest proposes to continue with 
such work.
 “We propose to bring to our readers the essence of the 
news of the industry. We need the help of the industry to do 
that. We need your help–to keep, us informed concerning 
new developments, so that we can be in a position to cover 
them. Naturally, it is not possible for us to personally cover 
events throughout the nation. So, we must rely on men of 
the industry to cover events for us. They have been very 
cooperative, and our hope is that they will continue to be so.
 “’The Soybean Digest’ has two very dire needs at the 
present time. One, and the most important, is an increased 
subscriber list. We of the American Soybean Association 
need more members–more readers–in the important soybean 
producing states. We have plans which we hope will bring 
those results.
 “The second need is for increased advertising. We have a 
publication which is eagerly read and followed by the entire 
soybean industry. We have an advertising approach which 
no other publication can equal. We have the interest which 
is being pointed toward all chemurgic work to capitalize on. 

We have not had the funds to make the necessary contacts. 
We hope to have them some time soon. In the meantime 
we hope for the advertising support of those companies 
who rely upon the welfare of the soybean industry for their 
business. We feel we have something defi nite to offer to the 
manufacturer of farm machinery, of inoculation material, 
of processing equipment, of sacks, of cleaning equipment, 
and of all lines closely allied to the industry. We need the 
support of the railroads, and of the truck, tractor and auto 
manufacturers. We have, we believe, advertising interest 
which very few publications can equal, and which none can 
surpass. We need your advertising support.
 “The American Soybean Association is primarily a 
growers organization. ‘The Soybean Digest’ will adhere to 
the policy of working for the general welfare of the soybean 
industry, and not for any of the special interests which 
might be a detriment to the industry as a whole. We hope to 
assist in every way possible in keeping this rapidly moving 
industry moving down the center of the road to further 
expansion and prosperity.
 “As we started out we published, as our editorial policy, 
the following editorial. It applies today. It reads:
 “Short, concise, terse, condensed and to the point.
 “The bold, unexpurgated, unbiased and unprejudiced 
truth.
 “We will attempt to combine them to bring to you the 
news of the soybean industry in readable form. Condensation 
is the order of the day. Books, stories, manuscripts–they 
must all be briefed before you will take time to read them. 
The pace of American business and life demands knowledge 
of essentials, elimination of unessential details. If we carry 
our briefi ng to the point where you want further details on 
a story, they will be furnished on request from you. ‘The 
Soybean Digest’ will attempt to bring you only the essentials.
 “Growing, marketing, handling, processing and sales 
will all be considered. Will you tell us about the articles you 
like? And especially about those you do not like? We do not 
make the news. You make it. We report it.” Address: Editor, 
Soybean Digest, Hudson, Iowa.

1147. Nitragin Company, Inc. (The). 1941. Your protection–
Inoculate soy beans with Nitragin! (Ad). Soybean Digest. 
March. Back cover.
• Summary: A full-page ad. Photos show: (1) Two men in 
white lab coats working in a room containing many huge 
metal vats. Caption: “The Nitragin laboratories are the 
largest and most modern of their kind in the world. Here 
Nitragin is produced under a patented process in special 
patented incubators.”
 (2) Two men in white lab coats working in a green 
house. Caption: “In this green house, Nitragin cultures are 
constantly being tested.”
 (3) A man in a white lab coat in a laboratory, apparently 
testing cultures or inoculating culture media. Caption: “To 
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insure purity, Nitragin cultures are handled in a special room 
with an independent air conditioning system to keep out 
foreign bacteria, molds, and dust.”
 Inoculation with Nitragin “increases yields–often 50% 
or more, and makes hay and feed that’s as much as 15 and 
25% richer in protein.”
 “Nitragin is the oldest, most widely used inoculant 
for soy beans, alfalfa, clover, peas, and other legumes. It is 
built up by years and years of strain selection and testing, 
and used by farmers for over 42 years. Sold by leading 
seedsmen.” Address: 3872 North Booth St., Milwaukee, 
Wisconsin.

1148. Soybean Digest. 1941. Should inoculation be done 
annually? Legume bacteria account for 30 percent of 
nitrogen added to soil: Science strives to make it more. 
March. p. 2-3.
• Summary: “A few years ago any seed dealer who dared 
to tell a farmer he should inoculate his soybean seed each 
year even on ground that had previously been in soybeans 
probably would have met only a cold stare. Why, everyone 
knew it wasn’t necessary, once the bacteria were established 
in the soil!
 “Today, however, laymen are beginning to learn what 
many bacteriologists have known for a long time, that this 
business of inoculation is by no means a settled question, 
that we have only sketchy knowledge of details affecting 
growth and propagation of the bacteria and of the processes 
entailed in nitrogen fi xation by these bacteria.
 “First theory advanced: Knowledge of the value of 
legumes in the farm rotation dates back to ancient Greece 
and Rome, but it was not until the 1880’s that it was 
defi nitely established that legumes could take free nitrogen 
from the air, when Germans Hellriegel and Wilfarth 
advanced the fi rst comprehensive theory that bacteria formed 
nodules on the roots of legumes which enabled them to fi x 
free nitrogen from the air.
 “Although this basic fact was established so recently, 
great advances have been made in turning to practical use 
what has been discovered about legumes and the bacteria 
that live with them, and research is constantly bringing new 
refi nements.
 “The discovery having the greatest effect on legume 
inoculation practices was the fact that strains of the rhizobia 
(nitrogen-fi xing bacteria living in the nodules of legumes) 
may vary widely in ability to benefi t the host plant, even 
though nodules are readily formed. A vague comparison 
might be the way different varieties of a grain crop are 
adapted to different soil and climatic conditions.”
 “Acknowledgement is hereby made to the following 
men for their cooperation in supplying material and 
suggestions for this article: George M. Briggs, extension 
agronomist, and Perry W. Wilson, associate professor of 
agricultural bacteriology, University of Wisconsin; A.G. 

Norman, professor of soils, and A.L. Bakke, professor of 
botany and plant pathology, Iowa State College; O.H. Sears, 
professor of soil biology, University of Illinois; K.E. Beeson, 
extension agronomist, Purdue University [Indiana]; Lewis W. 
Erdman, director of research and production, The Nitragin 
Company, Inc.; and L.T. Parr, inoculator division, The Albert 
Dickinson Company.”

1149. Vergnaud, Henri. 1941. Instruction pratique concernant 
la culture du soja [Practical instructions on the cultivation of 
soybeans]. Revue Internationale du Soja 1(2):46-48. March. 
[Fre]
• Summary: Discusses the basics: Preparation of the soil, 
spreading dung and fertilizer on the land, inoculation, time 
of sowing, method of sowing, quantity of seed per hectare, 
place in the rotation. Address: Ingénieur diplômé E.C.A.T., 
Paris.

1150. Castelli, T. 1941. Considerazioni sulla coltivazione 
della soja [Considerations regarding the cultivation of 
soybeans]. Annali di Microbiologia 1(1):202-09. April. [Ita]*
• Summary: In these trials some soybeans were inoculated 
with a culture of Bacillus radicicola which was specifi c to 
this legume, and others were not. Inoculation was found to 
increase yield of the soybean crop and of soybeans.

1151. Asprey, G.F.; Bond, George. 1941. Respiration of 
leguminous root nodules (Letter to the editor). Nature 
(London) 147(3735):675. May 31. [4 ref]
• Summary: “A previous communication from one of us 
(Bond 1939) referred to the observations on the rate of 
evolution of respiratory carbon dioxide from leguminous 
root nodules still attached to the plant... A brief report is 
presented here of other observations... on detached nodules.”
 “The observations were made at a temperature of 25ºC. 
on nodules taken mostly from Manchu soya bean plants 
growing in solution culture.”
 “In twelve experiments with nodules of various sizes 
from soya bean plants inoculated with Wisconsin strain No. 
505 of the nodule organism, values ranging from 2.31 to 6.25 
were obtained for oxygen intake...” Address: Botany Dep., 
Univ. of Glasgow [Scotland].

1152. Boutroux, A. 1941. Le soja et ses applications 
diététiques [The soybean and its dietary applications]. Revue 
Internationale du Soja 1(3):94-101. May. [23 ref. Fre]
• Summary: Discusses: The nutritional composition of 
the soybean. The Chinese emperor, Shen Nung, who 
introduced the soybean in 2838 B.C. Henry Ford. Nitragin 
inoculant. Whole soybeans are not suited to European foods 
and tastes. Soy fl our is well suited and inexpensive. The 
factory at Colombes [established by Li Yu-ying] that made 
soymilk, tofu, and various condiments. Berczeller’s soy 
fl our. Soja-Soyolk and its nutritional composition. Lecithin. 
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Soy protein is high in quality. John Ruhrah in Baltimore 
(Maryland), Hermann and Neumann in Germany, and 
Sinclair in America. Soy fl our is rich in protein and contains 
little starch. Address: Former head of the Laboratory at the 
Faculty of Medicine of Paris (ex-chef de Laboratoire à la 
Faculté de Médecine de Paris).

1153. Ferguson, Carl Edwin; Albrecht, William A. 1941. 
Nitrogen fi xation and soil fertility exhaustion by soybeans 
under different levels of potassium. Missouri Agricultural 
Experiment Station, Research Bulletin No. 330. 52 p. May. 
Based on his 1941 PhD thesis, Univ. of Missouri. [42 ref]
• Summary: “The effect of fertility depletion by continuous 
cropping on nitrogen fi xation and carbohydrate production 
was also studied. Attention was given to the rate and 
degree of depletion from the soil of the various elements by 
successive croppings of soybeans. On the basis of this work 
the following facts seem of importance.
 “1. Nitrogen fi xation increased with higher levels of 
available potassium when accompanied by constant amounts 
of calcium, phosphorus, and magnesium.
 “2. The concentration of reducing sugars in both 
nodulated and non-nodulated crops decreased with 
increasing potassium treatment.
 “3. In non-nodulated soybeans the starch content 
increased tremendously, both in percentage and totals, with 
the higher levels of available potassium. Soybeans which 
were nodulated and fi xing nitrogen increased in total starch 
but remained relatively constant in percentage concentration 
as increments of potassium were supplied.
 “4. Crops on media which were too low in the fertility 
items to permit nitrogen fi xation and protein production 
were almost constant in total nitrogen content, but contained 
increasing amounts of carbohydrates, especially starch, in 
proportion to the amount of potassium metabolized.
 “5. Soybeans lost potassium from the seed to the soil in 
cultures with no initial treatment of potassium, even though 
the soil was fully saturated with bases other than potassium 
and approximately neutral at the outset.
 “6. Potassium was taken by plants in relatively large 
quantities from soil initially saturated with bases and 
containing potassium in an exchangeable form.” Address: 
Missouri.

1154. Vergnaud, Henri. 1941. Le culture du soja en France 
continentale [The cultivation of soybeans in metropolitan 
France]. Revue Internationale du Soja 1(3):102-08. May. 
[Fre]
• Summary: Contents: Defi nition. Zone of cultivation. 
Temperature and actinometry (the maturation of soybean 
seeds requires a total of 2,500 to 3,000º C). Soils. Preparation 
of the soil. Manure / chemical fertilizer and soil amendments. 
Inoculation. Time of planting. Method of planting (30-40 
kg of seed per ha, plant about 2 cm deep). Varieties: Black 

soybeans, yellow soybeans Care and maintenance. Place 
in the crop rotation. Causes of lack of success in soybean 
cultivation. Address: Ingénieur E.C.A.T., Secretary General 
of the Soybean Agricultural and Industrial Institute (l’Institut 
Agricole et Industriel de Soja).

1155. Johnson, E.F. “Soybean.” 1941. Soybean as a cash 
crop for the South. National Farm Chemurgic Council, 
Chemurgic Paper No. 111. 4 p. June 18.
• Summary: Presented “at the Annual Southern Chemurgic 
Conference, Nashville, Tennessee, June 18, 1941,
 “I will confi ne my discussion entirely to soybeans 
harvested for grain, as I do not feel that utilization of the 
crop for hay, plowing down, or interplanting with other crops 
has any place on a chemurgic program.
 “I wish to discuss this very important topic from two 
viewpoints: (1) Agronomic Problems, and (2) Sale and, 
Utilization of the Products,
 “The agronomic problem could be stated as follows: 
Can soybeans be produced profi tably on a portion of the 
tillable acreage in the South? There are probably six factors 
that contribute to a full consideration of this question. Most 
important of these are: low cost of production; high yields 
per acre; varieties of high fat content; nearby marketing; 
effect on following crops; and successful labor utilization.
 “Probably the most important problem facing the 
Southern grower of soybeans is acquiring a fundamental 
knowledge of the soybean plant and applying it to the 
growing and harvesting of the crop. The soybean is a quick 
growing, annual legume with a shallow root system. It is 
only able to gather nitrogen from the air when properly 
inoculated. Its manner of growth and habits are such that it 
is easily adapted to the machinery of those sections which 
grow small grain. If a cotton farmer is going to use his 
present cotton equipment and methods for planting and 
cultivating soybeans, then I can defi nitely assure him that 
his results will be unsatisfactory. The ordinary grain drill has 
been used in most of the commercial sections for planting 
soybeans, regardless of whether they were seeded solid or in 
rows twenty-one to twenty-four inches apart. In the last few 
years there has been a tremendous increase in the acreage 
planted in rows. This change from solid to row planting is 
largely the result of the weed problem in solid seeding and 
partly because of the saving of seed that can be made in 
row planting. The recent introduction of planting equipment 
that will plant any width row and can be converted into 
surface cultivators is doing much to increase the planting of 
soybeans in rows.
 “Varieties for the South: Probably the biggest drawback 
to the expansion of soybeans in the South today is lack of 
varieties of proven ability to yield both in bushels per acre 
and oil per bushel. At the present prices of oil, each change 
of one per cent in the fat content of soybeans justifi es a 
change of 5 cents a bushel in the price paid for the beans. 
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Most of the southern varieties range from 2 to 5 per cent 
lower in fat content than do beans grown today in Illinois. 
No Southern grower can hope to make a profi table operation 
on his soybeans if he uses a variety in which the low fat 
content results in a discount of 15 to 25 cents a bushel. The 
work of Heartsill Banks at the Ralston Purina Company 
plant at Osceola, Arkansas during the past six years has, 
I believe, proven conclusively that it is possible to select 
or develop varieties which will have a fat yield as high as 
those grown in the Corn Belt. In our experimental plantings 
at this Arkansas station, we have developed selections and 
new strains that during the past three years have consistently 
shown a fat content equal to the better varieties in Illinois 
and have averaged three to fi ve per cent higher than the 
parents from which these varieties originated. This is very 
encouraging, for if I felt that the South would always be 
destined to grow soybeans of a low fat content, I would have 
declined to appear on this program, as I would not be able 
under those conditions to see any economic possibility for 
this crop in the South.
 “Labor Utilization: Some years ago I felt that the 
soybean might be almost a 100 per cent solution to the 
problem of reduced cotton acreage in the South. I realize 
now that I was badly mistaken in that deduction. I do 
believe that by the use of right varieties and correct cultural 
practices, soybeans will solve the farm income problem 
brought about by decreased cotton acreage. I believe the 
soybean crop can also solve the problem of the cottonseed 
mills by increasing their days of operation. I also believe that 
the fertility of the soil can be increased by using soybeans in 
the place of cotton. However, I now realize that you cannot 
replace acreage of a crop that requires the maximum number 
of man hours per acre with a crop that requires a minimum 
number of man hours. One man with proper machines can 
grow and market a hundred acres of soybeans. Each of you 
can answer better than I how many men would be required to 
grow and market a hundred acres of cotton.
 Sale and Utilization of Soybean Products: I do not think 
there is anyone in the United States who is more optimistic 
and hopeful of the future utilization of soybean products in 
industry than I am. However, we must face facts, and future 
utilization will not furnish a market for present production.
 “It is possible that with the war situation creating a 
scarcity of some important metals, we may see tremendous 
strides in the next few months in the utilization of both 
cotton and soybean protein in the development of a new 
plastic-like material to replace aluminum and many other 
of our lighter alloys. Unfortunately, with the natural secrecy 
that must go with any military operation, it is not possible 
to secure any accurate information as to the progress on 
the utilization of plastics or plastic like substances in the 
construction of war machines. We do know that high-speed 
investigation and development are under way. But until 
such time as we actually see sizeable quantities of soybean 

oilmeal going into industrial utilization, we will have to 
depend upon poultry, livestock and fertilizer as being the 
only outlets for this commodity.
 “Today soybean oil selling at 9½ cents a pound presents 
no particular problem as far as the producers of soybeans are 
concerned. We all realize that this is an artifi cial situation 
brought about, in a large measure at least, by diverting 
to other uses ships normally engaged in moving foreign 
vegetable oils to the United States. I for one fear to put much 
dependence upon such artifi cial conditions on a long-time 
project. If the Fulmer Bill, which raises the duties on foreign 
oils approximately 100 per cent, should be enacted, then I 
would have much more faith in a continuation of high prices 
on both soybean and cottonseed oil in the future.
 “Can Southern Markets Absorb Meal and Oil Produced 
From Soybean Acreage? The marketing of soybean oil 
and soybean oilmeal from soybeans produced in the South 
presents a very complicated problem. For the last few years 
the South has experienced considerable diffi culty in fi nding 
a satisfactory market at a satisfactory price for its cottonseed 
meal and cottonseed oil. Adding a new crop like soybeans 
to your acreage in the South is going to make this problem 
even more diffi cult, as at present cottonseed and soybean 
oil both fi nd the same outlet in the market. In a similar 
manner, cottonseed meal and soybean oilmeal are largely 
interchangeable
 “High Meal Yield Per Acre High on Soybeans: Even 
using ground that will yield a bale of cotton per acre, it 
requires around six acres of cotton to produce one ton of 
cottonseed meal. With ordinary yields, six acres of soybeans 
will yield approximately four tons of soybean oilmeal. Each 
acre of cotton replaced with soybeans will result in a fourfold 
increase in the amount of concentrated protein meal to be 
marketed.
 “Soybean Oil: In the last few months considerable 
progress has been made in the fractional separation of 
soybean oil into saturated and unsaturated fatty acids. 
The saturated acids are used in soap production, while the 
unsaturated offer potential possibilities as a substitute in 
paint for linseed oil. Last week the University of Minnesota 
released information which seemed to indicate that they 
have developed a chemical treatment for soybean oil which 
shortens the drying time approximately 50 per cent.
 “These new processes are only in the experimental 
stage. How rapidly they will develop is a matter of pure 
guess-work. In the meantime, the use of soybean oil in paint 
has decreased due to diffi culties in securing tung oil with 
which to blend it. Without a doubt, some future day will fi nd 
us using large quantities of soybean oil in paint. However, 
future progress cannot make a market for this year’s crop.
 “I feel at the present time that much of the increase in 
soybean acreage which has taken place this spring in the 
South will present a real marketing problem to many of 
the southern mills that will buy these beans in a hope of 
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prolonging their period of operation.
 “In concluding, I feel I should call attention to a new 
utilization that bids fair to gain prominence before plastics 
and many other fantastical uses reach their goals. I refer 
to the use of soybeans in the human diet. Although this is 
not a chemurgic utilization, there is no doubt that canned 
soybeans, soybean fl our, and soybean milk as a portion of 
the diet of our most able chemists may be of material aid in 
quickening their brain action, increasing their endurance, and 
improving their powers of concentration so they may more 
quickly arrive at an industrial utilization of not only soybean 
products but cotton as well.” Address: Ralston Purina Co., 
St. Louis, Missouri.

1156. SoyaScan Notes. 1941. Introduction of colored ink into 
Soybean Digest. (Overview). June. Compiled by William 
Shurtleff of Soyfoods Center.
• Summary: 1941 June–Colored ink (red) is fi rst used in 
an ad on the back cover; it is for Skellysolve (for solvent 
extraction) by Skelly Oil Co., Solvents Division.
 This is also the fi rst issue of Soybean Digest which used 
red ink on the cover.
 1941 Aug.–Colored ink (red) is fi rst used inside the 
magazine. It appears in two ads on the inside front cover–as 
the name of a bag (“Patented Nu-Seme Bags”) and in the 
border of two ads. In the same issue, on the inside back 
cover, red ink is used for the title of an ad, “Feed Literature.”
 1943 March–Colored ink (blue) is fi rst used in the body 
of the magazine, as the background for a photo (p. 2) in an 
ad by Union Bag & Paper Corp.
 1943 Aug.–The color orange is fi rst used in the body of 
the magazine, as a major part of an ad for Nitragin inoculum 
(p. 3). In that same issue it is used in the title and border of 
an ad (p. 10) for a conference titled “Soybeans Go to War,” 
by the American Soybean Association.

1157. West, P.M.; Hildebrand, A.A. 1941. The 
microbiological balance of strawberry root rot soil as related 
to the rhizosphere and decomposition effects of certain 
cover crops. Canadian J. of Research, Section C: Botanical 
Sciences 19(6):199-210. June. [26 ref]
• Summary: In the fi rst of two papers, the authors 
investigated the effect on strawberry root rot of turning into 
the soil a succession of cover crops of different types; a 
succession of soybeans greatly reduced root rot and at the 
same time signifi cantly increased the bacterial balance.
 In this second paper they showed that this increase in 
the bacterial balance index was not due to any rhizosphere 
of living soybean roots, but to the decomposition of soybean 
tissue after incorporation into the soil. This benefi cial 
effect of soybean residues was ascribed to promotion of a 
“carbohydrate type of decomposition” in the soil. Glucose 
(at a rather high rate, equivalent to 10% by weight of soil) 
was shown to exert a similar benefi cial effect in controlling 

root rot and raising the bacterial balance index. Address: 1. 
Agricultural Asst., Div. of Bacteriology and Dairy Research; 
2. Asst. Plant Pathologist, Dominion Lab. of Plant Pathology, 
St. Catharines. Both: Ontario, Canada.

1158. Balzli, Jean. 1941. Azobacters et nitrigination 
[Azobacters and nitrogination]. Revue Internationale du Soja 
1(4):121-34. July. [5 ref. Fre]
• Summary: Contains a good history of the discovery and 
application of nitrogen fi xing bacteria in soya. German 
inoculants (p. 129) included Nitragine (made by Nitragin-
Werk, Berlin-Grunewald), Biogene (Biogen-Werk, Berlin-
Gruenewald), and Radicine (Radicin-Institut, Westerrade 
ueber Segeberg [Holstein]). Radicin was developed by the 
young expert W. Holzweissig.

1159. Souillet, Abbé. 1941. Résultats d’Expériences: I. 
L’inoculation azobactérienne des semences de soja est-
elle nécessaire? II. Une méthode d’acclimatation du soja 
[Results of experiments. I. Is it necessary to inoculate 
soybean seeds with nitrogen-fi xing bacteria? II. A method for 
acclimatization of soybeans]. Revue Internationale du Soja 
1(4):158-60. July. [Fre]
• Summary: I. Is it necessary to inoculate soybean seeds with 
nitrogen-fi xing bacteria?
 The short note that follows does not aim to provide a 
defi nitive answer to this controversial question. It only aims 
to present the results of a personal experiment.
 We know that growing legumes (légumineuses) enriches 
the soil’s nitrogen content: bacteria (bacterium radicicola) 
live on these plants’ roots in growths known as nodules, and 
fi x nitrogen from the air. These bacteria are very important. 
They obtain carbohydrates they need to survive from the 
plant, and in return, they fi x nitrogen from the air and 
convert it to a form that can be used by the plant, while also 
enriching the soil with nitrogen.
 Some people have thought it necessary to artifi cially 
inoculate [soybean seeds with] these bacteria when growing 
soybeans (le soja) for the fi rst time. This practice is 
common in the United States, and I have been able to obtain 
information from several American scientifi c institutes on the 
signifi cant results of nitragination on seeds.
 This practice has always surprised me. I have never 
used “Nitragin” or any other product to inoculate plants 
with nitrogen-fi xing bacteria, but my soybean yields have 
been very acceptable compared with the American yields. 
Obviously, soybeans were never grown on my land prior to 
1929, and at that time this plant was not grown in Maine-et-
Loire, as far as I know.
 In 1938, I studied the issue more closely and conducted 
the following experiment: I selected fi ve large pots, and 
fi lled the fi rst (group A) with soil from my garden where I 
grow soybeans, the second (group B) with soil from a garden 
very far from me (49 km), which had never been used to 
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grow soybeans, and had the same chemical composition and 
neutralization reaction as mine. For the third (group C), I 
used the same soil as in group B, but “nitraginated.” I fi lled 
the fourth pot (group D) with identical soil to that in my 
garden, but taken from 2.5 km from here in the forest, and 
the fi fth (group E) with the same soil, but with 10% of its soil 
added from group B.
 None of the soils received any enriching agents (soil 
or fertilizer). I sowed the fi ve groups with brown, dwarf, 
early and productive (soja brun, nain, précoce et productif) 
soybeans. I placed two soybean seedlings in each pot.
 The results are as follows:
 A table has three columns: (1) Group. (2) Height of the 
plants. (3) Number of seeds harvested.
 Group A, 35 cm, 215 seeds
 Group B, 32 cm, 213 seeds
 Group C, 35 cm, 210 seeds
 Group D, 35 cm, 62 seeds
 Group E, 35 cm, 187 seeds
 This experiment demonstrates that inoculation with 
nitrogen-fi xing bacteria has no effect in soil where legumes 
were already grown (the soil used for group B had been used 
for several successive bean crops) but it is very important for 
new soils (compare groups D and E).
 It seems therefore that although “nitragination” has 
been used successfully in new soils in the United States, it 
is unnecessary in the soils of our old continent where certain 
legumes, and particularly beans (whose nitrogen-fi xing 
bacteria are probably very similar or identical to those of 
soybeans) have been grown for a long time.
 II–A method for acclimatization of soybeans
 I began my experiments in 1929 on approximately one 
hundred varieties of soybeans, chosen by my collector from 
Guizhou among the best of this province. At that time, I 
noted that these legumes required signifi cant acclimatization 
work before they could be grown here successfully. Indeed, 
90% of the plants did not fl ower until October, and many 
of the seeds did not reach maturity in spite of the special 
environment in which I had grown them.
 In 1930, I made deliberate sacrifi ces: (1) the varieties 
with the less interesting chemical compositions; (2) the 
varieties that could not be practically acclimatized (those that 
fl owered in November, for instance).
 I planted the seeds reserved for my tests in specifi c 
growing conditions: dry soil, hot in the summer, very chalky, 
with a neutral reaction (pH 7), and no added manure or 
fertilizer.
 In 1937, I had around twenty well-acclimated varieties 
and hybrids. I had gotten them to mature much earlier (some 
matured outdoors, in normal soil, in the fi rst two weeks of 
August).
 When my efforts were met with misunderstanding, I 
stopped my experiments, content with sowing some seeds 
every year from the varieties I worked so hard to produce.

 The acclimatization method I used was the result of 
personal study of plant biology in general, and attentive 
observation of the soybean’s vegetable properties in 
particular. A brief description of this method follows.
 After pinching back the fl owering stems, I selected the 
lower pods (gousses inférieures) from each of the varieties 
grown in the special conditions described above, and 
picked them when they had just begun to turn yellow. The 
tricky part was to pick them as long before they matured 
as possible. Of course, I waited until their seeds were 
suffi ciently developed and had some chance of keeping until 
the spring depending on their germinative properties. This 
was a question of personal discretion.
 After collecting the pods (preferably in the morning), I 
placed them right away in full sunlight outdoors. I took care 
to bring them in at night, or during the day if it rained. When 
the pods were dry, I removed the seeds and let them mature 
for a couple of weeks in the shade in an open container. 
Then, the seeds spent the winter in a closed tinplate or 
stoneware container.
 The following spring, immediately prior to sowing, I 
soaked the seeds in glycerin for various amounts of time (a 
few hours for the high-protein varieties, and up to 24 hours 
or longer for the high-fat varieties).
 Of these tortured seeds (graines torturées) many were 
not viable.
 Around 40% would not germinate at all, 30% produced 
deformed plants or uninteresting varieties, 20% produced 
the exact same variety as the parent plant, but matured much 
earlier, and 10% produced variations that were somewhat 
interesting from a growing perspective, and often signifi cant 
from a chemical standpoint.
 The approximately twenty varieties and hybrids 
acclimatized in this way, which I have seeded every year 
without any special treatment since 1937, are remarkably 
stable. They mature perfectly, and they can be grown by any 
amateurs who know how to grow beans in their garden.
 Note: Translated by Elise Kruidenier of Seattle, 
Washington.

1160. Balzli, Jean. 1941. Le soja à travers le monde [The 
soybean around the world (Continued–Document part III)]. 
Revue Internationale du Soja 1(5):187-93. Sept. [Fre]
• Summary: (Continued): Germany: It was a German 
naturalist who introduced the soybean to Europeans. 
Englebert Kaempfer (1651-1716), a native of Westphalia 
(German: Westfalen), was in Japan from 1691 to 1692, 
and in 1712 his book entitled Amoenitatum exoticarum 
politico-physico-medicarum was published; it mentioned the 
soybean. In particular two varieties; kuro mame, which had 
black seeds, and daidzu sinku, a dwarf soybean with blackish 
seeds. From that moment on, the soybean gained a foothold 
in German literature; even novelists and poets became 
attached to it.
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 In the 19th century, the soybean started to be cultivated 
in Germany and Austria (in southern Tyrol and Istria [the 
latter in today’s Slovenia]).
 During the war of 1870, the captain of the saxon 
artillery, Othon Wehrhan, discovered in the botanical garden 
of Montigny-les-Metz (in Moselle [in the department of 
Lorraine in northeastern France]) an unknown plant which 
was identifi ed as the soybean. He took some seeds which he 
planted, in the spring of 1872, in his fi eld, near to Meissen 
in Saxony [in central eastern Germany]. Although the 
germinative power of the seeds was diminished, Wehrhan 
obtained a satisfactory harvest. He continued his trials for 
several years with success.
 The great impulse was given by the agriculturalist 
Friedrich Haberlandt (born 21 Feb. 1826 at Pressburg 
[Bratislava, capital of today’s Slovakia], died 2 May 1878 
at Vienna). Having seen soybeans, at the World Exposition 
which, in 1873, took place at Vienna, Haberlandt became 
interested in them. He acquired 20 varieties which originated 
in the Far East [East Asia], Transcaucasia, and Tunisia. With 
the assistance of intelligent and studious farmers (eventually 
they numbered 148), he conducted trials for several years. In 
1876 he obtained a chair at the Royal College of Agriculture 
of Vienna, but he died suddenly and prematurely, two years 
later.
 The early varieties had given Haberlandt full 
satisfaction; the results were unexpected. He reported all his 
fi ndings in his book The Soybean (Die Sojabohne...) (Vienna, 
1878). The seeds harvested were heavier than the seeds 
planted. In addition, their protein and fat content increased. 
Haberlandt concluded: Farmers see their own interest in 
adopting this miraculous among foreign plants entrusted to 
their care. In addition to their own advantage and they will 
increase the welfare of all people and the happiness of their 
homeland. Prophetic words!
 At that time, we were still far from being able to predict 
the most unexpected gifts of the soybean: artifi cial wool, 
synthetic rubber, artifi cial silk, plastic materials, alternatives 
to metal, and explosives.
 Later, another Austrian, Maurice Fürstenberg, who 
resided at Frohnleiten (Upper Styria [today’s northwest 
Austria]), was well versed in the cultivation and selection of 
soybeans. He left us two great works, which I class among 
the best treatises of soyism (sojaïsm): Die Einfuehrung 
der Soja, eine Umwaelzung der Volksernaehrung (Berlin, 
1916) and Die Soja: eine Kulturpfl anze der Zukunft und 
ihre Verwertungsmoeglichkeiten (Berlin, 1917). The fi rst of 
these two works had a preface written by the son of Friedrich 
Haberlandt, the scientist Gottlieb Haberlandt.
 In 1908, the cotton harvest having been very bad and 
the oil of the cotton seeds being defective, Great Britain 
began, with the assistance of the Japanese fi rm Mitsui & Co., 
to import soybean seeds. Germany followed this example 
starting in 1910. The defeat of Germany in 1918 [World 

War I] gave her time to pause and refl ect. The lack of lipids 
and of proteins having greatly contributed to the defeat of 
the Central Powers [Axis], Germany any, anxious to get up 
and recover its greatness, began to study soy in a variety 
of different ways. After Hitler came to power, this research 
was intensifi ed and deepened. Hitler surrounded himself 
with specialists of every type. Starting in 1933, the soybean 
was methodically cultivated in Germany. The Reich also 
bought up a large proportion of the soybeans produced in 
Manchukuo [Manchuria]. And it also began to cultivate 
soybeans in Romania and in Bulgaria. The Völkischer 
Beobachter (main edition) of 17 Dec. 1917 had revealed 
how, why, and to what end the Reich had started to cultivate 
soybeans in the Balkans. It was the well-known I.G. Farben-
Industrie, of Frankfurt-am-Main, which had incited the 
Balkans to produce soybeans, and good soybeans, on behalf 
of the Reich. It is said that poverty and famine make men 
creative. That is true. But these were not the only things that 
made the Reich to act.
 Germany’s Hitlerite leaders started with an idea that 
was above all creative, a great refl ection in the vein of those 
that lead to great discoveries and reformist inventions. 
These fertile inspirations led the German leaders to see 
that acclimatizing soybeans in Europe would modify the 
continent in a great way, and stimulate and improve our 
industrial lives to a considerable degree.
 An interesting detail: the scandalous collapse of the 
Viennese bank Osterreichische Kreditanstalt played greatly 
into I.G. Farben’s decision to invite the Romanians and 
Bulgarians to produce soybean seeds. In this way, the fi rm 
I.G. Farben, great creator of the touring bank, was able to 
recover its money, not to mention generate concomitant and 
consecutive profi t.
 Currently, Germany has highly experienced plant 
breeders who are worthy of our attention and emulation. As 
soon as the Nazi Party came into power, the Reichsnährstand 
(Agricultural Production Corporation) guaranteed a fi rm 
price to producers, three to four times higher than global 
soybean prices. At the same time, in France, Daladier, 
Monnet, Louis-Dreyfus [French politicians] and all the rest 
threw a wrench in the gears. In their hatred of soybeans, they 
went as far as to denounce me as a “bad French person,” 
subject to tight surveillance.
 In many state establishments, the Reich directs 
soybean breeding. Moreover, soybeans are studied by the 
Wehrmacht’s agricultural schools. Agricultural unions are 
also involved in this endeavor, and university botanical 
institutes contribute as well to better understanding soybeans. 
There are thus many individual groups that have achieved 
very encouraging successes.
 Professor Guillaume Riede, director of the Agricultural 
Botanical Institute (Institut de Botanique agricole) at the 
University of Bonn (Rhineland), is a fervent supporter of 
soybean cultivation, and the inoculation of all legumes.
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 Mr. A. Dieckmann, from Heimburg (in Harz), is a 
skilled soybean breeder.
 Inoculation, the technique of applying the appropriate 
bacterial cultures to legume seeds, was fully studied and 
refi ned in Germany. To all readers, I recommend multiple 
readings of the remarkably well-illustrated short work edited 
by the Radicin-Werk company, from Westerrade (Holstein), 
titled Impf-Fibel: Worte und Bilder zur Stickstof-frage beim 
Anbau kleeartiger Gewächse und Hülsenfrüchte. [Inoculum 
Primer: Words and Pictures about the Nitrogen Question 
When Growing Clover-like Plants and Legumes].
 German housewives are very familiar with non-defatted 
soybean fl our, this reinvigorating and analeptic product that 
acts as a mixture of milk, eggs and sugar, and can be used 
advantageously in many dishes. This fl our is sold not only in 
pharmacies, but also at the grocer’s, because in Germany, it 
is not considered a diet product for weaklings: it is seen as 
a food. I know of two very high-quality brands of this fl our. 
They are produced by Hensel-Werk, from Stuttgart-Cannstatt 
and Magstadt (Württemberg), and by Neue Edelsoja-
Gesellschaft, from Berlin.
 The Wehrmacht was able to use many soy products 
and derivatives. This is so well known that I will not even 
discuss it here. But what will we–the French–do? We had soy 
advocates, but they were ignored. The eternal tragedy of the 
French innovator! In France, the most deserving of people 
fought their entire lives without achieving victory. Often, 
too often, as in the Arab legend of Antar, it is only through 
death that victory is achieved. Let us not forget Léon Rouest 
(1872-1938) who desperately fought for the French soybean 
and whom the corrupt government let die in destitution!
 Romania: Bessarabia [in today’s Moldova and Ukraine] 
specializes in cultivating and exporting industrial plants, in 
particular, the soybeans that it sold to Germany.
 In 1937, this province alone was responsible for 78.3% 
of all Romanian production.
 Note: Translated by Elise Kruidenier, Seattle, 
Washington. Address: Dr., France.

1161. Pynaert, L. 1941. A propos du soja en Belgique 
[Concerning the soybean in the Belgium]. Revue 
Internationale du Soja 1(5):161-66. Sept. [Fre]
• Summary: Discusses the cultivation of soybeans. 
Introduction. Regions and situations suitable to the soybean 
for the production of seeds. Soils. The place of soya in 
the rotation. Preparation of the terrain / land. Manuring. 
Varieties. Planting and inoculation. The danger from wild 
animals. Care. Harvest, threshing, and storage of the seeds. 
Soybean varieties cultivated at the Jardin Coloniale de 
Laeken (colonial botanical garden in Brussels). A full-page 
table (p. 166), titled Observations on 1 Aug. 1941, gives 
details on 25 soybean varieties. For each is given: The name, 
source, size and growth habit, fl owering, number of pods 
per plant. Address: Directeur du Jardin Colonial de Laeken 

[Brussels, Belgium].

1162. Balzli, Jean. 1941. La culture et l’utilisation du soja 
[The cultivation and utilization of the soybean]. Nice, 
France: Chambre de Agriculture des Alpes Maritimes. 10 p. 
[Fre]
• Summary: Contents: Introduction. What is the soybean? 
Preparation of the soil. Applying fertilizer and manure. 
Nitrogination (including via root nodules). Seeds. Quantity 
of seeds. Varieties of seeds to choose from. Evolution. Care 
of the crop. Irrigation and watering. Transplanting. Diseases 
and enemies of the soybean. Spoilers of the soybean (rabbits, 
hares, and roe-deer are very fond of young soybean shoots / 
sprouts. Rats, fi eld mice, voles and hamsters devour the pods 
with their seeds. Pigeons and crows steal the seeds. To stop 
or reduce the exploits of these thieves, you can use a hand 
rattle, a loud shout, or any means of terrorizing them using 
traps, snares, or poisons).
 Harvest (the seeds and the straw), threshing and the 
storage of the seeds, mixed cultures and rotations, soybeans 
in France’s colonies. Advantages of soybean culture. Green 
soybeans and soybean hay. Soybean straw. Using soybeans 
to feed animals. The use of soymilk by farmers (to raise 
lambs, piglets, chicks, fatten hogs, etc.). How farmers can 
make soymilk. Soybean cakes (les tourteaux de soja). Use of 
soybeans and soybean cakes as fertilizer.
 Soybeans as human food (soy oil, soy fl our, soy coffee, 
soy chocolate, Worcestershire sauce, soymilk, tofu, and soy 
sprouts). Industrial uses of soy (soy protein, soy oil).
 Note: A similar but shorter document was published 
in Revue Internationale du Soja, March 1941, p. 41-45. 
Address: Doctor.

1163. Balzli, Jean. 1941. La nitragination sur la sellette 
[Nitragin fi xation in leguminous seeds: Inoculation on the 
hot seat]. Revue Internationale du Soja 1(6):216-23. Nov. 
[Fre]
• Summary: Nitragination is the inoculation of leguminous 
seeds using appropriate azobacterial cultures. This is not 
entirely necessary with soybeans, but it improves their yield. 
Address: Dr., France.

1164. Huebscher, Ad. 1941. Le soya sur le rivage suisse 
du lac Léman [The soybean on the Swiss shore of Lake 
Geneva]. Revue Internationale du Soja 1(6):213-15. Nov. 
[Fre]
• Summary: Nine years ago the writer decided that he would 
fi gure out a way of growing soybeans on the west (French) 
shore of Lake Geneva.
 Nine years ago, I used–in an “unusual” way–a vineyard 
I owned at Corseaux (Vaud), on the shore of Lake Geneva. 
I pulled out all the wine stocks. In their place, I had erected 
a villa, surrounded by fruit trees, with espaliers and shrubs. 
Rather than producing suffi cient wine and alcohol, I 
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preferred harvesting fruit and vegetables; from this, the 
health of my family gained enormously. Having lived part of 
my life in the United States, I am a mortal enemy of slums. 
Just like the soybean, I love fresh air and sunshine. Our villa, 
called “Bel Air,” opens to the atmosphere and allows us to 
enjoy from morning to evening invigorating and benefi cial 
radiance.
 I was not regarded as a “nut.” On the contrary, some 
followed my example. Today my little eden is the center of 
a multitude of similar properties. All the inhabitants of our 
quarter are model builders and planters. The stupid routine is 
repugnant to us. We have done good work. We produce and 
we harvest, according to carefully studied methods, fruits, 
vegetables, potatoes, and soybeans of the very fi rst quality. 
In spite of the restrictions occasioned by the war economy, 
we do not suffer. We are well nourished, we are in the best 
of health, and our food is inexpensive. We are our own 
gardeners, for here is our motto (imported from the United 
States):
 Early to bed
 early to rise
 makes [a man] healthy, wealthy and wise.
 I am particularly interested in the soybean. I told myself 
that I had to succeed with this plant, since it prospers not 
only in Italy and in the Balkans, but also in Germany, in 
Holland, in Denmark, in Lithuania, in Sweden, in England, 
and in all the territory of the United States and Canada. Yes, 
in France and in Switzerland, failures have been reported. 
It is not necessary to accuse the soybean, but the ignorance 
of those who, instead of listening to the soy devotees 
(les soyaïstes), have worked things out in their heads and 
haphazardly.
 He carefully studied the basic nature, characteristics, and 
needs of the soybeans–and of different varieties.
 I conducted trials in 1939, in 1940 and in 1941. Above 
all, the selected seeds were diffi cult to fi nd, but, for the 
future, we counted on selections from Hungary (like Dr. 
Olthon Knapp, of Iregszemcse) and from France.
 In 1939, I had already succeeded. My small quantity 
of seeds gave an encouraging harvest. The plants grew to a 
height of 35 to 40 cm.
 In 1940, encouraged by the relative success of the 
preceding year, I continued my trials. I had numerous plants 
that grew to a height of 55 to 60 cm. These furnished a good 
provision of seeds which I transformed into fl our. And this 
fl our served us better than the best eggs. For the year 1941, 
M.E. Lieberherr, former Swiss consul to the Far East, and 
presently co-director of the house of Morga S.A. of Ebnat-
Kappel (canton of Saint-Gall), procured for me yellow 
seeds harvested in the canton of Tessin [Ticino, which is the 
southernmost canton of Switzerland. It is the only canton 
where Italian is the sole offi cial language]. In 1939 and in 
1940, a had only black soybeans. This year, I had, therefore, 
the pleasure of planting two varieties. These seeds were 

planted in 8 different locations, and what I had learned from 
the preceding trials served me well.
 Up to this time, I did not have recourse to nitrogen 
fi xing bacteria, which is to say that I have not used earth 
mixed with pulverized nodules, nor pure cultures of 
bacterium radicicola soyae. But the opponents of inoculation 
(nitragination) did not rejoice too soon. As a bacteriologist, 
I intend to make by myself, for my own needs, azobacterial 
cultures and to experiment with them methodically... I 
planted the seeds with an appropriate amount of fertilizer, 
then I covered them with soil to a depth of 2 cm.
 By the time I write these lines (22 Aug. 1941) my best 
soy plants are in the same location where, in past years, 
I planted potatoes. Very vigorous, they promise a good 
harvest.
 The black soybeans were planted on April 19. On Aug. 
4, that is to say after a vegetative period of 107 days, they 
were 83 cm in height. The diameter of the stems, at ground 
level, is up to 0.8 cm. And here are the corresponding fi gures 
for the yellow soybean: 72 cm. and 0.6 cm. The soybean 
plants bear no more than 16 to 23 pods, which, on average, 
are 6 cm in length. The yellow soybean plants bear 12 to 
21 pods per plant. Many of the pods of the yellow variety 
contain only 2 seeds per pod, but all of these seeds are rather 
large and bloom well (bien épanouies).
 For sure, these results are modest, but my plantings are 
but a start and I have not yet used inoculation. In any case, I 
will not abandon the cultivation of soybeans.
 I can confi rm that the soybeans are eager to have air 
and sunlight. They abhor shade. Planted under trees that are 
not widely spaced, they become sickly and weak, and give 
a very mediocre harvest. The less I restrict them, the better 
they develop. What an intelligent plant! They are not content 
merely to give richly of useful products, but at the same time 
they have relatively few needs. Very often, one hoeing, with 
a slight mounding, is suffi cient. Later, the luxuriant foliage 
smothers most weeds. I should add that does not like to be 
watered to much or too often during times of the greatest 
heat, for it resists dryness / drought better than excessive 
irrigation.

1165. Institut de Bacteriologie Agronomique Radicine. 
1941. La Radicine [Radicine (inoculum) (Ad)]. Revue 
Internationale du Soja 1(6):Inside front cover. Nov. [Fre]
• Summary: This full-page ad advises: “Inoculate your 
soybean crop with Radicine.” Success is guaranteed. Gives 
the names of distributors in Berlin/Dahlem, Bonn, Univ. 
of Sofi a (Bulgaria), Bucarest (Rumania), Magyarovar 
(Hungary), Zagreb (Croatia). Larissa (Greece).
 Note: This same ad appears at the front of almost every 
issue of the Revue Internationale du Soja, and was this very 
important in supporting the ongoing publication of this 
important magazine. Address: W. Holzweissig, Westerrade 
(Holstein), Germany.
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1166. Société des Produits Labotechniques. 1941. 
Vaccinograines (Nitragines Françaises) [Vaccinograines 
(legume inoculant) (Ad)]. Revue Internationale du Soja 
1(6):215. Nov. [Fre]

• Summary: This is a French inoculant. This ad (4½ by 
4 inches) is for living Bacillus radicicola cultures used to 
inoculate lucerne, soya, beans, peas (petits pois), trefoil or 
clover (trefl e), sainfoin, or vetches (vesce).
 Note: This is the earliest document seen (Oct. 2018) that 
mentions Vaccinograines, for inoculating soybeans. Address: 
20, Rue de la Pompe, Paris (XVIeme), France.

1167. Durupt, A. 1941. Le soja et la symbiose bactérienne 
[Soybeans and bacterial symbiosis]. Revue Internationale du 
Soja 1(7):261-66. Dec. [9 ref. Fre]
• Summary: Inoculation increases soybean yield by at least 
25%. Soybean inoculum is sold in France by the Société de 
Produits Labotechniques, 20 rue de la Pompe, Paris, under 
the name “Vaccinograines.”

1168. Kerpely, Antal. 1941. A szojabab eredmenyes 
termesztese ojtassal [The effective cultivation of soybeans 
with inoculation]. Kisalfoldi Gazda (Kisalfoldi Farmer) 
2(13):4-7. [Hun]*
Address: Hungary.

1169. Luedecke, H. 1941. Die Bedeutung der 

Phosphorsaeure fuer das Wachstum der Sojabohne und 
die Taetigkeit ihrer Knoellchenbacterien [The importance 
of phosphoric acid for the growth of soybeans and the 
effectiveness of nodule bacteria]. Phosphorsaeure 10(2):196. 
[Ger]*

1170. Luedecke, H.; Sammet, K.; Lesch, 
W. 1941. Untersuchungen ueber den 
Naehrstoffbedarf und den Einfl uss 
steigender Gaben Phosphorsaeure und 
Kali auf Ertrag und Beschaffenheit der 
Sojabohne [Investigations on the need for 
nutrients and the infl uence of increasing 
amounts of phosphoric acid and potash 
on the yield and quality of the soybean]. 
Bodenkultur und Pfl anzernaehrung 25:1-
31. [Ger]*

1171. Thongjaya Punyasingha, -. 1941. 
The relation of varieties of the soybean 
to various strains of the Rhizobium. Thai 
Science Bulletin 3(1):11-27. *

1172. Blanchard, Marcel. 1941. Le soja 
en France: Ses possibilités culturales. 
Ses débouchés industriels. Son intérêt 
économique [The soybean in France: Its 
cultural possibilities. Its industrial outlets. 
Its economic interest]. Paris: Societe 
d’Editions Geographique, Maritimes et 
Coloniales, 17 rue Jacob, 6eme. ii + 200 

p. Illust. 22 cm. [158 ref. Fre]
• Summary: Contents: Introduction. Part 1: Cultivation of 
soya. 1. The soybean. 2. Soybean cultivation worldwide. 
3. The varieties of soybeans. 4. The requirements of the 
soybean crop. 5. Sowing soybeans. 6. The soybean during its 
vegetative stage. 7. Harvesting soybeans. 8. Mixed cropping 
and intercropping of soybeans. 9. The enemies and diseases 
of the soybean.
 10. History of soybean cultivation in France 
(introduction in 1739 at Jardin des Plantes under direction of 
Buffon, 1850–National Society for Acclimatization, around 
1880 MM Vilmorin-Andrieux, M. Paillieux, M.P. Olivier-
Lecq, Messrs. Lechartier, Denaiffe, Dr. Le Goff, Boulanger 
& Dausse, Brioux, Semichon, Carle de Carbonnières, 
Rouest, de Guerpel).
 11. The vegetative cycle of the soybean in France. 12. 
The soybean at the various French agricultural research 
centers (les Centres de Recherches agronomiques français) 
including Centre de Versailles, Station de Dijon, de Colmar, 
de Clermont-Ferrand, d’Antibes. 13. The possibilities of soya 
in France in terms of its cultivation.
 Part 2: The nutritional value of the soybean. 1. The 
nutritional value of the soybean.
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 Part 3: Utilization of soya. 1. Soybeans in the farm 
economy. 3. The soybean in human nutrition and in industry.
 Part 4: The soybean from an economic viewpoint. 1. 
Commerce and trade in soybeans and soybean products 
up to Sept. 1939. 2. The present economic possibilities 
of the soybean in France. Conclusion. Bibliography. 16 
illustrations. 8 maps.
 The introduction begins: “In a letter written on 15 
Jan. 1935, on board the Chenonceaux which was sailing 
toward Shanghai, Li Lu-Ying [sic, Li Yu-ying], president 
of the National Academy of Peiping (l’Académie Nationale 
de Péping) offered to furnish us with the translation of 
important documents in the Chinese, Japanese, and Russian 
languages concerning all aspects of soya. Let him fi nd here 
the expression of our gratitude, because he introduced us to 
a plant, in which there is more interest abroad than in the 
country of its origin.”
 The publisher was formerly named Maison Challamel, 
founded in 1839.
 Illustrations show: (1) The branch of a soybean plant, 
with the fl owers and young pods, enlarged 3x. (2) The fl ower 
of a soybean plant as it is about to open, enlarged 5x. (3) 
A soybean branch with mature pods and leaves, enlarged 
2x. (4) Two views of a soybean seed with parts labeled. 
C = chalaza (chalze). H = hilum (hile). M = micropyle 
(micropyle). R = radicle (radicule). A-H = hypocotyl 
axis (germ) (axe hypocotylé). G = raphe, bud, leaf-bud 
(gemmule). Enlarged 3x. Note: The raphe is a small grove 
extending to the chalaza, where the integuments were 
attached to the ovule proper.
 (5) Microscopic view of a transverse section of the 
seedcoat: C.P. = palisade layer of cells (cellules en palisade). 
C.S. = hourglass cells (cellules en sablier). P.E. = spongy 
parenchyma (parenchyme externe). C.A. = aleurone 
layer (cellules à aleurone). P.I. = remains of parenchyma 
cells of endosperm or internal parenchyma (parenchyme 
interne). Enlarged 247x. (6) Cells of the epidermis facing 
the microscope. Enlarged 460x. (7) Microscopic view of 
a transverse section of a cotyledon, two views, showing 
starch grains (grain d’amidon), oil droplets (oléolaste), and 
aleurone grains (grain d’aleurone; high in protein). (7a) Six 
large maps of soy in Asia and in Oceania, in North America 
and in South America, in Europe and in Africa in 1939 (p. 
12-36). (8) Nodules containing nitrogen-fi xing bacteria on 
the roots of a soybean plant (p. 66). (9) Planting soybeans; 
a man walks behind a planter pulled by two horses (p. 84). 
(10) Cultivating soybeans; a man sits on a cultivator pulled 
by two horses (p. 89). (11) A fi eld of long, straight, weed-
free rows of soybeans in the United States. (12) Drying of 
soybean hay in shocks. (13) Harvesting soybeans; a man 
sits on a harvester pulled by two horses. (14) Threshing 
soybeans using a machine (p. 99). (15) Intercropping of soya 
and maize. (16) The soybean variety Lisbonne growing at 
the Central Station for Seed Trials (Station Central d’Essais 

d Semences) (p. 122). (17) Map of France with isotherm 
lines of July and a line showing the northern limit of maize 
cultivation (p. 134).
 Tables: (1) Asiatic varieties: Chinese and Manchurian 
varieties (6 varieties), varieties from the British Indies (7), 
from the Dutch Indies (11), Japanese varieties (17).
 (2). American varieties: Canadian varieties (7), U.S. 
varieties (40 varieties) (for each is given: Days to maturity, 
fl ower color, seed color, color of the oil, oil content, protein 
content, weight of 1,000 seeds in grams, seed yield (in kg/
ha), yield of hay containing 15% moisture (in kg/ha)). (3) 
European varieties: German (7), Austrian (3), English (4), 
Italian (1), Polish (7), Czech (9), Soviet Russian (9).
 Mineral needs of the soybean. Yield of two soybean 
varieties, with and without inoculation. Yield of three 
soybean varieties with and without inoculation. Germination 
percentages of 8 French soybean varieties at the Station 
Centrale d-Essais de Semences in 1938-39 (ranges from 91% 
to 100%). Variation in the composition of soybean hay at 
4 stages of maturity. Weight of seeds vs. straw for 10 U.S. 
soybean varieties (the straw weighs 1.5 to 2.7 times as much 
as the seeds). Average yield of soybeans in four countries in 
1933 (in kg/ha): Manchuria 1,200. Japan 1,000. Korea 650. 
China 950. Length of the vegetative cycle at four stations 
with 10 varieties in France (ranges from 98 to 157 days). 
Length of the vegetative cycle at four more stations with 16 
varieties in France (ranges from 95 to 172 days). 18 varieties 
that completely matured their seeds at 2 stations in 1921 
and in 1922. Oil and protein content of 7 French soybean 
varieties at Station de Clermont-Ferrand. The seed yield of 
10 soybean varieties at the same station. The seed yield of 6 
soybean varieties at Station d’Antibes. Six tables (p. 138-42) 
on the nutritional value of soybeans. Six tables (p. 148-61) 
on the utilization of soybeans in the farm economy and for 
feeding animals 2 tables (p. 162-42) on the soybean in the 
human diet and in industry. 5 tables (p. 175-42) in trade in 
soybeans and its by-products. 7 tables (p. 181-86) on the 
present economic possibilities of the soybean in France.
 Chinese and Manchurian varieties soybean varieties (p. 
48): Chu Yen Tou Erh, Kung-Chu-ling pai Mei, Pai Hoa Tso 
Tse, Su Li Huang, Ta Li Huang, Tieh Chia, Tou Tse.
 Soybean varieties from the British Indies (des 
Indes britanniques) (p. 48): Behrum, Hto-nao, Hto-
nang, Mirjanhat, Pekyat-pyin, Pe-Ngypi [pè-ngapi], and 
Santonauk. Note: According Thompstone & Sawyer (1914), 
some of the above names are the names of the yellow 
soybean in different parts of Burma.
 Soybean varieties from the Dutch Indies (des Indes 
néerlandaises) (p. 48): Djepoen, Idjo, Ireng, Krawe, Mentik, 
Poetik, No. 16 sélectionné, No. 17 sélectionné, No. 27 
sélectionné, No. 28 sélectionné, No. 29 sélectionné.
 One variety from Indochina (p. 48) is Langson.
 Soybean varieties from Japan (p. 50): Akasaya, 
Banseihikarikuro [Bansei hikari kuro], Chinseihikarikuro 
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[Chinsei hikari kuro], Gindaizu [Gin daizu], Ishikarishiro 
[Ishi kari shiro], Kanro, Kurosaya, Mitsuishidaizu [Mitsuishi 
daizu], Naktchadaka, Oyachi no. 2, Rankoshi no. 1, 
Shimoshirazu no. 1 [Shimo shirazu no. 1], Shirokotsubu, 
Shirotsurunoko, Tsurunoko, Wasehodaka / Waschodaka, 
Yoshiokatairin [Yoshio katairin].
 Soybean varieties from Canada (p. 50): A.K. (Harrow), 
Brun du Manitoba, Soja jaune de Montréal / Montreal, Soja 
jaune de Québec / Quebec 92, Manchu (Hudson), Mandarin 
(Ottawa), O.A.C. No. 211. Address: Directeur interimaire, 
Station d’Essais de Semences (Ministere de l’Agriculture), 
France; In 1946 Chef de Travaux at this station.

1173. Fallon, F. (Baron). 1941. Le soja [The soybean]. 
Belgique. Ministere des Colonies. Direction Generale de 
l’Agriculture et de l’Elevage. Propagande et Vulgarisation 
Agricoles No. 21. 39 p. Bruxelles: Impr. Industrielle et 
Financiere. [17 ref. Fre]
• Summary: Contents: Botanical description: Introduction, 
the plant’s needs, varieties. Soybean cultivation in Europe: 
Introduction (for some countries preferred early, medium, 
and late varieties are listed), France, Great Britain, Hungary, 
Poland (selection has been done at the Wilna experiment 
station using varieties imported from Hungary and 
Czechoslovakia), Romania (About 30,000 ha are devoted 
to soybeans, primarily in Bessarabia [Besarabia], Dobrouja 
[Dobrudja, Dobrogea], Bukovina [Bucovina], Walachia or 
Wallachia or Valachia [now called Muntenia, a fertile belt 
across southern Romania], and Moldavia. Most of these 
varieties came from Austria), Switzerland, USSR (the main 
soybean regions are all warm ones–the Caucasus, Ukraine, 
and Transcaucasia). Soybean cultivation in America. 
Soybean cultivation in Africa (especially in South Africa, 
mainly for forage in the Natal and Transvaal). Soybean 
cultivation in Asia: China and Manchuria, Malaysia, British 
Indies, Dutch Indies, Indochina, Japan. Soybean cultivation 
in Oceania (mainly Philippines).
 Cultivation: Crop rotation, inoculation, planting 
and propagation, maintenance and manuring the land, 
harvest, seed storage, yield, selection of varieties. Soybean 
utilization: As human food (dry soybeans, soy sauce, soy 
fl our, soymilk, tofu, soy oil), industrial uses (soy oil, refi ning 
and use, soymilk casein). Soya as a fertilizer: Green manure, 
or soybean cakes. Soya as a feed for domestic animals: 
Green forage, hay, silage, pasture, seeds, cakes. Soybean 
cultivation in the Belgian Congo. Soybean trade.
 In the Congo various soybean trials have been 
undertaken since 1936 at the stations of the National Institute 
for Agronomic Study of the Belgian Congo (l’Institut 
National pour l’Etude agronomique du Congo Belge). 
Numerous varieties from the USA and Manchuria have 
been tested. Address: Directeur au Ministere des Colonies, 
Professeur a l’Institut Agronomique de Gembloux [Belgium].

1174. Ferguson, Carl Edwin. 1941. Nitrogen fi xation and 
soil fertility exhaustion by soybeans under different levels of 
potassium. PhD thesis, University of Missouri. Reprinted in 
Missouri Agric. Exp. Station, Research Bulletin No. 330. 52 
p. [42 ref]*
Address: Univ. of Missouri.

1175. Rouest, Antoine. 1942. Le soja français [The French 
soybean]. Argenton, France: Langlois. 48 p. Preface by J. 
Bordas. Illust. No index. 24 cm. [9 ref. Fre]
• Summary: Contents: Dedication (To Léon Rouest, born 
on 11 Nov. 1872 in Paris; died 27 Feb. 1938 at Chartres). 
Introduction. Part I. 1. What is the soybean? Composition 
properties of the soybean. 2. Cultivation of the soybean 
in France: Climatic zones in France for the cultivation 
of soybeans, A–Atlantic Zone, B–Continental Zone, C–
Mediterranean Zone and climate, infl uence of latitude on the 
soybean, soils best suited for soybeans, fertilizer / manure, 
bacteria, soybean varieties, crop rotation, intercropping.
 Part II. 3. Technical advice (Conseils techniques) for 
the cultivation of soybeans in France: Labor and preparation 
of the soil, seeds, soybean vegetation, germination, ways 
of cultivations (façons culturales), irrigation of soybeans, 
fl owering and fruiting, diseases and enemies of the soybean, 
harvesting soybeans, harvest soybeans as forage, threshing 
and storage, yield.
 Part III. 4. Use of soybeans on the farm: As green 
manure, green forage, hay, silage–which uses the stems 
and leaves of the plant. 5. Soybean seed and cake in the 
feeding of animals: Soybean cake in the feeding of dairy 
cows, conclusions, soybean cake in the fattening of animals, 
soybean cake in the feeding of pigs, conclusions, the value 
of soybean cake, soymilk, how to make soybean milk (on the 
farm).
 6. Use of the soybean as a human food: Soybean coffee, 
dry roasted soybeans, Sojenta (made from cooked potatoes 
and whole soybeans), soybean pâté (a meat alternative), 
soybean sprouts, salad of soybean sprouts, soybean sprout 
casserole with vegetables, sweet soya preserves (Confi ture de 
soja), soy fl our and its use by Germany during World War II, 
Comparative production of nutritive elements by the various 
legumes (haricot beans and peas), calorie content of various 
foods (table), soy fl our (again), soy sauce. 7. Industrial uses 
of soybeans. Conclusion.
 The Dedication reads: In homage to my father, the man 
who acclimatized the soybean to France. Léon Rouest. Born 
in Paris on 11 Nov. 1872. Died at Chartres on 27 Feb. 1938. 
A small portrait photo shows Léon Rouest. Address: Son of 
Léon Rouest, France.

1176. Société des Produits Labotechniques. 1942. 
Vaccinograines (Nitragines Françaises) [Vaccinograines 
(legume inoculant) (Ad)]. Revue Internationale des Produits 
Coloniaux et du Materiel Colonial 17(186):20. Feb. [Fre]
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• Summary: This ad (4½ by 4 inches) is for living radicicola 
cultures used to inoculate lucerne, soya, beans, peas (petits 
pois), trefoil or clover (trefl e), sainfoin, or vetches (vesce). 
Address: 20, Rue de la Pompe, Paris (XVIeme), France.

1177. Balzli, Jean. 1942. Le Soya à travers le monde [The 
soybean around the world]. Revue Internationale du Soja 
2(10):115-18. March. [Fre]
• Summary: Contents: Croatia. United States. East Asia. 
France. Hungary. Mexico. Switzerland. The Balkans (W. 
Holzweissig, founder of the Radicin Institute, explains why 
it is inevitable that soybean cultivation has succeeded in the 
Balkans).
 Switzerland: This Eden of good milk, Switzerland 
reports a shortage of this precious food, and several Swiss 
friends have told me that their country is seriously interested 
in soymilk (lait de soya). The various shortages of milk, 
butter and cheese are described in detail, as are the reasons 
for these shortages.
 The reader is reminded that before the war, the city of 
Paris obtained, just for its children, 124,000 liters of milk per 
day, excluding condensed milk.
 More than ever, soymilk is likely to be certifi ed, even 
in Switzerland, As I have already said, Dr. Ad. Huebscher, 
who has reorganized the Swiss cheese industry in the United 
states, is applying himself to create a center capable of 
producing soymilk, not only for human consumption, but 
above all for animal husbandry. Address: Dr., France.

1178. Waksman, Selman A.; Woodruff, H. Boyd. 1942. The 
occurrence of bacteriostatic and bactericidal substances in 
the soil. Soil Science 53(3):233-39. March. [20 ref]
• Summary: “It has been demonstrated frequently that the 
soil contains substances toxic to the growth of higher plants 
and to microorganisms. Such substances are said to be 
destroyed by oxidation, by heat, by treatment with various 
antiseptics, and by means of certain adsorbing agents, such 
as carbon black.”
 Test microorganisms are E. coli, B. subtilis, and S. lutea.
 Soy is not mentioned. Address: New Jersey Agric. Exp. 
Station.

1179. Yoder, R.E. 1942. Soybeans: Facts and opinions 
concerning the crop and its infl uence on the soil. Ohio 
Agricultural Experiment Station, Depart of Agronomy 
Mimeograph No. 79. 7 p. April 21. Presented at 
Northwestern Ohio County Agents Conference.
• Summary: The soybean is a potent soil-degrading crop, 
removing minerals and nitrogen, and leaving the land is a 
loose, highly erodible condition. Address: Chief Agronomist, 
Ohio Agric. Exp. Station, Wooster, Ohio.

1180. Kiesselbach, T.A.; Lyness, W.E. 1942. Soybean 
production in Nebraska. Nebraska Agricultural Experiment 

Station, Bulletin No. 339. 18 p. April. [5 ref]
• Summary: Contents: Description. Importance. Utilization. 
Economic Considerations. Adaptation in Nebraska. Place 
in the Rotation. Varieties. Seedbed Preparation. Seed 
Inoculation. Manner and Rate of Planting. Time of Planting. 
Tillage. Harvest. Threshing and Storage. Market Grades. 
Address: Dep. of Agronomy.

1181. Boyes, J.; Bond, G. 1942. The effectiveness of certain 
strains of the soya-bean nodule organism when associated 
with different varieties of the host plant. Annals of Applied 
Biology 29(2):103-08. May. [13 ref]
• Summary: “In respect of a particular cross-inoculation 
group of leguminous plants, many different strains of the 
nodule organism exist, and though these may all produce 
abundant nodulation they vary greatly in their ability to 
benefi t a given host plant. Chen & Thornton (1940) conclude 
that the relatively insignifi cant fi xation of nitrogen produced 
by so-called ineffective strains of the organism is not due to 
any inherent defect in the nitrogen-fi xing mechanism of these 
strains; on the contrary, their results indicate that fi xation of 
nitrogen by unit of bacterial mass in unit time is of the same 
order for ineffective strains as for effective ones.” Address: 
1. Dep. of Botany, Royal Technical College, Glasgow; 2. 
Dep. of Botany, Univ. of Glasgow. Both: Scotland.

1182. Robertson, D.W.; Brandon, J.F.; Tucker, R.H. 1942. 
Facts about soybeans in Colorado. Colorado State College 
Extension Service. D-23. 4 p. May. Colorado Farm Victory 
Program.
• Summary: Contents: Introduction. Competing crops. 
Yield at the U.S. Dry Land Field Station, Akron, Colorado. 
Seedbed preparation. Method of seeding: Irrigated land, 
dry land. Rate of seeding. Date of seeding: Irrigated land, 
dry land. Inoculation of seed. Irrigation. Stages to soybean 
harvest. Harvesting methods.
 “The average yield of soybeans under irrigation [in 
Colorado] has been about 1,200 pounds/acre [20 bu/
acre]. In one test under dry-land conditions, soybeans 
failed three times in six years. In another [dry-land] test at 
Akron, covering the 9-year period between 1933 and 1941, 
inclusive, soybeans yielded 169 pounds per acre while pinto 
beans averaged 174 pounds... For crushing, Scioto [1,254 
lb/acre average irrigated yield at Fort Collins] and Minsoy 
[1,142 lb/acre] are the recommended irrigated varieties, 
while Manchuria, a brown-saddle variety, may be grown for 
feed.”
 Note 1. Vegetable varieties were tested but none were 
recommended. Note 2. This was also published in 1942 
as Miscellaneous Series No. 131. Address: 1. Agronomist, 
Colorado Agric. Exp. Station, Fort Collins, Colorado.

1183. Robertson, D.W.; Brandon, J.F.; Tucker, R.H. 1942. 
Facts about soybeans in Colorado. Colorado Agricultural 
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Bulletin, Miscellaneous Series No. 131 No. 131. 3 p. May.
• Summary: Contents: Introduction. Competing crops. 
Seedbed preparation. Method seeding: irrigated land, dry 
land. Rate of seeding. Date of seeding: irrigated land, dry 
land. Inoculation of seed. Irrigation. Stages to harvest 
soybeans. Harvesting methods.
 “Inoculation of Seed (p. 3): Soybeans should be 
inoculated with the soybean strain of legume bacteria before 
planting. This is especially necessary if they have not been 
grown in the fi eld before. Bacterial cultures may be obtained 
from commercial seed companies at a small cost. In treating 
soybeans, care should be taken not to soak the beans. 
Sprinkling a water mixture of the bacteria on the beans is 
advised. If treated this way, they can be planted immediately 
without drying.”
 Tables: (1) Yield at the U.S. Dry Land Field Station, 
Akron, Colorado (1933-1941 and average). Compares Black 
Eyebrow soybeans with pinto beans (in pounds per acre). 
Soybeans averaged 169 lb; pinto beans 174 lb (1 bushel of 
soybeans weighs 60 lb).
 (2) Varieties to plant–Yield at Fort Collins, Colorado. 
Scioto, Minsoy, Illini, Manchuria, Mukden. For crushing, 
Scioto and Minsoy are recommended irrigated varieties. 
Address: 1. Agronomist, Colorado Agric. Exp. Station, 
Fort Collins, CO; 2. Assoc. Agronomist, Offi ce of Dry 
Land Agriculture, U.S.D.A. and Superintendent of the U.S. 
Dry Land Field Station, Akron, Colorado; 3. Extension 
Agronomist, Extension Service, U.S.D.A., Colorado State 
College, Fort Collins, Colorado.

1184. Sears, O.H. 1942. Inoculation still pays. Soybean 
Digest. May. p. 7.
• Summary: “For many farmers, the inoculation of soybean 
seed with good commercial inoculants will be one of the best 
investments they can make in 1942. Because the cost is small 
in time and money and the gains are large for each acre, 
inoculation will return large dividends.
 “The goal for 1942 is three million more acres of 
soybeans than were grown in 1941. If this goal is attained 
or exceeded, as it is likely to be, a considerable part of the 
additional acres will be growing soybeans for the fi rst time. 
On such land, failure to inoculate the soybean seed may 
result in reduced yields of 5 to 10 bushels of beans to the 
acre. At the present price, the penalty for failure to inoculate 
would be high in dollars and cents.
 “On land where well nodulated soybeans have grown 
previously suitable nodule bacteria may not be present in 
suffi cient numbers to give maximum yields. The nodule 
bacteria do not survive long in soils which are distinctly acid 
or sour and, on such soils, to inoculate is to play safe.
 “Even on limed land where soybeans have been 
grown frequently, inoculation is still an economical form 
of insurance. Even though only one or two more bushels 
of soybeans are obtained per acre, with food production so 

important in the national defense program, it not only is 
profi table to inoculate–it is patriotic.
 “Good commercial inoculants are superior to any other 
form of inoculation. While soil served a useful purpose 
before satisfactory inoculants were available, maximum 
nodule development is not secured until two to four soybean 
crops are grown on the land. Good commercial inoculants, 
on the other hand, may be expected to give satisfactory 
nodulation the fi rst year. Consequently this is not the year to 
try soil inoculation.
 “Commercial inoculants are distributed in the form of 
agar (jelly) and humus cultures, and each has given good 
results when used according to the directions found on the 
inoculant container. It is important, however, to follow 
the directions given. If too much water is used, the seed 
coat of the soybean seed has a tendency to wrinkle and the 
cotyledons may break apart, thus impairing the stand. Even 
if this does not happen, wet beans seldom drill satisfactorily. 
There should be no diffi culty experienced, however, where 
the directions are followed correctly.
 “Even with humus cultures, best results are likely to be 
secured if water is used. While it is possible to obtain good 
results without water provided an even distribution of the 
humus on the seed is secured, on the average better results 
with the humus cultures are secured if applied with water.”
 A large portrait photo shows Dr. O.H. Sears. Address: 
Univ. of Illinois, Urbana.

1185. Agricola, J. 1942. Le monde merveilleux des 
azobacters [The marvelous world of the azobacters–nitrogen-
fi xing bacteria]. Revue Internationale du Soja 2(12):185-89. 
May/June. [Fre]
• Summary: Prior to the year 1875, the physico-chemical 
study of arable land constituted the only basis of agronomy.
 From that time, under the infl uence of the discoveries of 
Louis Pasteur, the soil began to be envisioned, not as an inert 
mineral mass, but as a place teeming with microorganisms.

1186. Zahnley, J.W. 1942. Soybean production in Kansas. 
Kansas Agricultural Experiment Station, Bulletin No. 306. 
31 p. Sept. (Bulletin No. 282, revised).
• Summary: This is a revised edition of Bulletin No. 282, 
fi rst published in 1939. Soybean production in Kansas has 
increased since 1940 due to war conditions.

1187. Farlow, Helen. 1942. Whiting farm has weed-free 
beans. Courier (Champaign-Urbana, Illinois). Oct. 18. p. 14.
• Summary: Soybeans on the 100-acre farm (near Ludlow, 
Illinois) owned by A.L. Whiting, though planted in rows and 
cultivated throughout their growing period, are nearly weed 
free.
 “The farm has been owned by Dr. Whiting for the last 
four years, and during the last three years has been occupied 
and farmed by Harold Zehr and managed by Joe Johnson.” 
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Dr. Whiting keeps careful and elaborate records on each 
farm, and uses a new planting method for these soybeans–
sowing them 4 inches deep with a furrow opener.
 Large photos show: (1) Harold Zehr standing in a fi eld 
and showing the strong roots of the soybean plants grown on 
the 160-acre fi eld.
 (2) Harold Zehr standing in an unusually fi ne fi eld 
of soybeans on the farm owned by Dr. A.L. Whiting near 
Ludlow; Zehr farms the crops. He is comparing the height 
of soybean plants with the adjacent corn, and the unusual 
growth can be seen.

1188. Yoder, R.E. 1942. Summary of selected Ohio 
experiments on corn and soybean fertilization. Ohio 
Agricultural Experiment Station, Depart of Agronomy 
Mimeograph No. 82. 10 p. Oct. 30. See p. 5-10. Presented at 
Ohio Fertilizer Conference, Ohio State University.
• Summary: Soybeans yielding 25 bu/acre remove 25 lb/acre 
of phosphorus and 30 lb/acre of potash–more of each mineral 
than corn, oats, or wheat. “From the viewpoint of mineral 
removal, the soybean is the most potent soil depleting grain 
crop commonly grown in Ohio.” In addition, despite the 
fact that the soybean is a legume, it depletes soil nitrogen 
supply and destroys soil organic matter at rates comparable 
to corn. It is useless to waste fertilizer on soybeans unless 
the soil carries an abundant supply of active lime (calcium). 
“Soybeans leave the land in a loose, highly erodible 
condition with less than half as many roots to bind the soil 
as would be left by an average crop of corn.” Address: Chief 
Agronomist, Ohio Agric. Exp. Station, Wooster, Ohio.

1189. Arnold, H.C. 1942. Soya beans. Rhodesia Agricultural 
Journal 39(5):384-90. Sept/Oct.; 39(6):418-32. Nov/Dec.
• Summary: Contents: Notes on cultivation. Edible and 
manufacturing varieties. Strain [variety] trials: Hernon No. 
18, No. 107. Soil and rainfall conditions: The humus content 
of soil seems to be of great importance. Fertiliser trials. 
Inoculation with specifi c bacteria. Material for inoculating 
the seed. Seed inoculation: The dry soil method, the muddy-
milk method. Sowing the seed: Early sowing is best.
 Part II: How to sow. Distance planting trials. Depth of 
sowing. Weeding. Harvesting. Comparison of yields of soya 
beans with those of maize. Market prospects. Method of 
using and nutritive value. Soya beans produce more protein 
per acre than other food crops. Palatability trials. Green 
soya beans as vegetables. Fodder varieties: Jubiltan (black 
seeded) and Hernon strains. Rate of sowing. Harvesting: The 
retention of seeds in the pods. Summary.
 Using 12 inch, 18 inch, and 24 inch spacings in 
Rhodesia, he consistently got his best yields from the 12-
inch spacings, even in droughty conditions, but he also 
commented that this spacing precluded mechanical tillage. 
Address: Manager, Agric. Exp. Station.

1190. Saunders, A.R. 1942. Legumes in crop rotation. 
Farming in South Africa. 17(199):622-23. Oct.
• Summary: “The practice of growing legumes in rotation 
with other crops is centuries old and forms an integral part 
of well established agricultural systems. Its foundation is 
not only the value of the crops as food for man and beast, 
but also their ability to take nitrogen from the air and fi x it 
in the soil through the agency of symbiotic, nodule-forming 
bacteria.”
 Page 622: “Cowpeas and Soyabeans. Apart from 
lucerne, which has, perforce, to be grown mostly under 
irrigation, the most important legumes for hay are cowpeas 
and soya-beans. In the main, cowpeas are best suited to the 
drier parts of the summer rainfall area and soya-beans to 
the high rainfall localities, including the coastal belt: Both 
crops have the same high feeding value and are the equals of 
lucerne when cut at the right stage and properly cured. Their 
soil requirements are approximately the same as for maize, 
and although they respond well to phosphatic fertilizers it 
is suggested that such quantities as are available be used on 
the non-leguminous crops, leaving the legumes to depend 
on residues left over from previous applications.” Address: 
Deputy-Director of Production.

1191. Schiller, Clara. 1942. Conseils aux planteurs de Soya 
Espagnols [Advice to soybean planters in Spain]. Revue 
Internationale du Soja 2(14):237-44. Sept/Oct. [5 ref. Fre]
• Summary: Miss Clara Schiller was a scientifi c 
experamentalist for the I.G. Farben Co. We all know the 
important part of this remarkable industrial fi rm in the 
development of soybean cultivation in the Balkans.
 A table shows the nutritional composition of fi ve 
common legumes; the soybean contains much more protein 
and vegetable oil than the others. Soy fl our is also richer 
in nutrients than wheat fl our. Soy oil is relative rich in 
unsaturated fatty acids and lecithin. In Spain, shortly after 
the civil war (1936-1939), very advanced and extensive 
testing was done using numerous soybean varieties imported 
from the United States, Germany, Romania, and France. 
but it goes without saying that we are still very far from the 
results we need. So much remains to be done. We will only 
achieve these aims if the Spanish farmers with land suitable 
for growing soybeans (soya) agree to collaborate with us.
 On page 240 is an outline map of Spain on which are 
eight zones. Zones 1, 2, and 6 are in the warm south. The 
suitability of each zone for soybean production is discussed 
in detail.
 The writer then discusses: Choice of terrain. Nitrogen 
fi xation and inoculation. Fertilizer. Planting: Time, depth, 
space between seeds in a row, space between rows, ways of 
cultivation, the harvest. Threshing. Enemies and diseases. 
The weevil (Le charançon; la bruche) is the main enemy of 
the soybean.
 On page 245 is a list of Spanish-language publications 
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about soybeans. Address: Managing Engineer, Soybean 
Department in Madrid (Ingeniero-Gerente du Départment du 
Soya à Madrid).

1192. Dickinson (Albert) Co. (The), Farm Laboratory Div. 
1942. Again Nod-O-Gen proudly presents its sales record 
(Ad). Soybean Digest. Nov. Inside front cover.
• Summary: “The sales of Non-O-Gen for inoculating Soy 
Beans have grown steadily for many years–before 1937 and 
since. As indicated by the chart [graph], the growth during 
the past fi ve years has been spectacular.” On the x-axis of the 
this graph are the years 1938 to 1942. But there are no units 
on the y-axis so the graph is almost meaningless. Address: 
Chicago, Illinois.

1193. Hutcheson, Thomas B. 1942. Soybean production. 
Virginia Agricultural Experiment Station, Bulletin No. 345. 
14 p. Dec.
• Summary: Contents: Introduction. Uses of soybeans. 
Soybeans for soil improvement. Varieties of soybeans. Soil 
adaptations. Preparation of seed bed. Method of planting. 
Time of planting. Inoculation. Fertilizers and lime for 
soybeans. Cultivation. Rotations for soybeans. Methods of 
harvesting soybeans. Address: Agronomist, Blacksburg.

1194. Schiel, Enrique; Marca, Pedro R. 1942. Infl uencia de 
la infeccíon de la soja con Rhizobium japonicum, sobre el 
rendimiento y calidad del forraje [Infl uence of the infection 
of soybeans with Rhizobium japonicum on the yield and 
quality of the forage]. Reviista Argentina de Agronomia 
9(4):284-91. Dec. [Spa]*

1195. Fisher, R.; Sammet, K.; Poschenrieder, H. 
1942. Beziehungen zwischen Naehrstoffaufnahme, 
Knoellchenbildung und Taetigkeit der Knoellchbakterien 
bei der Sojabohne unter dem Einfl uss wechselnder 
Duengung [Relationship between nutrient intake, nodule 
development and the effectiveness of nodule bacteria in 
soybeans under varying levels of fertilizer]. Bodenkultur und 
Pfl anzenernaehrung 27(4):181-97. [4 ref. Ger]
Address: Anhaeltischen Versuchsstation, Staatlichen 
Landwirtschaftlichen Forschungs- und Untersuchungsanstalt, 
Bernburg.

1196. Potash Journal (The). 1942. Soybeans: A war crop. 
5(6):6-9.
• Summary: Soybeans have become a war crop because of 
the urgent need for increased domestic production of oils.
 “So far there has been comparatively little fertilizer 
used on soybeans. This is partly due to the common belief 
that soybeans are a poor-soil crop and as such do not need 
fertilization. It is true that soybeans will grow on soils more 
acid and lower in fertility than many other crops, but this 
does not mean that they will not benefi t from proper liming 

and fertilization. Schuster and Phillips of the Delaware 
Experiment Station found that the yield of unfertilized beans 
over an 11-year period averaged 11.4 bushels per acre. The 
use of 100 lbs. of fertilizer analyzing approximately 0-12-9 
increased the yield an average of 6.6 bushels of beans per 
acre. One hundred pounds of fertilizer analyzing about 3-16-
12 increased the yield an average of 8.4 bushels of beans. 
Yields were not maintained during an 11-year period of the 
work, the authors concluding that the rather light fertilization 
was not suffi cient to meet the needs of the crops. Lime was 
only moderately benefi cial in this work but Albrecht of the 
Missouri Experiment Station has shown that when soybeans 
are grown under a defi ciency of lime the plants do not 
fi x nitrogen from the air, and lose many of their desirable 
characteristics as a legume. The result is a plant of very low 
feeding value.
 “When the plant food removed by soybeans is compared 
with the little or no fertilizer commonly applied to the crop, 
it will be seen that instead of being a crop highly benefi cial 
to increasing soil fertility it is in fact a soil-depleting crop 
under most conditions. Lucas at Purdue University has 
shown that a bushel of soybeans contains about a pound of 
potash and three-quarters of a pound of phosphoric acid. 
Other investigators have reported even higher content. Thus 
a 25-bushel crop of beans would remove at least 25 lbs. of 
potash and 18 lbs. of phosphoric acid from the soil even if 
all the straw were left on, the land. If the crop is harvested 
for hay, heavier drain on the soil minerals is made. A 2-ton 
hay crop removes about 40 lbs. of potash and 30 lbs. of 
phosphoric acid. Part of this plant food may be returned to 
the soil as manure later in the rotation but probably not over 
half will fi nd its way back to the fi eld, and crops immediately 
following the soybeans may not get any of it.
 “These fi gures show that the crop certainly must be 
fertilized to maintain the fertility of the soil, in addition to 
the increased yield and improved quality of the crop that 
are obtained if proper fertilization and lime are provided as 
shown by the other references quoted. While their nitrogen–
fi xing ability may make the soybeans self-suffi cient for this 
nutrient, the phosphate, potash, and calcium must come 
from the soil. Unless the nutrients removed by the crop are 
replaced, the soil is that much poorer. Moreover, Albrecht’s 
work shows that if the plant does not have suffi cient mineral 
nutrients, it will not be able to get its nitrogen from the air.”
 Tables show: (1) Acreage and production of soybeans in 
the United States from 1929 to 1941 (preliminary), including 
acreage harvested for beans. (2) Acreage and production 
of soybeans in leading states, 1939, 1940, and 1941 
(preliminary). The top 4 states in 1941 are Illinois, Iowa, 
Indiana, and Ohio.
 A large graph shows production of soybean oil in the 
United States, 1930-1939. It rose from about 35 million lb in 
1933 to more than 500 million lb in 1939.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   559

© Copyright Soyinfo Center 2018

1197. Appleman, M.D. 1942. Effect of seed treatment on 
nodulation of soybeans and peas. Soil Science Society of 
America Proceedings 6:200-03. For the year 1941. [5 ref]
• Summary: On the title page of Vol. 6: “Containing papers 
presented at the meeting held in Washington, D.C., Nov. 12-
14, 1941.”
 Three seed disinfectants were used: “New Improved 
Semesan Jr., New Improved Ceresan, and Cuprocide.” It 
was found that satisfactory inoculation was produced on 
soybean and pea plants grown from inoculated seed treated 
with Semesan. “Cuprocide prevented inoculation on soybean 
and canning pea plants. Ceresan decreased nodulation on 
canning peas but not on soybean plants. All nodulation was 
of the lateral root type where seed disinfectants were used, 
although taproot nodulation was obtained upon the untreated 
inoculated controls.”
 Note: Seed disinfectants are used to control mould and 
bacterial diseases on untreated seeds. They are designed 
to increase the germination rate but they may interfere 
with inoculation. Address: Assoc. in Soil Biology, Dep. of 
Agronomy, Illinois Agric. Exp. Station, Urbana, Illinois.

1198. Fivel, Paul. 1942. La panacée au jardin–Petite guide de 
culture et d’emploi du soja [The panacea of the garden: Little 
guide to the cultivation and use of soya]. Albertville, France: 
Rey-Gorrez. 24 p. 21 cm. [3 ref. Fre]
• Summary: Contents: To the reader (purpose of booklet, 
recommends 3 books about soja in French, comparative 
composition of the soybean). Introduction. The cultivation of 
soja in France (neither diffi cult nor new): The soil, fertilizer, 
placement of the seeds, preparation of the soil, choice 
of varieties, how to plant the seeds, digging the soil and 
weeding, the harvest, enemies and adversaries, rotations (fi ve 
are given), use as a garden plant (all the above is about use as 
a farm crop), yield.
 The soybean and nitrogen: Nitrogen, nitrogen-fi xing 
bacteria, inoculation, advantages of inoculation.
 Let’s move on to the cuisine: Introduction, soynuts 
(cacahuetes), serious cuisine (using cooked whole soybeans, 
in salads, with butter, in croquettes, au gratin, ground in 
cakes). Uses of soy fl our: Ground soynuts for breakfast, 
homemade soy fl our, cake(s), soy crottes. Soy sprouts.
 Note: Albertville, France is about 100 miles east and a 
little south of Lyon in southeast France. Address: France.

1199. Giraud-Gilliet, J. 1942. Le soja, aliment d’avenir: 
manière de le cultiver; 2 à 300 façons de le consommer 
[Soya, food of the future: How to cultivate it; 200-300 ways 
to consume it]. Saigon: Imprimerie de C. Ardin. 285 p. 
Index. [Fre]
• Summary: Contents: Dedication. Introduction. Part I: 
Summary study of soya (the soybean): Its cultivation. 1. 
The nature of soya: Its area of expansion. 2. Cultivation of 
soya: Soil, manure & fertilizer, seeds. 3. Interest in soya: 

Its richness in nutritive elements and comparison with other 
foods. Various possibilities for utilization: therapeutic uses 
for hygiene and diseases (vegetarian diet, diabetes, beriberi, 
diseases of the nervous system, anemia, slimming, milk diet), 
agricultural uses for fi xation of nitrogen in the soil and as 
a fertilizer, use in the feeding of animals (green forage, dry 
forage, soybean cake, fl our, seeds, germinated seeds, straw 
and pods, soymilk, milk), industrial utilization (soybean 
oil and its derivatives, glycerine, soy casein), use as human 
food (whole dry soybeans, soy sprouts, soybeans mashed or 
ground after they are cooked, soybeans cracked or crushed 
before they are cooked, fermented soybeans, soymilk, 
soymilk derivatives / foods made from soymilk {tofu / dâu-
phu, yuba / tao hu ky, dry yuba rolls / phu chuc, beverages}, 
edible oil), utilization for social work (drops of milk, bowls 
of soya, inexpensive restaurants, battle against malnutrition 
and degeneration, for school gardens, pagodas, waste lands).
 Part II: The main soyfood products and how to prepare 
them at home. 1. Soymilk, soymilk curds (tau hu hoa), small 
white cheeses (petits fromages blancs {dâu-hu miêng}), 
folded sheets of yellow yuba (feuille jaune plissée de crème 
de soja {dâu-hu ky vang}), white sheets of yuba (feuille 
blanche unie {dâu-hu ky trang}), dried or smoked yuba 
(plaquettes séchées ou fumées {dâu-hu ky ngot}), fermented 
tofu–like cream cheese (fromages fermentées: cancoillotte 
comtoise au soja). 2. Soy fl our: Roasted soy fl our, soy bread, 
sojenta (soy polenta), pasta (soy vermicelli and vermicelli of 
mung beans {dâu xanh} or song than). 3. Soy condiments. 
Solid condiments: natto and douchi (taotché), condiments 
that are pastes: miso and doujiang (tao tjiung) and koji [sic, 
not a paste but used to make miso, doujiang, shoyu, and 
jiang-you], liquid condiments: shoyu, jiang-you (tsiang 
yeou), (tao yu), ketjap (Indonesian soy sauce), Vietnamese 
soy sauce (tuong).
 Part III: Recipes. 1. Introduction: Essential 
recommendations, the cookery of the poor, comparative 
cuisine, general recipes. 2. Soups and paps. 3. Hors 
d’oeuvres and salads. 4. Vegetables. 5. Meat, fi sh and egg 
dishes. 6. Breakfasts, sweets, and desserts.
 Conclusion. Appendix. Errata. Address: Administrateur 
des S.C. de l’Indochine; Vietnam.

1200. Jouven, Maurice. 1942. Les plantes à huiles [Oil-
bearing plants]. Paris: Editions de Montsouris. 160 p. See p. 
82-101. Illust. No index. 18 cm. Series: Collection Rustica. 
[Fre]
• Summary: Contents related to soy: Part V: Exotic oil-
bearing plants susceptible to cultivation in France. 1. The 
soybean–Characteristics of the plant, Origin and distribution. 
Importance of the crop. Varieties (overseas and developed 
for France). Composition of the plant (as for green forage). 
Climate. Nature of the soil. Elements needed from fertilizers. 
Manure / fertilizer (engrais).
 2. Cultivation of soybeans–Place in the crop rotation. 
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Preparing the soil. Planting. Transplanting. Nitrogen fi xation, 
incl. inoculation and nitrogen-fi xing bacteria. Cultural styles 
(façons culturales). Enemies of the soybean.
 3. Harvesting the soybean–Threshing. Yield. Storage.
 4. Utilization of the soybean–As animal feed. As 
human food. Soy fl our. Soy bread. Soy oil. The soybean as 
a vegetable [green vegetable soybeans]. Condiments (made 
with molds, such as soy sauce. The Chinese consume each 
year 700 to 800 million liters of soy sauce). Various other 
products (soy chocolate, soy coffee, soy wine, fermented 
soymilk). Industrial uses (soaps, candles, paints, soy 
casein for sojalithe, artifi cial petroleum, soy gasoline {by 
distillation of the petroleum}).
 Organizations actively involved with soya: (1) Institut 
National du Soja, 5, rue de Logelbach, Paris 17eme. (2) 
Institut Agricole et Industriel du Soja, 13, rue des Saussaies, 
Paris 8eme. (3) Centre National de Soja, 8, cours de 
Gourgues, Bordeaux. (4) Revue Internationale du Soja, 
(Editions E.-V. Letzgus, 97, rue Saint-Lazare, Paris 9eme).
 Illustrations show: (1) A soybean plant with enlarged 
pods (p. 83). (2) A weeder (Extirpateur) (p. 89). (3) Many 
ways to plant soybean seeds (p. 93). (4) Devices for drying 
soybean forage (p. 96).
 5. The peanut.
 6. Castor-oil plant, sesame seed, and niger seed 
(Guizotia oleifera / abyssinica). Address: Ingenieur 
Agronome.

1201. Kerpely, Antal. 1942. A szojabab es egyeb pillangosok 
ojtasa [The inoculation of soybeans and other leguminosae 
(papilionaceae)]. Kolozsvar. 32 p. [36 ref. Hun]
Address: Hungary.

1202. Kurnik, Ernö. 1942. Szojatermesztési és ojtási 
kisérletek [Soybean cultivation and inoculation experiments]. 
PhD thesis (Doktori ertekezes), Budapest. Szemes and 
Eckstein, publisher (imprint). [Hun]*
Address: Hungary.

1203. Löbbe, Henrique. 1942. Cultura da soja no Brasil. 6a 
ed. [Culture of soybeans in Brazil. 6th ed.]. Rio de Janeiro, 
Brazil: Serviço de Informaçao Agrícola, Ministerio da 
Agricultura. 35 p. 23 cm. 4th edition, 1939, 33 p.; 7th ed., 
1945, 74 p. [Por]
• Summary: Contents: History (in East Asia, Europe, and the 
USA). Markets. Soybean trials in Brazil (from March 1921 
at Campo de Sementes de Sao Simao). Letter dated 28 Sept. 
1926 from W.J. Morse of the USDA to Dr. Henrique Lobbe 
(after Lobbe’s visit with Morse to Arlington Farm [Virginia], 
Morse sent Lobbe one ounce each of 51 varieties of named 
American soybeans, plus 17 varieties of cowpeas). Table 
showing the 48 varieties of soybeans tested at Sao Simao 
in 1927, with the dates of planting, germination, fl owering, 
maturation, and harvest, days to maturity, resistance to pests 

(vagens), height of the plant, and yield (in grams). Botanical 
description. Nomenclature (in Brazil the soybean is called 
“soja,” “feijao China,” “ervilha oleaginosa do Japao,” “feijao 
Japones,” and “fava da Mandchúria”). Varieties (divided 
into 5 groups from very early [80-90 days] to late [130-150 
days]). Green manure. Climate and soil. Chart showing 
products of the soybean (from Piper & Morse, The Soybean 
1923). Preparation of the soil. Inoculation with bacteria. 
Sowing. Chemical fertilizer. Things to be careful of during 
cultivation. Diseases and pests. Harvest and yield. Cost of 
cultivation. Use as forage. Chemical composition of the 
seeds. Oil. Cake. Use as a food for humans: Hahto and 
Easycook, soy sauce, soymilk and tofu (leite e queijo de 
soja), use in diabetic diets, soy fl our. Address: Brazil.

1204. Mumford, H.W. 1942. A year’s progress in solving 
farm problems of Illinois, 1937-38. Illinois Agricultural 
Experiment Station, Annual Report 51:1-350. For the year 
ended June 30, 1938.
• Summary: Soybeans are discussed in the following 
sections and pages: Introduction (p. 5-6; “Phenomenal 
growth in the Illinois acreage of soybeans, largely as a result 
of the station’s investigations and encouragement, can be 
cited as an outstanding example in production adjustment. 
Not quite two decades ago only about 15,000 acres of 
soybeans were grown in this state, while in 1937 more than 
two million acres were in this crop. More than half of the 
total volume of soybean produced was grown in Illinois. 
Only 17 years ago the fi rst car of domestic soybean oil 
produced in the state was sold on the Chicago market. In 
1937 about 170 million pounds of this oil were processed 
in Illinois and about 490,000 tons of soybean oilmeal 
manufactured”).
 Soils and crops investigations: Farm practices determine 
effects of soybeans on soil (p. 38-39; “When farm practices 
are properly adjusted to prevent erosion, soybean plantings 
need not be injurious to the soil”). Soybean investigations 
at Illinois extend over 40 years (p. 39-40; “Studies on 
production have been conducted for the most part at DeKalp 
in northern Illinois, at Urbana in central Illinois, and at 
Alhambra in the southwester part of the state.” Tests include 
rates and methods of seeding, age of seed). High-yielding, 
early maturing varieties of soybeans sought (p. 40-41; By 
C.M. Woodworth). Nodulated legumes save $33 million 
dollars in Illinois (p. 42; “Investigations with the Peking 
soybean and its nodule bacteria have shown that of the two 
strains of this variety that have now been isolated, one is 
very easily nodulated and the other is almost completely 
resistant to the action of nodule bacteria. Reasons for this 
unsatisfactory nodulation have not yet been discovered”). 
Good inoculants available to Illinois farmers (p. 42-43; “To 
insure satisfactory results in the fi eld, tests of commercial 
inoculants sold in Illinois are carried on systematically year 
after year...” Farmers should “make certain that the cultures 
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they obtain are suited to the seed to be inoculated and that 
they have not been exposed to direct sunlight”). Hail injury 
shown to delay and reduce soybean yields (p. 77-78).
 Livestock investigations: Sows and pigs thrive on rye 
pasture, corn and supplement (p. 99-10; “This supplement 
consisted of a mixture of two parts tankage and one part of 
soybean oilmeal).
 Dairy investigations: Hybrid corn, legume crops again 
prove valuable for silage (p. 147; legumes include soybeans). 
Higher yields from dairy pastures obtained in tests (p. 147-
48; Includes soybeans).
 Agricultural economics investigations: Trend is toward 
smaller combines (p. 200-01; Soybeans made up 74% of the 
6,635 acres on which records were secured”). Methods of 
growing and harvesting soybeans compared (p. 244-47; The 
wheatland disk, sometimes called the one-way plow, was 
found superior to the mouldboard plow, which is commonly 
used on Illinois farms. The three-plow tractor was compared 
with the two-plow tractor).
 Home economics investigations: Green soybeans [fresh] 
deteriorate rapidly in storage (p. 308-11; “Beans held at 
room temperature lost fl avor more rapidly than those held 
in refrigerators. The Hokkaido variety was rated as being 
‘very good’ when it was eaten during the fi rst 24 hours after 
harvesting,...).” Table 110, titled “Loss of sugars in green 
soybeans during storage” (vacuum-dry basis) has 4 columns: 
(1) Varieties (Hokkaido, Illini). (2) Length of storage after 
harvest (6 times, from 1 to 72 hours, room temperature or 
refrigerated). (3) Reducing sugars (%). Total sugars (%). 
Palatability rating (from very good to poor).
 “The methods of utilizing soybeans for human 
consumption are rapidly becoming numerous. However, 
vegetable varieties are still in the experimental state in the 
Occident, and are not generally available.”
 Both fresh and dry soybeans with a high sugar content 
were found to rate highest in palatability. Address: Dean and 
Director of the Station, Urbana, Illinois.

1205. Reed, Howard S. 1942. A short history of the plant 
sciences. Waltham, Massachusetts: Chronica Botanica Co. 
312 p. [262* ref]
• Summary: Excellent information on the lives of the early 
botanists, including Mr. Hagerty (translator of Chinese for 
the USDA). Chapter 6, The Seventeenth Century, discusses 
the work, the tragic life, and the undefeatable spirit of 
Rumphius. In chapter 7, The Eighteenth Century, under 
“Progress in Plant Classifi cation,” is a brief biography 
and discussion of the work of Carolus Linnaeus (1707-
1778). Chapter 9 titled “Plant Geography” discusses the 
contributions of de Candolle. Chapter 19 titled “Plant 
Pathology,” contains information directly related to the 
history of research on soybean diseases. Address: Prof. of 
Plant Physiology, Univ. of California, Berkeley.

1206. Comptoir Agricole de Centre. 1942? Soja: Haricot 
de Chine [Soya: The bean of China (Leafl et)]. Chareauroux 
(Indre), France. 2 p. Front and back. Undated. [Fre]
• Summary: This organization now sells an expanded list of 
soy products: 1. Seeds: Soja hatif de Chéron (early, brown 
seeded), Soja VAH (for forage), Soya–special for amateurs. 
2. For livestock feeding: in sacks of 50 kg. 3. Human food: 
Whole soybeans for dry roasting, dry soybeans, stabilized 
soy fl our, Diasoy–Soy fl our for baking, Sojannia–breakfast 
sweetener, Grillsoy–Roasted soybeans.
 On the other side of this leafl et is a “Notice of soybean 
cultivation” by the Groupement Interprofessionnel des 
Oléaginoux Metropolitains (Palais de la Foire, Lyon); it 
gives a basic description of how to grow soybeans: Soil 
and climate, preparation of the soil, fertilizer, inoculation 
of the seeds, planting. In the USA soybean area increased 
from 350,000 ha in 1924 to 2,395,000 ha in 1941. Address: 
35, Rue Ledru-Rollin, Chareauroux (Indre), France. Phone: 
1077.

1207. La culture du soja [Cultivation of soybeans]. 1942? 
Bordeaux, France. 2 p. Unpublished typescript. Undated. 30 
cm. [Fre]
• Summary: Contents: 1. The soil. 2. Climate. 3. Preparation 
of the soil. 4. Planting: For seeds, for forage. 5. Yields. Note: 
Inoculation. Address: Bordeaux, France.

1208. Laboratoires Charret-Tomasi. 1943. Vaccinograines 
[Vaccinograines (legume inoculants) (Brochure)]. Lyon, 
France. 8 panels. Jan. 17 cm. [Fre]
• Summary: Discusses inoculants and how to inoculate 
various legumes, incl. soybeans. Address: 23-25, Rue de 
Cuire, Lyon (4eme), France. Phone: B. 81-53.

1209. Norman, A.G. 1943. Inoculate your soybeans: survey 
indicates one fi eld in four or fi ve is not inoculated or is not 
inoculated properly. Farm Science Reporter (Ames, Iowa) 
4(1):14-15. Jan.
• Summary: A table shows that 63 fi elds were sampled in 
Hardin County compared with 75 fi elds in Monona County.
 79% of the soybeans were well inoculated in Hardin 
County vs. 75% of the beans in Monona County.
 13% of the soybeans were poorly inoculated in Hardin 
County vs. 9% of the beans in Monona County.
 Nodules were absent on 8% of the soybeans in Hardin 
County vs. absent on 16% of the beans in Monona County.
 A photo shows a well nodulated soybean plant, out 
of the ground, well washed, upside down and with large 
nodules at the base of the stem and on the upper, thicker 
roots. Address: [Iowa Agric. Exp. Station].

1210. Swaby, R.J. 1943. Inoculation of legume seed. 
Agricultural Gazette of New South Wales 54(1):9-13. Jan.
• Summary: Contents: Introduction. Legumes and root 
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nodule bacteria. Artifi cial inoculation. Groups of root nodule 
bacteria (seven groups, the 7th being the “Soybean group”). 
Cost of inoculation. The necessity of superphosphate and 
lime. Root nodule bacteria in the soil. Value of inoculation. 
Summary.
 Of the seven photos: (1) Root nodules on soybean. 
(7) Effect of inoculation on soybeans (inoculated plant 
and uninoculated plant). Table 2 shows the infl uence of 
inoculation on many legumes, incl. Easy Cook [Easycook] 
soybeans at Glen Innes. Yield increased 13%. Address: 
M.Agr.Sc., B.Sc., Asst. Bacteriologist.

1211. Balzli, Jean. 1943. Microbiologie et agriculture 
[Microbiology and agriculture]. Revue Internationale du 
Soja 3(16):15-16. Jan/Feb. [Fre]
• Summary: This article begins: In his book The 
Unrecognized Infl uences (Les infl uences méconnues) (Paris, 
1942, Librairie Larousse), Dr. Henry Bouquet, whose 
popular works have already done a great deal of good, has 
entitled the fi rst chapter: Terrestrial infl uences. He speaks of 
the infl uence they can have on the physiology and pathology 
of man, the structure–chemical composition, permeability, 
stratigraphy and dislocation of the bark–the land where he 
was born and on which fl ows his existence. And he adds that 
many veterinarians have done similar studies on animals. 
“We have already seen that races are largely conditioned 
by the soil, and we know that races (les races) are more 
or less sensitive to the ills which beset humanity and react 
differently to morbid factors.”
 Like all living organisms, microbes are very sensitive 
to pH. It is always in the vicinity of neutrality (pH 7) that 
nitrifi cation is optimum. PHs greater than 7 correspond to 
basic or alkaline media; less than 7 betray acidity. In the fi rst 
case, we are dealing with OH- ions. In the second case, we 
are in the presence of H+ ions, in the free state. Very acidic 
soils as well as very alkaline soils must be considered as 
sick, since the majority of the cultivated plants show their 
optimum growth around neutrality. Therefore, not only 
acidity but also alkalinity must be remedied, since alkaline 
soils are even more toxic than acid soils. It should be added 
that in virgin soils pH values ranging from 5.5 to 9.5 have 
been observed, while the cultivated lands indicate values 
between 5 and 8. I remind readers that the breeding of the 
daisy (Bellis perenis) and also that of the sorrel (Oxalis 
autosella) reveal the acidity of the soil (glèbe).
 These notions of immense scope being still too little 
known, we often return to them. Re-read the articles on our 
periodical already published on this topic: Azotobacters and 
Nitragination (No. 4). Nitragination in the Hot Seat (No. 6), 
Some Insights on the Physico-Chemical Requirements of 
Soybeans (No. 7), and The Wonderful World of Azobacters 
(No. 12). The war has left us terribly poor, the yields of our 
fi elds must be increased. Now, to achieve this, we will have 
to give up the routine and do scientifi c farming: not purely 

physico-chemical, but biological. We will intensify and 
constantly stimulate the microbial life of our soils.
 In this area, almost everything is still to be done. We 
will often have progress to report. We will quote some even 
today. In an earlier article (Some Insights on the Physico-
Chemical Requirements of Soya, No. 7), trace elements are 
of immense importance to living organisms: man, animals 
and plants. I have, in particular, shown that minimal or 
even infi nitesimal quantities of boron stimulate the activity 
of azobacters that allow legumes to capture and fi x large 
amounts of atmospheric nitrogen directly assimilable, 
because it is nitric. Now, Mr. W. Holzweissig. to which we 
already owe the excellent azobacterial cultures Radicine, 
has just made available to farmers a product–named Ravite–
which contains not only trace elements, but also vitamins, 
auxins and hormones.
 Ravite stimulates the soil microfl ora so that it produces 
optimum work and, as a result, the crop is increased. 
Modern techniques of plant stimulation and plant forcing 
have shown that the administration of vitamins, auxins and 
hormones promotes and accelerates the development of the 
root or other organs of the plant. Even hetero-hormones 
and hetero-auxins produce remarkable effects. Auxines 
particularly stimulate growth. These are substances that 
control the distribution of growth materials without altering 
their total quality. They are therefore agents of chemical 
correlation. Some auxins have, moreover, been chemically 
defi ned, as, for example, auxin a and auxin b. Auxin a or 
auxentrological acid has the following formula: C18H32O5. 
Auxin b or auxeoenological acid corresponds to the formula: 
C18H30O4.
 Apart from the auxinic product Ravite, M.W. 
Holzweissig has just created a mixed microbial preparation 
called AZ. This mixed bacterial culture contains azobacter, 
radiobacter and some other microorganisms, the two species 
of which like society. AZ does not work in acid soils. Before 
granting it to an acid ground, it must be limed: it will burn 
with lime.
 The AZ product, into which the Ravite preparation is 
incorporated, is administered directly to the seeds. But we 
act differently for tubers and rhizomes. Here, the microbial 
cultures are inoculated in the fi eld.
 I’m not going to go into all the details. Address: PhD, 
France.

1212. Nitragin Company (The). 1943. Make every soybean 
fi eld a nitrogen factory (Ad). Soybean Digest. Feb. Back 
cover.
• Summary: A large graph shows the rapid increase in soy 
bean acreage from 1937 (6 million acres) to 1942 (14 million 
acres). The line of the graph is orange.
 “The rapid increase in the acreage of soybeans is shown 
in this chart, based on USDA reports. The sale of Nitragin 
inoculation has increased correspondingly.”
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 A large photo shows healthy nodules growing on the 
roots of a soybean plant.
 “These root nodules serve as ‘Nitrogen factories’ on 
soybeans and other legume plants. The photograph below 
shows a soybean root with nodules produced by effective 
strains of Nitragin inoculation.”
 “With our customary sources of many vegetable oils cut 
off by the enemy, soybeans loom as one of our most critical 
crops. At the same time another critical shortage is arising 
in nitrogen fertilizers. Much of the nitrates formerly used in 
commercial fertilizers are now needed for explosives. But 
our soybean crop is capable, if properly inoculated, of storing 
as much nitrogen in the soil as would be supplied in any 
ordinary application of fertilizer. While much of this may be 
removed when the crop is harvested, it still is better to grow 
a legume which derives so much of its nitrogen supply from 
the air instead of taking it from the soil as non-leguminous 
crops do.
 “The importance of inoculating with specifi c soybean 
strains of nitrogen-fi xing bacteria has been emphasized by 
agricultural authorities again and again. Since the results 
cannot be determined in advance the soybean grower must 
buy his inoculant on faith. That soybean growers have this 
faith in Nitragin is evidenced by its unquestioned sales 
leadership, its long service to farmers (over 43 years), and 
its unequaled laboratory facilities for the production of 
dependable, high-quality legume inoculants.
 “Your Protection. The name Nitragin is a registered 
trade-mark put on every can. It identifi es for you the only 
inoculant containing Nitragin’s highly effective strains of 
legume bacteria. This trademark is your protection.”
 A bright orange illustration shows a can of Nitragin 
inoculant. On the front of the can is written: “Many billion 
legume bacteria. Highest quality at lowest cost.”
 Note: This is the earliest Nitragin ad seen (Sept. 2016) in 
which the color orange is used. Orange would soon become 
Nitragin’s distinctive identifying color. Address: 3872 North 
Booth St., Milwaukee, Wisconsin.

1213. Wanner, Ernest. 1943. Un bon rendement grâce a 
nitragination [A good harvest thanks to inoculation and 
nitrogen fi xation]. Revue Internationale du Soja 3(16):17-19. 
Jan/Feb. [Fre]
• Summary: Radicin did the job of inoculation at the 
experimental station of Zurich-Oerlikon. Address: Paradiso-
Lugano, Tessin, Switzerland.

1214. Agricultural Laboratories, Inc. 1943. Inoculants can 
help the war effort: Legume-Aid. The inoculant in the carton 
(Ad). Soybean Digest. March. p. 3.
• Summary: A full-page ad. “Nitrogen is an essential for 
soil fertility as well as for explosives. Experienced farmers 
know that legume crops can easily rob the soil of nitrogen 
instead of building up the supply, unless the plants fi nd 

suffi cient quantities of the right kind of nodule-forming 
bacteria in the seed bed. That’s why such farmers invariably 
inoculate Soy Beans, Clover, Alfalfa, Peas, Beans, Vetch, 
Lespedeza, Peanuts and all other legume crops at planting 
time. But since war conditions have caused a great increase 
in legume acreage, those who practice legume inoculation 
can help the war effort by likewise preaching it to their less 
wise neighbors. If this is not done, many legume crops may 
wholly or partially fail. And what is even worse, there may 
be serious fertility depletion on countless farms. Inoculation 
costs so little per acre that it is cheap insurance in the drive 
for victory.
 “Nodule forming bacteria are not universal in action. 
Different varieties of legumes require different strains of 
bacteria for effective partnership in fertility production. 
Excellence of laboratory technique fi rst made Legume-Aid 
an outstanding brand name among inoculants. Then fi ve 
years ago came the improvement in packaging that brought 
Legume-Aid fame as ‘The Inoculant in the Carton.’ A sealed 
inner bag of modern moisture-retaining material protects the 
humidity of the bacterial humus.
 “A carton in turn protects the inner bag. Each carton is 
plainly labeled as to variety, stamped with guarantee date, 
and has directions for use printed on it. This package is both 
easier to handle and more convenient to open for use. And in 
these days when tin, glass and similar packaging materials 
are scarce, the Legume-Aid carton makes certain that there 
will be no scarcity of high quality inoculants at planting 
time. If your dealer cannot supply Legume-Aid, write us 
direct for complete information.”
 A photo shows a box of Legume-Aid. With one hand, 
a man holds the box, while lifting out the clear bag of its 
contents with the other. Address: 1191 Chesapeake Ave., 
Columbus, Ohio.

1215. Demolon, A.; Dunez, A. 1943. Nouvelles observations 
sur fi xation symbiotique de l’azote et l’inoculation des 
légumineuses [New observations on symbiotic fi xation of 
nitrogen and inoculation of legumes]. Annales Agronomiques 
13(1):48-60. Jan/March. 5th Mémoire. [12 ref. Fre]
Address: France.

1216. Demolon, Albert; Dunez, Antoine. 1943. Observations 
sur le mécanisme de la symbiose bactérienne chez les 
Légumineuses [Observations on the mechanism of bacterial 
symbiosis with legumes]. Comptes Rendus des Seances de 
l’Academie des Sciences (Paris) 216(9):312-13. March. 
Meeting of 1 Feb. 1943. [2 ref. Fre]
• Summary: The pulp of aseptic soybeans roots inoculated 
with Bacillus radicicola were examined for proliferation of 
the bacteria. Address: France.

1217. Leonard, Lewis T. 1943. Benefi cial bacterial 
relationships. Soybean Digest. March. p. 4-5.
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• Summary: “One of the fundamentals of our cropping 
system which has come down through the centuries is the 
association of leguminous plants with minute plants called 
bacteria. When this partnership started is unknown but 
written history indicates farmers of long ago observed that 
soil from a fi eld in which a particular legume plant grew 
satisfactorily was of value in assisting the growth of the 
same crop elsewhere. The reason therefor was unknown but 
later as methods in chemistry and bacteriology were found 
and refi ned, it became possible to prove that this relationship 
consisted of bacteria and plant, and that it was a natural 
means of utilizing the nitrogen gas of the atmosphere for 
plant growth. Of our crop plants the legumes, which include 
soybeans, alfalfa, vetch and many others, are the only 
ones through which air nitrogen is made available and on 
account of this fact they have become very important in our 
agricultural economy.
 “Sources of Legume Bacteria: When associated with 
the plant the bacteria of legumes live in root growths called 
nodules or tubercules (see illustration). At the death of the 
plant or even before under certain conditions, these growths 
rot and thereby pass the nodule bacteria to the soil again. 
This impregnates the area around the roots and soil from this 
place may be satisfactory for use elsewhere.
 “It is fortunate that legume bacteria may be isolated 
from nodules and grown in the absence of other organisms 
on artifi cially prepared food. This process requires special 
skill in bacteriology and special laboratory facilities. When 
one kind of bacteria is grown separate from others, it is 
called a pure culture. Pure cultures of legume bacteria are 
the means of collecting and maintaining organisms from 
different legumes and locations. Once obtained they may be 
tested for relationship to legumes other than the one from 
which they came, or for effi ciency by application to related 
legumes in greenhouse and fi eld. On the basis of ability to 
produce nodules on certain legumes only, these bacteria 
are separated into groups. Thus, the alfalfa group includes 
alfalfa, sweet clover and bur clover bacteria; the clover 
group, red, crimson, white and alsike clover organisms; and 
the vetch group, bacteria of vetches, garden, sweet and fi eld 
peas. Soybean bacteria are in a group by themselves and 
therefore function only on the soybean.
 “About fi fty years ago the fi rst commercial cultures 
appeared. Much of this material was of poor quality and 
therefore did not enhance the cause of legume inoculation. 
However, within the last 20 years great improvements have 
been made in the commercial preparation of nodule bacteria 
cultures. This change is largely due to a better understanding 
of the subject, the employment of a highly skilled production 
personnel, better basic materials such as cultures and 
carriers, and better facilities for manufacture and control. 
The legume culture business has made its greatest expansion 
in the United States and facilities are now available for 
meeting promptly almost any demand.

 “Quality: Commercial cultures, or inoculants as they are 
sometimes called, are available under various trade names. 
Usually they may be procured from seedsmen or local farm 
organizations in season.
 “Effi ciency in nodule bacteria cultures is based on 
ability to fi x nitrogen from the air rather than on nodule 
formation alone. It is a matter of delicate adaptation of 
bacteria to plant and for that reason organisms ranging from 
high to low effi ciency are found.
 “Since quality in inoculants cannot be easily determined, 
the farmer must largely depend upon the integrity of the 
manufacturer for a satisfactory product. To prevent the sale 
of undesirable material some state agencies and the U.S. 
Department of Agriculture conduct annual inspections on 
samples of the available commercial inoculants. In general, 
it is indicated from these inspections that the present quality 
of inoculants is excellent. Freshly prepared material is 
desirable and to prevent old cultures from being delivered to 
the farmer, an expiration date is usually placed on the label. 
After this date the package should not be bought or sold.
 “Methods of Application: ‘Inoculation’ from an 
agricultural crop standpoint, is a term used to describe 
the treatment of seed or soil with nodule organisms. The 
important point about this process is to place effi cient 
bacteria in goodly numbers where they will be in the best 
position to contact the roots as they form. This is most 
easily accomplished by seed treatment. Inoculation may be 
made with soil, as practiced by the primitive farmers and 
satisfactory results obtained. The more recent soil transfer 
method consists of sieving a large amount of inoculated 
soil and drilling or scattering it on the fi eld to be treated. 
This extensive method entails considerable effort in soil 
collection and is a means of distributing weed seeds and 
disease organisms. Soil may also be used in small quantities 
by mixing with seed, with or without adhesives. One of the 
main objections to soil transfer of any kind, in addition to 
those already mentioned, is the doubt that usually arises as to 
its suitability.
 “The soil transfer method of inoculation has been 
largely superseded by the use of commercial legume bacteria 
cultures. The manner of applying these is usually printed 
on the package and it should be followed closely for best 
results. Soybeans and other legume seed are usually planted 
on a relatively small scale by independent farmers so that the 
hand method given in the commercial culture directions, or a 
process of local devising will do the job satisfactorily.
 “Conditions Affecting Nodule Bacteria: Widespread 
distribution of these organisms by natural means and through 
the use of artifi cially prepared cultures brings them in 
contact with many soil and climatic conditions which may 
affect their activities. In the absence of a legume crop for 
a long time, its nodule bacteria in the soil may disappear 
or lessen in numbers to such an extent that satisfactory 
inoculation would not take place were the legume planted 
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again. Extreme soil acidity is usually detrimental to nodule 
bacteria. However, they differ in their ability to withstand 
acid conditions, the soybean bacteria being more tolerant 
than those of alfalfa and clover. Excessive drying of seed 
is harmful to nodule bacteria. Unnecessary exposure to 
sunlight should be avoided. Seed treated with nodule bacteria 
should not come into direct contact with caustic lime, seed 
disinfectants or concentrated fertilizers.
 “The Necessity and Value of Nodule Bacteria for 
Soybeans: On account of the fact that the soybean is an 
introduced crop which requires bacteria not supplied by any 
of our common crop legumes, it is especially desirable that 
seed be treated with the proper bacteria when planted for the 
fi rst time. If soybean crops have been grown successfully 
on a farm, it is a question for local decision whether the 
artifi cial introduction of bacteria is advisable. Where doubt 
exists as to this point, it will be good insurance to inoculate. 
Nodule bacteria make possible good growth of soybeans on 
poor lands without the addition of nitrogenous fertilizer and 
often constitute the difference between success or failure. 
On richer soils, however, the contrast between noduled and 
unnoduled soybeans may not be great but since the plant 
in the absence of its bacteria feeds like a non-legume, the 
nitrogen in the unnoduled plant comes from the soil, not the 
air.
 “By virtue of greater and richer yields due to inoculation 
of soybean seed, greater amounts of oil and other products 
will result. To reach the maximum goals set for soybean 
growers, soybean seed should be treated with good quality 
inoculating material at the time of planting and planting 
should be made in soils prepared in accordance with the best 
practices of the community.”
 Black-and-white photos show: (1) The lower part of a 
soybean plants and its roots with nodules in the surrounding 
soil. (2) A fi eld of soybeans. The center two rows are not 
nodulated; the two rows on right and left are nodulated. 
Address: Bacteriologist, Soil and Fertilizer Investigations, 
Bureau of Plant Industry, U.S. Dep. of Agriculture.

1218. Nitragin Company, Inc. (The). 1943. July 22. 35 days 
later. Help beat the nitrogen shortage with Nitragin (Ad). 
Soybean Digest. March. Back cover.
• Summary:  See next page. To the right of each date is a 
fi eld of soybeans, split vertically down the middle into two. 
The light-colored left half is not inoculated, whereas the 
dark right half (which looks much taller and more hardy) 
is “inoculated with Nitragin.” “This photo of Nitragin test 
plots at an Eastern Experiment Station, taken July 22, shows 
heavier growth and darker color due to good inoculation. 
Weeds are gaining rapidly on the thin, less vigorous stand of 
uninoculated soybeans.”
 “By September 1, weeds had completely smothered the 
nitrogen-hungry crop, Not inoculated. Nitragin that cost 12¢ 
an acre made this difference. On fertile land, uninoculated 

legumes may look about as good as an inoculated crop–but 
remember, legumes without inoculating bacteria must get 
their nitrogen by robbing the soil; inoculated legumes get 
theirs from the air.”
 “Four-fi fths of the air is nitrogen–vital element needed 
now to increase crop production. The one practical way to 
make this nitrogen available for plant growth is through 
legumes inoculated with effective strains of nitrogen-fi xing 
bacteria. An acre of well-inoculated soybeans, it is estimated, 
can gather as much nitrogen as is contained in 1,000 or more 
pounds of commercial mixed fertilizer.
 “This important ability of soybeans, clover, alfalfa, 
peas and other legumes depends on the presence of the 
Right legume bacteria. That’s why it is important that every 
planting of legumes be inoculated with Nitragin. Nitragin 
contains only selected, tested strains of bacteria produced 
in the largest, most complete laboratory of its kind in the 
world.”
 A bright orange illustration shows a can of Nitragin 
inoculant. On the front of the can is written: “Many billion 
legume bacteria. Highest quality at lowest cost.” Address: 
3872 North Booth St., Milwaukee, Wisconsin.

1219. Soybean Digest. 1943. AAA to stress inoculation. 
March. p. 5.
• Summary: “The U.S. Department of Agriculture, through 
the AAA [Agricultural Adjustment Administration], is 
stressing the general need of soybean inoculation this spring, 
according to word received by The Digest.
 “Although the AAA, due to ‘administrative problems,’ 
has not accepted Editor Geo. M. Strayer’s suggestion that 
benefi t payments be made for proof of soybean inoculation, 
local committeemen are being requested by the Washington 
offi ce to stress the need for legume seed inoculation, using 
the information available from their state experiment 
stations, the agricultural extension service, and other local 
sources.
 “Following is the reply of M. C. Townsend, Director 
of the Food Production Administration, to Editor Strayer’s 
letter:
 “Department of Agriculture, Washington
 “Mr. George M. Strayer
 “Secretary
 “American Soybean Association
 “Hudson, Iowa
 “Dear Mr. Strayer:
 “This is in reply to your letter of January 23 with respect 
to the possibilities of increasing soybean production through 
the proper inoculation of all soybean seed.
 “Your suggestions to require proper inoculation of all 
beans to be planted in 1943 and to make practice payments 
for all such inoculation raises several administrative 
problems. There are indications that the compulsory 
inoculation of seed to be planted in old soybean fi elds which 
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were once inoculated would not be justifi ed and it is certainly 
not practical to determine which fi elds need inoculation. 
Determination of compliance would be extremely diffi cult 
because of lack of tangible evidence of the operation of 
inoculation.
 “Therefore, at this time it does not appear to be practical 
to require that all soybean seed be inoculated or to provide a 
practice payment for this purpose. However, the importance 
and need of inoculants are being emphasized through the 
educational programs in connection with the Department’s 
efforts to increase soybean production.
 “Your interest and suggestions are very much 
appreciated.
 “Sincerely yours, M. Clifford Townsend, Director Food 
Production Administration.”

1220. Wing, David G. 1943. Inoculation used a thousand 
years ago. Soybean Digest. March. p. 13.
• Summary: Inoculation was probably used by Chinese 
soybean growers a thousand years ago. They were, no doubt, 
“in the habit of planting on ground where beans had been 
raised before or were sprinkling their new seedlings with soil 
from a fi eld already inoculated.
 “One of my fondest memories of growing soybeans 
dates back to about 1910 when my father and uncles were 
raising beans for seed and hay. The varieties, such as 
Mikado, Mongol, Ito San and Sables are out of existence 
now but still we always even then carried soil from an old 
fi eld in sacks to inoculate the new seedings. How I despised 
as a boy the sacking up of this soil for shipment to growers 
who wanted to do the right thing and get what few bacteria 
they could out of our old soybean fi elds. Early soybean 
enthusiasts drove many miles in those days to get their start 
of bacteria in this way.
 “Modern methods: Then came the period of prepared 
inoculation made by grinding the nodules themselves taken 
from the roots of a soybean plant. This was practiced for 
several years and was quite successful until our modern 
laboratories learned to grow these same bacteria on suitable 
cultures by a very much more effi cient process.”
 “I think most of us can tell a fi eld which has not been 
inoculated by its light green or yellowish color, as we drive 
by in a car.”
 A photo shows David G. Wing. Address: 
Mechanicsburg, Ohio.

1221. Andrews, W.B.; Briscoe, Charles F. 1943. The 
response of vetch and soybeans to strains of nodule bacteria. 
J. of the American Society of Agronomy 35(4):271-78. April. 
[5 ref]
• Summary: “The classifi cation of leguminous plants into 
cross-inoculation groups facilitates the use of effi cient 
cultures by farmers.”
 “If soil bacteriologists would accept effi ciency in 

nitrogen fi xation as a criteria [sic, criterion] for cross 
inoculation groups, divisions of cross-inoculation groups 
based on the effi ciency of nodule bacteria would be in 
order.”
 “Summary and conclusions: Soybeans were inoculated 
with strains of nodule bacteria with large differences in 
effi ciency and grown on limed and unlimed soil... The data 
show that:
 “1. There was a good correlation between the increase 
in yield and the increase in nitrogen content of soybeans 
receiving different strains of nodule bacteria on unlimed soil.
 “2. There was no correlation between the increase in 
yield and nitrogen content of soybeans receiving different 
strains of nodule bacteria on limed soil.” Address: 1. Assoc. 
Agronomist; 2. Bacteriologist. Both: Dep. of Agronomy 
(Soils Div.), Mississippi Agric. Exp. Station, State College, 
Mississippi.

1222. Dunez, Antoine. 1943. Résultats obtenus par 
l’inoculation des semences dans la culture du Soya [Results 
obtained by inoculation of seeds in soybean cultivation]. 
Revue Internationale du Soja 3(17):51-53. March/April. 
[Fre]
• Summary: A large table shows the effect of inoculation 
on the yield of many different French soybean varieties. 
Address: Head of work on microbiology, National Center of 
Agronomic Research, Versailles [France].

1223. Gay, H. 1943. La culture du soya en Tunisie [Soybean 
cultivation in Tunisia]. Revue Internationale du Soja 
3(17):31-41. March/April. Also in: Bulletin de la Direction 
des Affaires Economiques, 2nd trimester, 1936. [Fre]
• Summary: Contents: The environment. Climatic factors 
affecting soybean trials during 1932-34 near Tunis. Varieties 
tested during these years: white seeded and colored, early 
and late, those suited for grain vs. forage. Design and 
implementation of the trials. Results of the trials: Infl uence 
of the date of planting, of spacing, of the soil type, of the 
fertilizer used, of the bacteria used for inoculation, combined 
action of the fertilizer and bacteria, of irrigation, crop 
management, harvest and yield (of seed and forage; the 
highest seed yields came from Mansoy, Virginia, Illini, and 
Mandarin; the highest forage yields came from Virginia, 
Laredo, and Tarheel Black), the infl uence of soybean culture 
on the following wheat crop. Enquiry and investigation of 
farmers who grew soybeans in other parts of the country 
(1932-34). Notice and advice concerning soybean varieties 
and cultivation addressed to farmers in 1934.
 Trials of the utilization of soybean products: Soymilk, 
tofu (le fromage de soya), soy coffee, whole dry soybeans 
and soy nuts (Soya Légume, soya salés et grillés), soybean 
forage. Conclusions. The results are inconclusive. Special 
thanks goes to Mr. Serge Livoff, Mr. Chabrolin, and Mr. 
Parisot. The latter is directeur du Domaine des Fermes 
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Françaises de l’Oued Tessa. Address: Conseiller a la 
Direction des Affaires Economiques de Tunis.

1224. Nitragin Company, Inc. (The). 1943. 6 reasons why 
Nitragin is the most widely used inoculant (Ad). Soybean 
Digest. April. Back cover.
• Summary:  See next page. (1) “Nitragin Sales Climb 
Every Year: Nitragin was the fi rst commercial inoculant in 
the world. Since 1898, Nitragin has been the leader in sales, 
establishing new, high records each year.”
 (2) “Laboratory Most Modern: Nitragin legume bacteria 
are produced from selected strains under scientifi cally 
controlled conditions, in the largest laboratory of its kind in 
the world.
 (3) Contains Only Selected Tested Legume Bacteria: 
The nitrogen-fi xing ability of the legume bacteria in Nitragin 
is determined by inoculating and testing plants in the 
Nitragin Company’s own greenhouse.
 (4) Field Tested: Actual fi eld tests furnish the fi nal proof 
of the effectiveness of Nitragin inoculation, as shown by 
increased yields, higher protein content, and quality of the 
seed and crops.
 (5) Scientifi c Packaging: Nitragin’s container maintains 
the quality of the inoculant, tests show bacterial growth 
continues in the moist humus and the number of bacteria is 
actually increased after packing.
 (6) Soybean Research: Results of soybean inoculation 
research, farm tests, and experiment station fi ndings are 
published in folders prepared by Dr. Lewis Erdman, Nitragin 
bacteriologist. Write for copies.
 Each of the 6 reasons is printed in black ink on an 
orange background. Above each of these 6 reasons is a photo 
to illustrate it. For example: (1) A graph. (2) The inside of a 
modern laboratory, etc. In the lower right corner is an orange 
illustration of a can of Nitragin, with a note stating that 
“Nitragin” is a registered tradename.
 “Legume inoculation must be purchased on faith. You 
can’t see inoculating bacteria without a microscope and there 
is no way to compare the effectiveness of different brands 
before you buy. That’s why your best guarantee of quality in 
an inoculant is its past performance and the reputation of it’s 
maker.
 “Nitragin is the oldest, most widely used inoculant 
for soybeans and other legumes. Farmers have had Faith 
in Nitragin for over 40 years. To build and improve the 
effectiveness of Nitragin, scientists carry on an extensive 
program of research and testing to fi nd better strains of 
nitrogen-fi xing bacteria and to improve the product in other 
ways. It will pay you to keep these facts in mind when 
you buy inoculation.” Address: 3872 North Booth St., 
Milwaukee, Wisconsin.

1225. Norman, A.G.; Browning, G.M. 1943. Inoculate for 
more and better soybeans: helps southwest Iowa acre yield 

of beans, oil and protein; contour planting is helpful. Farm 
Science Reporter (Ames, Iowa) 4(2):15-16. April.
• Summary: This experiment was made in an area which had 
not previously grown any soybeans. It was an almost level 
area of Marshall silt loam in southwest Iowa. “The beans 
were planted in 21-inch rows and comparisons were made 
between 14 inoculated and uninoculated plots.
 “By mid-July the uninoculated beans could easily 
be picked out because of the lighter color of their leaves, 
which during August turned almost yellow and were shed at 
maturity well before those on the inoculated plants.
 “At $1.50 per bushel the increase in yield of 31 percent 
which we obtained was worth $6.90 per acre.”
 Inoculating soybeans: (1) Increased the yield of 
soybeans by 31%, to 19.3 bu/acre from 14.7 bu/acre. (2) 
Increased the protein content of the soybeans by 11% to 
35.1% from 31.5%. (3) Increased the protein production per 
acre by 47%, to 407 lb from 278 lb. (4) Decreased the oil 
content of the soybeans by 5% to 20.2% from 21.4%. (5) 
Increased the oil produced per acre by 24% to 235 lb. from 
189 lb. (6) Increased the nitrogen in the bean straw residues 
per acre by 29% to 23.0 lb. from 17.8 lb.
 “It took about $14 worth of commercial nitrogen 
fertilizer to get as good yield from beans that were not 
inoculated as from those growing alongside, which had been 
inoculated–at a cost of less than 20 cents.
 Searches for intermediate products in the nodules have 
proven fruitless. Address: [Iowa Agric. Exp. Station].

1226. Soybean Digest. 1943. Grits and fl akes from the 
industry: F.J. Matchette of Nitragin Co. died. April. p. 13.
• Summary: F.J. Matchette, age 80, “a partner in The 
Nitragin Co., Milwaukee [Wisconsin] producers of plant 
inoculants, died in New York on Feb. 24. Mr. Matchette 
was a brother of L.D. Matchette, the active manager of the 
Milwaukee fi rm. The deceased was active in fi nancial circles 
in New York where he made his home.”

1227. Urbana Laboratories (The). 1943. Inoculate your soy 
beans with Urbana Culture: Soy beans for victory (Ad). 
Soybean Digest. April. p. 13.
• Summary: This ½-page ad shows a large fi eld of soybeans. 
The left half looks dark and healthy; the right half looks 
yellowish. A sign on the left states: “Soy beans inoculated 
with Urbana Culture.” A sigh on the right states: “Soy beans. 
Not inoculated.” The caption reads: “It is just good business 
to inoculate and use the free nitrogen of the air.” Address: 
Urbana, Illinois.

1228. Planiol, M. 1943. Notes sur la Soja [Notes on soya]. 
Paris. 36 p. May 12. Unpublished typescript. 30 cm. [Fre]
• Summary: These notes, based largely on extracts from 
existing publications, were compiled in Paris during the 
month before publication on May 12.
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 Contents: A word of introduction: History 
of personal interest in soybeans, and sources. 
The soybean around the world: Climate, 
acclimatization (USA, Central Europe, France, 
England). Characteristics and varieties. The soil. 
Preparation of the soil. Fertilizer. Inoculation. 
Date of planting. Planting practices (Pratique 
des semailles). Maintenance practices (Façons 
d’entretien). Date of harvest. Harvesting. Soybean 
yields. Storage and preservation. The soybean as a 
food. Green forage and pasture. Soybean hay–its 
production. Soybean hay–its consumption. Mixed 
forages. The soybean for ensilage. Soybean seeds 
as animal feeds. Soybean cake. Soybean straw. 
Effect of fertilizers on soybeans. Enemies of 
soybeans. Photoperiodism and its discovery. Views 
of the future. Henry Ford and the soybean.
 In the Introduction, the author explains that 
upon arriving in Enfi daville [Enfi da, a town in 
northeast Tunisia] in Oct. 1912 for a course in 
agriculture, he fi rst heard about soybeans at the 
Colonial School of Agriculture (l’Ecole Coloniale 
d’Agriculture) in Tunis, where the crop was being 
studied. In July, in the region of Mornag, he had 
seen the fi rst fi eld of soybeans (Mammoth variety), 
which had made a strong impression on him.
 In 1920, I happened to come into contact 
with Léon Rouest, a true misunderstood genius 
who would die a poor man in 1938, after battling 
tirelessly for thirty years to promote soy (soya), 
spending six years selecting soybeans from 
the Soviets, creating some of our best soybean 
varieties and writing a book with Mr. de Guerpel 
that can no longer be found.
 In 1921 his contact with soya was interrupted 
for 20 years. Then in 1941 he rediscovered 
the soybean at Rennes, where Mr. Winter was 
Director of the Botanical Garden (Jardin des 
Plantes), and himself a remarkable geneticist and 
convinced experimentalist. Winter introduced 
Planiol to The soybean in France, by Blanchard, Marcel 
(1941), an excellent book. Blanchard was director of the 
Station for Seed Trials (Station d’Essais de Semences) at 
33 rue de Picpus in Paris, where he maintained a collection 
of many soybean varieties; in addition he had organized 
here a veritable headquarters for soybean trials conducted 
throughout France–and all of this (remarkably) on his own 
initiative.
 Mr. Winter introduced him to Mr. Cuisance at Reims. In 
late March 1943 Mr. Blanchard introduced him to many of 
the world’s key publications on soybeans–which he cites.

1229. Johnson, Howard W.; Koehler, Benjamin. 1943. 
Soybean diseases and their control. Farmers’ Bulletin 

(USDA) No. 1937. 24 p. May.
• Summary: The article is divided into three sections: (1) 
Leaf, stem, pod, and seed diseases; (2) Root and crown 
diseases; (3) Control measures. Brief accounts are given of 
following diseases: (1) Bacterial blight, bacterial pustule, 
pod and stem blight, frog-eye spots, brown spot, anthracnose, 
downy mildew, Alternaria leaf spot, arsenical injury, 
mosaic, chlorosis due to defi ciencies of potash, iron, and 
nitrogen, seed discolorations associated with Cercospora 
and Alternaria (2) Charcoal rot, sclerotial blight, Fusarium 
blight, root rots, and lightning injury. (3) Control measures 
include disease resistant varieties, crop rotation, disease-
free seed, seed treatment, and exclusion (constant vigilance 
is needed to prevent introduction of new diseases into the 
United States).
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 Concerning seed treatment (p. 23-24): “The results of 
tests to determine the value of seed treatment with chemical 
disinfectants in controlling seed-borne diseases of soybeans 
were reported by the North Carolina Agricultural Experiment 
Station in 1925 and 1926 and by the Delaware Agricultural 
Experiment Station in 1929. In North Carolina in 1925 
the application of formalin solution, corrosive sublimate 
solution, and Bayer dust to 2-year-old Mammoth Yellow 
soybean seed caused no appreciable reduction in the amount 
of bacterial leaf spot and downy mildew on the resulting 
plants. Formalin greatly reduced the stand of plants from 
these 2-year-old seeds, whereas corrosive sublimate and 
Bayer dust greatly increased the stand as compared with 
that from untreated seed. These effects on germination were 
observed again in North Carolina in 1926 with the Mammoth 
Yellow variety. In all the concentrations used, formaldehyde 
reduced the germination of the seed very materially, whereas 
solutions of Semesan and Uspulun, as well as Bayer and 
Semesan dusts, increased the percentage of germination. It 
was concluded from these 2 years’ results that formaldehyde 
should not be used as a disinfecting agent for soybean seeds 
and that the gain in germination due to the use of organic 
mercury disinfectants may be suffi cient to make soybean 
seed treatment profi table entirely apart from any benefi t 
accruing from control of seed-borne diseases.”
 “In 1942 the Oklahoma Agricultural Station reported 
that treating seeds of Virginia soybeans with Spergon and 
New Improved Ceresan was effective in preventing seed rots 
and pre-emergence damping off when the seed was sown in 
soil naturally infested with Rhizoctonia solani.”
 “Greenhouse tests were conducted at the Illinois 
Agricultural Experiment Station in 1940 with 23 samples 
of soybean seed, and Semesan Jr. and Cuprocide as 
disinfectants, and in 1942 with 13 seed samples, and Barbak 
C and Spergon as the disinfectants.”
 “Summarizing, it appears that suitable seed treatment 
will frequently improve the stand of soybeans, especially 
when the vitality of the seed is not very high. The use of 
certain disinfectants seems to be no deterrent to successful 
inoculation of the seed and subsequent solution.”
 Contains many photos of soybean diseases on various 
parts of the plant, including “Nematode root knot on a 
soybean plant grown in Monetta, South Carolina” (p. 20).
 Note: This is the earliest document seen (June 2010) 
that mentions Spergon, which is a fungicide used in treating 
seeds, made by United States Rubber Co., Naugatuck 
Chemical Division. Address: 1. Div. of Forage Crops 
and Diseases, Bureau of Plant Industry; 2. Chief in Crop 
Pathology, Illinois Agric. Exp. Station.

1230. Russell, F.P. 1943. How soybeans are grown in Cayuga 
county. Survey reveals cultural methods of growers. Farm 
and Home Bureau News, Cayuga Co., New York 29(5):1, 16. 
May. *

1231. Castelli, Tommaso. 1943. Les avatars de la culture du 
Soja en Italie [The misadventures of growing soybeans in 
Italy]. Revue Internationale du Soja 3(18):59-64. May/June. 
[11 ref. Fre]
• Summary: The article begins: There have many a number 
of attempts, aided by persistent propaganda, to introduce 
soybeans (le soja) in Italy. People have primarily emphasized 
the vegetable’s great versatility and the seed’s many uses.
 I will not discount the good work done by several very 
qualifi ed pioneers, and it would be dishonest not to mention 
the following authors’ publications: Mattei (1 [1919]), 
Bottari (2 [1923]), Vivenza (3 [1927]) and Pantanelli (4 
[1935]).
 However, despite the efforts of these promoters, soybean 
growing has hardly spread at all in Italy. Soybeans have even 
begun to elicit a certain feeling of repugnance–even greater 
than the initial reluctance.
 It seems to me that farmers around the world are 
generally opposed to introducing new crops, and even more 
so in Italy. The history of corn in Italy is a good example. 
In Southern Europe, corn met almost insurmountable 
resistance. And do you remember the obstacles faced by 
sugar beets? It was only after a number of delays, against 
stubborn opposition and through tireless propaganda that 
this plant was fi nally accepted, to the great benefi t of 
planters, in regions where it grows well. The result was an 
amazing industrial boom. However, I do not believe that this 
intolerance to change was the primary obstacle to growing 
soybeans on our peninsula.
 Although our farmers are prone to their routines and 
traditionalism, we must admit that their mentality has 
changed considerably over the last several years. For 
instance, they have worked continuously to identify and test 
new varieties of wheat. Consequently, the routine-driven, 
conservative mentality in an old farming country such as 
ours was very signifi cant 30 to 40 years ago, but nowadays, 
it plays a lesser role.
 From my perspective, there are many causes that are 
slowing the expansion of soybean farming in Italy. These 
causes are both technical and economic.
 The fi rst of these reasons is ignorance. People were not–
or are not–aware of soybeans’ growing requirements, and 
this profound lack of knowledge has very often led to total 
failures, even quite recently. It has even led to results that 
were totally contrary to those expected. The commendable 
authors cited above notwithstanding, Italian attempts at 
growing soybeans have more often failed than succeeded. 
Quite often, the seeds planted by farmers have come from 
the holds of ships returning from the Far East. Other times, 
forage varieties (variétés fourragères) have been mixed with 
seed soybeans (sojas à graines), or early soybeans (sojas 
précoces) had been mixed with late soybeans (sojas tardifs). 
One planter even sowed some seeds that were several years 
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old, and never had the pleasure of seeing the stalks grow.
 “The lack of root nodules has also hindered the 
expansion of soybean crops. I cannot lay out all of the 
reasons why the prepared and recommended nitrogen-fi xing 
products were ineffective. Suffi ce it to say that the research 
conducted in Italy by Vivenza in 1927 and by Rossi (5) in 
1929 has not yielded any results.
 This has meant that, with few exceptions, our soybean 
farmers have not had root nodules. Needless to say, this 
has prevented the expansion of this crop. Here is what A. 
Vivenza–one of the greats of Italian agriculture–said on 
the subject in 1927: “Before encouraging farmers to grow 
soybeans, we need to conclude the experimental phase of 
the issue, particularly concerning the legumes’ root nodules. 
This is essential for the success of the crops from an agrarian 
economic standpoint.”
 One other factor limiting soybean growth in Italy is 
economic. Several years ago, one quintal [100 kg] of wheat 
cost 120 Italian lire; one quintal of corn was worth over 
90 lire, but less than 90 lire were offered for a quintal of 
soybeans. Clearly, no Italian farmers could grow soybeans 
under these conditions. It was therefore primarily for 
economic reasons that this plant did not spread in Italy.
 However, for several years now, the price of soybean 
seeds (graines de soja) has increased considerably. This has 
allowed for a renewal in soybean-growing propaganda.
 When soybean seeds from the Far East began to run out, 
Central Europe and its partner Italy realized they needed to 
grow soybeans on site...
 Note: The text continues on to one more full page which 
we have not translated.
 Note: Perugia is a lake in Italy (see Trasimene) or 
a province of Umbria, Italy. Address: Prof., Institut de 
Microbiologie Agraire et Technique de l’Universite de 
Perouse (Perugia), Italy.

1232. Soybean Digest. 1943. 250 attend the War Conference: 
Cedar Rapids, Iowa, Sept. 5-7. Sept. p. 6-7, 34.
• Summary: “Resolutions on soy fl our and margarine. 
Announcement of government’s marketing programs. 
Speeches by Miller, Spry, Morse, Schultz, Kishlar, Iftner, 
Lloyd, Klein, Goss, Hollett, Rhoades and Berger in this 
issue. Food and Drug Administration not represented.
 “The War Conference or 23rd annual convention of 
the American Soybean Association, at Cedar Rapids, Iowa, 
September 5-7, brought 250 growers handlers, processors, 
governmental agents and other representatives of the 
soybean industry together for sessions that were highlighted 
by announcement of governmental soybean marketing and 
oil meal distribution programs, by resolutions condemning 
the Pure Food and Drug Administration’s soy fl our ruling 
and urging the repeal of federal taxes on margarine, and 
by thorough discussions of many other aspects of wartime 
problems confronting soybeaners.

 “The annual dinner held the evening of September 6 
featured delicious soy foods in addition to old-fashioned 
Iowa cornfed beef. A large share of the crowd stayed over 
until the next days for the tours of Cedar Rapids processing 
plants, which included the soybean mills of Honeymead 
Products Co. and Cargill, Inc., and in addition the Quaker 
Oats Co. mill and the corn processing plant of Penick & Ford 
[see photos of mills, Honeymeade p, 8 and Cargill p. 9].
 “As suggested by speaker Walter Berger, all of us hope 
that the day is not far distant when the soybean get-together 
will be fi lled with jovial stories, laughter and the hilarity of 
old times. But not this year. This is war. The conference was 
a serious occasion.
 “For president, J.E. Johnson, Champaign, Illinois, 
succeeded David G. Wing, Mechanicsburg, Ohio, who has 
headed the organization effi ciently for the past two years, 
while Johnson has served as vice-president. Howard Roach, 
Plainfi eld, Iowa, was elected vice-president. George M. 
Strayer, Hudson, Iowa, and J.B. Edmondson, Clayton, 
Indiana, were reelected secretary and treasurer respectively.
 “John Dries, Saukville, Wisconsin; Jacob Hartz, 
Stuttgart, Arkansas; and Ersel Walley, Fort Wayne, Indiana 
were reelected directors. New members to the board were 
Wing, the retiring president; Walter McLaughlin, Decatur, 
Illinois; John Sand, Marcus, Iowa; and Roy Monier, 
Carrollton, Missouri.
 “G.H. Banks, Osceola, Arkansas was chairman of the 
committee on nominations, Howard Roach on resolutions.
 “The Digest is fortunate in being able to carry all formal 
speeches given at the Conference, many of them virtually 
complete, in this issue. Report of Secretary, 1942-43 Fiscal 
Year:
 “I will not attempt this evening to give you a detailed 
report of the operations of the American Soybean 
Association during the past year. Those of you who are 
readers of the Soybean Digest are familiar with what 
has taken place. I would like to review the main projects 
which have been carried on during the year and to give my 
evaluation of them.
 “There has been greatly renewed interest in the food 
uses of soybeans and soybean products during the past year. 
Many new products have been offered on the commercial 
market. Because of the curtailment of supplies of many 
products, manufacturers have been looking for new lines. 
A large amount of attention has been focused on soybeans 
and soybean products by popular magazine articles. The 
inquiries received in the central offi ce as a result of these 
have required a large amount of time for replies. Hectic Year
 “The past marketing year has probably been the most 
hectic in the history of the American Soybean Association. 
The acreage of beans was the largest, by almost twice, ever 
produced in this country. The. extremely early frost created 
problems never before experienced. That frost together with 
operation under the governmental purchase programs taxed 
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the ingenuity of the entire industry.
 “One of the most important jobs confronting the 
American Soybean Association during the year was that of 
urging Commodity Credit Corporation and governmental 
grading offi cials to make adjustments in their grading 
program to allow for frost or green damage and enable the 
producer to receive the actual valuation of the bean, rather 
than the valuation established by previously determined 
irrelevant standards. One the editorial pages of Soybean 
Digest we consistently pointed out the necessity of adjusting 
the CCC program to allow for current developments. In the 
year which has intervened most all of our suggestions have 
been followed, in all or in part. Soybean growers have been 
consulted in the planning councils and have had a part in the 
development of the 1943 marketing program for soybeans.
 “During the winter and early spring months we 
consistently expressed the importance of proper inoculation 
of soybeans in order that we might produce the greatest 
number of bushels on limited acreage with the limited 
labor supplies available. AAA offi cials and inoculation 
manufacturers tell us that the demand for soybean 
inoculation in 1943 was far above that of any previous year. 
The yields should be likewise.
 “Severe Standards:
 “Feeling that the standards which were established for 
the marketing of the 1942 crop of beans were still too severe 
on matters of green damage and fi eld damage, we advocated 
revision of those standards. The 1943 program which will 
be announced here at this meeting includes the revision of 
discounts for both green damage and fi eld damage. We feel 
this to be one of our outstanding accomplishments of the 
year and this was possible only through the cooperation of 
such agencies as the Illinois Agricultural Association, the 
various state extension services and agronomy departments 
and CCC.
 “At the present time we have on our hands one of 
the most serious battles with which we have ever been 
confronted. For some unknown reason the Food and Drug 
Administration of the Federal Security Agency has ruled 
that soy fl our can not be used in bread in excess of ½ of 1 
percent. Many bakeries have been using greater percentages 
than this with marked success. Many industries, because 
of the emphasis upon balanced foods and the shortage of 
protein supplies, have been considering the use of soy fl our.
 “This fi eld is one which is just now opening up and 
which shows promise of providing huge markets for soy 
fl our both during and after the war. However, the Food 
and Drug Administration must be prevailed upon to 
change their ruling or we may as well cross this major 
market for soybeans off our list. The fi ght has only begun, 
and it may demand the assistance of the entire American 
Soybean Association membership before it is fi nished. The 
members of the board of directors have been extremely busy 
contacting members of Congress and governmental agencies 

concerning this ruling.
 “A year ago I informed you that we had turned our 
advertising solicitation over to the Ewing Hutchison 
Company in Chicago. The lineage of advertising carried 
during 1943 has been greater in every issue than during the 
previous year. The September issue, carrying the reports of 
this convention, will have twice as many pages of advertising 
and will be twice as large as any issue of the Digest we have 
ever published. It appears that if governmental curtailment 
of paper supplies does not hit us too hard we should be in a 
position to continue during 1943-44 with increasingly large 
schedules. We have been very pleased with our relationships 
with the Ewing Hutchison Company.
 “The Problem
 “The big problem confronting the American Soybean 
Association is the same as that which has confronted it in 
each of the last several years–adequate membership. To truly 
represent the soybean growers of America we should have 
the major proportion of them among our membership. Last 
year I told you that an active paid membership of 25,000 
growers was not an impossibility. If we are to be an effective 
organization we must work out some plan to increase the 
membership solicitation plan which will enable the American 
Soybean Association to represent all soybean growers 
and thus be infl uential in its accomplishments. We must 
provide suffi cient members to fi nance that type of program. 
The 1943-44 year is the one in which that plan should he 
formulated and carried through.
 “Respectfully submitted, Geo. M. Strayer, Sec’y 
American Soybean Ass’n.
 “Business Meeting:
 “Minutes, of the Annual Business Meeting of the 
American Soybean Association, September 5, 1943
 “The meeting was called to order in the Ballroom of 
Hotel Montrose at Cedar Rapids, Iowa, at 9:15 p. m. by 
President Wing. Secretary, Geo. M. Strayer, introduced by 
the president, made series of announcements concerning 
the next day’s convention activities, read his annual report 
and the fi nancial statement. The minutes of the last annual 
meeting, held at Purdue University on September 16, 1942 
were read and approved.
 “President Wing complimented Mr. Strayer upon his 
handling of the Association’s affairs during the year just 
ended, including his editorship of the Soybean Digest.
 Mr. Banks, chairman of the nominating committee, 
submitted a slate of offi cers for the next year as follows: 
President, J.E. Johnson; Vice President, Howard Roach. 
Secretary, Geo. M. Strayer; Treasurer, J.B. Edmondson. 
(Continued).

1233. Planiol, Maurice. 1943. Vue d’ensemble sur la culture 
du soya [Overview of the culture of soybeans]. Revue 
Internationale du Soja 3(20):104-36. Sept/Oct. [12 ref. Fre]
• Summary: Much of this long, detailed article consists 
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of quotations from other publications, many of them from 
the USA. Contents: A word of introduction (including 
important books about soy). The soybean around the world. 
The climate. Acclimatization: America, Central Europe, 
France, England (J.L. North, Royal Botanical Society of 
London, Henry Ford). Characteristics and varieties. The 
soil. Preparation of the soil. Fertilizers. Inoculation. Date of 
planting. Method and details of planting. Crop maintenance 
(weeding and dealing with disease). Date of harvest. 
Method or practice of harvesting. Soybean yields (17-27 
quintals/ha is considered good). Storage and conservation. 
The soybean as a food (in East Asia, in Europe). Forage 
and pasture. Soybean hay and how to produce it. Soybean 
hay–consumption. Mixed forages. The soybean for silage / 
ensilage. Soybean plants with their beans intact as feed for 
animals (e.g. hogging off). Soybean straw. The fertilizing 
effect of soybeans (by fi xing nitrogen in the soil). Soybeans 
in crop rotation. Enemies of the soybean (including rabbits). 
The selection of soybeans according to Léon Rouest (his key 
book is Le Soya française. Rouest also discusses Le Jardin 
Potager, by Pierre Joigneaux, which does not mention the 
soybean). Photoperiodism and its discovery. Views of the 
future. Henry Ford and soybeans.

1234. Morse, W.J.; Stuart, W.M., Jr. 1943. Vegetable 
varieties of soybeans. Washington, DC: Div. of Forage Crops 
and Diseases, Bureau of Plant Industry, USDA. 6 p. Nov. [12 
ref]
• Summary: Contents: Introduction. Nutritive value of the 
soybean. Classifi cation of varieties as to use and maturity 
(very early is 100 days or less; very late is 161 days or 
more. The two types by use are “green vegetable” and “dry 
edible”). Soil and climatic adaptations. Preparation of the 
seedbed. Fertilizers and lime. Inoculation. Time of seeding. 
Method, rate, and depth of seeding. Cultivation. Harvesting 
and shelling green vegetable beans. Harvesting and threshing 
mature beans. Utilization: Shelled green soybeans, mature 
soybeans. Enemies of soybeans. Seed supplies of vegetable 
varieties. Publications.
 “About 10 years ago agricultural explorers in the Orient 
collected more than 100 varieties of soybeans that were 
used solely as green vegetable or dry edible beans. The term 
‘vegetable varieties’ has been applied to such edible types 
to distinguish them from varieties grown for other purposes. 
These varieties, differing in size, shape, and color of seed 
and ranging in maturity from 85 to 165 days, have been 
under test for the past 8 or 9 years at various experiment 
stations throughout the United States and its insular 
possessions.
 “In extensive tests of the cooking quality and 
composition of the green and dry soy beans made by the 
Federal Bureau of Home Economics and by the Departments 
of Home Economics of various agricultural colleges and 
experiment stations, the vegetable varieties have proved 

to be much superior to the fi eld varieties in fl avor, texture, 
and ease of cooking. Some varieties have also been judged 
superior for the manufacture of bean milk, fl our, and other 
food products.”
 “Classifi cation of varieties as to use and maturity.” 
“The recommended uses and classifi cation as to the length 
of growing season of the following vegetable varieties are 
based on observations made at Arlington Farm: [Arlington, 
Virginia]: A table shows:
 Very early (100 days or less): Green vegetable: Agate, 
Giant Green, Hidatsa, Sac, Sioux. Dry edible: Giant Green, 
Sac.
 Early (101-110 days): Green vegetable: Bansei, Chusei, 
Etum, Goku, Kanro, Kanum, Waseda. Dry edible: Bansei, 
Chusei, Etum, Goku, Kanro, Kanum, Waseda.
 Medium Early (111-120 days): Green vegetable: 
Emperor, Fuji, Hakote, Hiro, Hokkaido, Jogun, Kura, Osaya, 
Sato, Shiro, Sousei, Suru, Tastee, Toku, Willomi, Wolverine. 
Dry edible: Emperor, Fuji, Hokkaido, Jogun, Osaya, Sousei, 
Suru, Toku, Willomi, Wolverine.
 Medium (121-130 days): Green vegetable: Funk 
Delicious, Hahto, Illington, Imperial. Dry edible: Funk 
Delicious, Illington, Imperial.
 Medium late (131-140 days): Green vegetable: Aoda, 
Chame, Higan, Rokusun. Dry edible: Easycook, Higan, 
Rokusun.
 Late (141 to 160 days): Green vegetable: Edsoy, Green 
and Black, Jackson, Jefferson, Nanda. Dry edible: Edsoy, 
Jefferson, Nanda.
 Very late (161 days or more): Green vegetable: 
Cherokee, Seminole. Dry edible: Seminole.
 “In general, the method of planting vegetable soybeans 
is practically the same as that of fi eld varieties except that 
they are always planted in rows far enough apart to permit 
cultivation. Three feet has been found a satisfactory distance 
between rows, although the very early varieties may be 
planted in 2-foot rows.”
 Note: To see refi nement in Morse’s thinking, compare 
this with a similar article written about two years earlier: 
Morse, W.J. 1941. “Shanghaied... a super food.” Soybean 
Digest. July. p. 4-5, 10. Address: 1. Senior Agronomist; 2. 
Asst. Agronomist. Both: Div. of Forage Crops and Diseases, 
USDA, Washington, DC.

1235. Dunn, J.E. 1943. Soybean crop possibilities in central 
and eastern Washington. National Farm Chemurgic Council, 
Chemurgic Paper No. 277. 2 p. Dec. 3.
• Summary: Presented “at the Washington State Committee 
Meeting, National Farm Chemurgic Council, Spokane, 
Washington. December 3, 1943.
 “There are defi nite possibilities for the profi table 
production of soybeans, both the edible and oil varieties, in 
these two sections of the state.
 “To determine this we have conducted many soil 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   576

© Copyright Soyinfo Center 2018

analysis tests, using various methods, besides the application 
of established principles of production as practised in other 
producing sections of the country. Also a great deal of 
laboratory work has been done on the bacterial needs of this 
crop.
 “The soybean varieties that are the best oil producers–
the yellow strains–have been used chiefl y in our tests. All 
of these have many specifi c peculiarities in common and 
a defi nite program can be outlined by using these known 
requirements as a starting point.
 “For instance, these varieties have been found to do 
best in a soil of good humus content with a pH of 7 down to 
5.6 providing the calcium content does not run low nor the 
alumina content run high. A specifi c requirement in all cases 
is that the bacterial activity be normal so that these factors 
maintain the required pH rather than the pH becoming 
established by a defi nite lack of alkaline materials.
 “The phosphorus and potash requirements are a little 
higher than the average for most grains, while the nitrogen 
supply should be only medium and defi nitely of a continuous 
nature. This can be achieved only by the soybeans having the 
proper amount of the bacteria especially adapted to them, as 
the use of nitrogenous fertilizers will not take the place of the 
bacteria that naturally colonize in the nodules on the roots of 
the plant and supply the needed nitrogen.
 “This nitrogen supply factor is often the limiting one in 
the growing of soybeans. Inoculation of the seed or soil is 
often practised but in so many cases the soil is not the proper 
medium for their growth and the plants fail due to a lack of 
nitrogen.
 “These predominating factors apply in all three types 
of soil found in the central and eastern part of this state; the 
brown sandy clay–the light sandy clay and the real sandy 
types. Most of the failures that we have encountered were 
due to the use of nitrogenous fertilizers or because the soil 
was not a favorable habitat of the necessary bacteria.
 “Favorable tonnage was produced in test plots where 
the soil had been treated, when necessary, to bring it to the 
proper pH and make it compatible for bacterial development. 
Of course no attempts were made to run tests when the soil 
analysis results showed that a fi eld was too far removed 
from the proper condition in mineral balance, humus content 
and bacterial action and would require a great deal of costly 
preparation.
 “Knowing in advance the peculiar requirements of 
the soybean, the soil analysis showed us the treatment 
necessary to bring the pH into proper range, establish proper 
mineral balances and if it were possible to get the soil into a 
compatible condition for bacterial development–or prove the 
impracticability of attempting to grow this crop in this fi eld. 
Proper interpretation of the soil analysis is necessary and we 
have found, after many years of research that the Universal 
Soil Testing System in the most practical and easiest to apply 
to the needs of such crops as the soybean.

 “Where fertilizers or corrective materials are used, 
the best results are obtained by broadcasting before any 
plowing or cultivation is done so that the material is plowed 
under. This method has proven most practical because the 
rootlets of the young plant are highly susceptible to injury 
from chemical reactions when materials are used as a 
side dressing, or even plowed under just before planting. 
Ample time should be allowed, between the use of fertilizer 
materials and planting of soybeans.
 “Lands that can be put into proper condition the easiest 
and with the least expense are usually former hayland, 
cannery pea acreage where the pea straw has been returned 
to the fi eld and some truck garden lands, especially former 
asparagus fi elds. Soils that have grown these crops are 
especially adaptable to the necessary nodule forming 
bacteria–which is most often the limiting factor in soybean 
production.
 “Inasmuch as the bacterial activity, the formation of 
plant food solutions and humus production from organic 
residues all depend upon the moisture constant [content?] of 
a soil, we have conducted our fi eld tests in irrigated or sub-
irrigated lands only. A limited amount of moisture will limit 
the tonnage.
 “However there should be ample acreage of this type of 
land where the moisture can be controlled, in this state which 
can be converted to the production of soybeans in large 
enough quantity and of good enough quality to relieve the 
Pacifi c Northwest’s acute shortage.
 “While time and space here does not permit the reciting 
of various treatments found necessary on the soils of these 
two districts, I will be glad to go into the details with 
concerns or growers that are really interested in soybean 
production on a profi table basis.” Address: Research 
Laboratories, Yakima, Washington.

1236. Hochbaum, H.W. 1943. Shall we plant soybeans in the 
Victory Garden? In: U.S. Food Distribution Administration, 
War Food Administration, ed. 1943. Soybeans and Soya 
Products. Program for Meeting of Interdepartmental 
Nutrition Coordinating Committee. 25 p. See p. 7-8. Dec. 7.
• Summary: “One of our aims in the Victory Garden 
Program is to encourage more people to plant the kinds of 
vegetables that are of greatest value in protecting health, 
and which at the same time are fairly easy to grow. Now 
some of the vegetable varieties of soybeans fi ll this need 
admirably, and everything should be done to encourage 
greater plantings by home gardeners. Soybeans are easily 
grown, they yield well, and they are rich in food value. The 
fresh green soybeans are very rich in vitamin A, especially 
the varieties that are deepest green in color. They are also 
a very good source of thiamine (vitamin B-1), and a good 
source of ribofl avin (vitamin G) The fresh green soybeans 
are very rich in vitamin A” and thiamin, and are a good 
source of ribofl avin (vitamin G [sic, vitamin B-2]) we are 
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told in Leafl et 166 of the U.S. Department of Agriculture, 
entitled ‘Soybeans for the Table.’ Moreover people learn to 
like soybeans as a fresh vegetable.
 “Some varieties come to bearing in mid-August, and 
other later, so that by a selection of proper varieties, we 
can have them in bearing here until November. Especially 
valuable they are in areas where the gardens so often dry 
out in summer, for soybeans stand dry soil pretty well and 
yield something green when some of the garden is on strike. 
Therefore, soybeans deserve every consideration, for one of 
the problems of the Victory gardener is to plan and cultivate 
the garden so that it produces to the fullest in late summer.
 “Mr. Werner Meyer on the Federal staff of the Extension 
Service had a fi ne Victory garden in Bethesda, Maryland this 
year, and said his garden was the fi ner and more enjoyable 
because of the excellent yield he obtained from green soya. 
His family enjoyed them fresh from the garden, and through 
the winter they will enjoy the canned soybeans put up during 
the summer.
 “The Extension Service of the University of Tennessee 
found that three kinds of soybeans averaged 1 1/3 cups of 
shelled beans to three feet of row. The yield, however, has 
been exceeded by some gardeners who have good soil and 
favorable growing conditions. In fact, Mr. William J. Morse 
(who spoke to us earlier and whose name will be linked 
permanently with soybeans not only in the Department of 
Agriculture but throughout the United States) has told me 
that some of the vegetable varieties of soybeans yield from 
two to two and one-half times as much as our common lima 
beans.
 “Mr. Morse recommends the following varieties for 
the Eastern and Central States: Hokkaido, Jogun, Imperial, 
and Kanro. Giant Green and Tastee are two early varieties 
recommended to enable enthusiasts to lengthen the season 
of production. For the Southern States, Seminole, Edsoy 
[Delsoy], Nanda and Rokusun are recommended. For those 
who have room and want to grow small dry beans for 
sprouts, the well known Bansai is suggested.
 “Soybeans should be grown in rows 24-30 inches apart. 
Therefore, it may not be practical to grow them in the small 
Victory gardens, say gardens less than 30 x 50 feet. Too 
many Victory gardeners planted corn, potatoes, cucumbers, 
and other space-taking crops in 1943. Such crops do not 
yield enough in small gardens, and in planting them the 
Victory gardener sacrifi ces space that might be given to other 
vegetables that yield more commensurately.
 “Soybeans should be planted at corn planting time when 
the ground is warm and all danger from late frost is past. 
The seeds should be planted about one inch deep and three 
inches apart in the row. At this rate, one pound of seed will 
plant about 400 feet of row. The seeds preferably should be 
inoculated with a soybean culture before planting.
 “The crop is cultivated like corn or any other garden 
vegetables. The beans are ready for use when the pods turn 

yellow green. This is from 100 to 130 days after planting.
 “So far as pests go, soybeans have one advantage and 
one disadvantage The Mexican bean beetle which is such a 
pest on our common snap beans does not bother soybeans if 
other beans are nearby. But oh! how the rabbits love them. 
Some Eastern Victory Gardeners plant soybeans to lure the 
rabbits away from the snap beans.
 “Shall we plant soybeans in the Victory garden? Well, 
if we want a delightful fresh green vegetable in late summer 
and fall, one that is easily grown and yields well, we will by 
all means plant soybeans–that is, provided we have enough 
space and a fairly long growing season. And on farms and in 
the larger Victory gardens in town and suburbs, we should 
also increase our plantings to have soys to can, to dry, 
and for sprouts.” Address: Extension Service, WFA (War 
Food Administration), and Chairman of Victory Garden 
Committee.

1237. Sherman, H.C. 1943. Soybeans and their products as 
human food. In: U.S. Food Distribution Administration, War 
Food Administration, ed. 1943. Soybeans and Soya Products. 
Program for Meeting of Interdepartmental Nutrition 
Coordinating Committee. 25 p. See p. 3-5. Dec. 7.
• Summary: “Now that we are beginning to realize the 
importance of what China contributed to human progress in 
the development of the soybean–a lesson that our enemies 
learned from our Ally so much sooner than we did!–we 
fi nd this one food coming onto the stage in three distinct 
characters: Fresh, dried, and milled.
 “Gathered from the garden while the seed is still soft, 
the soybean constitutes a new green vegetable, analogous to 
the fresh lima bean, but with a fl avor of its own which should 
make it not a substitute for any other vegetable but rather an 
interesting addition to the foods that the home garden can 
furnish. (So shall we enlarge the Victory garden for this new 
home crop?).’
 “Secondly: When allowed to mature, the soybean 
becomes a new and different dry bean, richer in protein and 
fat than are our hitherto familiar dried beans and peas; and 
thus especially well fi tted to become the ‘main dish’ of a 
luncheon or dinner. And from now on it should be a point of 
pride and patriotism to plan meals in such ways as to make 
fuller use of what our agricultural economists have wisely 
named direct food crops,–crops that are brought from the 
land directly into human consumption without paying the 
price of feeding to such animals as yield us food only by 
slaughter. This is a forward step in the use of our growing 
scientifi c knowledge and not an ‘ism’ of any kind.
 “And thirdly: With our national acreage of soybeans 
now in eight fi gures, this crop suddenly becomes an 
important American source of such milled products as soya 
fl our and soya grits. Then, too, the soya fl our available at any 
given time and place may be full-fat, or defatted, or the retail 
grocer may be able to offer the consumer a choice between 
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the two. This will depend upon the urgency of the demand 
for soybean oil as a separate commodity, the size of the 
soybean crop, and the regional availability of the mills for 
pressing the oil from the beans.
 “Fats are important for military uses. Also in wartime 
it may be diffi cult to provide materials and manpower to 
build and operate special mills for pressing the fatty oil 
from the soybeans grown in different parts of the country. 
So instruction in the use of soya fl our should proceed on the 
basis of an intelligent willingness of the homemaker to use 
the full-fat or the defatted form or each in turn, according to 
what the fortunes of war make available to her retail grocer.
 “I leave it to others to discuss the culinary differences 
that the higher and lower fat content makes; and the many 
ways in which soya fl our and grits can be utilized: In 
‘conservative’ ways which can extend a meat loaf or enrich 
a loaf of bread without appreciable change of fl avor or 
texture, and in more ‘progressive’ ways to produce things 
recognizably new.
 “Assets of the Soybean in General: Our National 
awakening to the importance of the soybean does much both 
to make and to mark a new era of closer interweaving of the 
viewpoints and subject matters of agricultural economics and 
human nutrition than there has ever been before.
 “Like other legumes, the soybean improves the 
fertility of the soil by gathering nitrogen from the air and 
converting it into protein for itself and us, and other nitrogen 
compounds for succeeding crops. So superior in this respect 
is the soybean that we fi nd it to contain about twice as much 
protein as our other beans and peas. And we fi nd further 
that the protein of the soybean is of exceptionally high 
nutritional effi ciency both by itself and as a supplement 
and complement to the proteins of bread and other cereal 
products. Dr. Jones of our Bureau has shown this clearly and 
defi nitely in growth experiments on relatively simple food 
mixtures, and experiments are now being started to study the 
relationship, in a more comprehensive range of dietaries and 
both to extend the feeding trials to human subjects and to 
longer segments of the life-cycles of experimental animals.
 “Calcium and ribofl avin are now the most critical 
points in the adequacy of American dietaries and at both 
these points we again fi nd the soybean standing above the 
beans and peas which we have hitherto been accustomed to 
use, and still more distinctly above the cereals. In thiamine 
content also the soybean and its products rank well above the 
corresponding products of the cereal grains.
 “Thus in several important respects (protein, calcium, 
ribofl avin, thiamine) the soybean is outstandingly qualifi ed 
as a direct food crop to improve American dietaries; while 
at the same time conserving the Nation’s food-production 
resources.
 “The more use we make of the soybean, in any or all of 
its forms, as a human food, the better situated we shall be as 
regards the adequacy of our food supply for needs both at 

home or abroad.
 “Furthermore, in proportion as we build a consumer 
market for defatted soya fl our or soya grits, the 
corresponding soybean oil goes to meet the Nation’s need 
for fat, and thus makes possible a better conservation of our 
grain crops by moderating the grain-feeding of meat animals.
 “And so by a slight and easy adjustment of or within 
our dietary pattern we can increase our stockpiles of food 
awaiting shipment–thus encouraging our Allies, convincing 
our enemies, and very materially helping the earlier winning 
of the war.
 “And, in addition, the solidarity of the United 
Nations and the prospects of an enduring world peace will 
undoubtedly be strengthened by any sincere (even if only 
slight) adjustment of our food habits toward fuller use of 
direct food crops and less self-indulgent use of foods which 
are inherently extravagant of resources to produce.
 “Let our National food habits be such as are consistent 
with our professed policy of making common cause with our 
neighbors of the United Nations.
 “An open-minded and resourceful use of the soybean 
as human food in the United States–in the light of scientifi c 
knowledge and in the spirit of a sincere willingness to 
make common cause with other peoples in the interest of 
good lives for all–such use of this new resource can help 
materially to win the war, and can help morally to build an 
enduring peace.”
 Note: A famous nutritionist, Dr. Henry C. Sherman, 
sounds quite like a vegetarian. He was professor of food 
chemistry at Columbia University in New York City. He was 
the author four major books including Chemistry of Food 
and Nutrition, a widely-admired book of which 8 editions 
were published between 1911 and 1952. And in 1933 he won 
the prestigious American Institute of Chemists Gold Medal. 
Address: Chief, Bureau of Human Nutrition and Home 
Economics, USDA.

1238. Brumpt, E. 1943. Comportement du Soya de la variété 
23 du centre national du Soya de Bordeaux, a la station 
expérimentale de Richeliue (Indre et Loire) [Behavior 
of soybean variety 23 of the National Soybean Center of 
Bordeaux, at the experimental station of Richelieu (Indre et 
Loire)]. Revue Internationale du Soja 3(21):147-49. Nov/
Dec. [9 ref. Fre]
• Summary: The National Soybean Center of Bordeaux gave 
the number 23 to the soybean variety Dieckmann greenish 
gold (grüngelbe). The seeds of this variety, analyzed at the 
station of Clermont, contained 25% oil and 37.4% protein. 
It is edible (like all soybeans) and has a very good taste. The 
plant has an upright habit and a height ranging from 40 to 60 
cm. The fl our has no bitter taste.
 This article contains a very detailed discussion of this 
variety and its behavior. The seed yields were very good. 
Illustrations show two large magnifi cations of a cross section 
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of one of the roots infected with symbiotic, nitrogen-fi xing 
bacteria. Individual cells are clearly visible. Address: PhD, 
Professor at the Faculty of Medicine of Paris, Member of the 
Academy of Medicine.

1239. Cass Smith, W.P.; Harvey, H.L. 1943. Soybean 
inoculation experiment. J. of Agriculture, Western Australia 
20:331-34. Dec.
• Summary: “A crop which to date has been cultivated 
to only a limited extent and on the whole unsuccessfully 
in W.A., but whose potentialities are considerable, is the 
soybean. The many valuable qualities which make this 
legume suitable for human and stock food and the production 
of oils, paints, soaps, rubber substitutes, etc., have been 
demonstrated elsewhere and are well known.
 “Like other legumes the soybean grows in association 
with bacteria which stimulate the formation of nodules on its 
roots and which enable such plants to obtain their supplies of 
nitrogen from the air. The bacteria are therefore an important 
factor in the nitrogen nutrition of the plant.
 “In the absence of these nodule-forming bacteria, 
the successful growth of a soybean crop is extremely 
unlikely in soils low in available nitrogen and probably the 
unsatisfactory results previously obtained locally with this 
legume have been largely due to this cause...” Address: 1. 
Plant Pathologist; 2. Asst. Plant Pathologist.

1240. Drown, Marion Julia. 1943. Soybeans and soybean 
products as food. USDA Miscellaneous Publication No. 534. 
14 p. Dec. [1 ref]
• Summary: Contents: Introduction. Nutritive value of 
soybeans: Why soybean protein is important, minerals 
and vitamins of soybeans, the fat of soybeans–soybean 
oil. Recent increase in soybean production [in the USA]. 
Soybean products: Soya fl our, soya grits, fl akes and meats, 
soya with sausage and in soup. Soybeans as a green or dried 
vegetable: Varieties, growing and harvesting, preparation and 
cooking. Soybean “milk.” Soybean curd. Soybean sprouts. 
(Note: A description is given of how to make the three 
previous foods at home.) Other edible soybean products (Soy 
sauce, Worcestershire sauce, soya crackers and breakfast 
foods, a coffee substitute, and salted soys [soynuts]).
 “In 1942 nearly 210 million bushels of soybeans were 
produced on about 11 million acres [yield = 19.1 bushels/
acre]. If the 4.6 million acres on which soybean plants were 
grown for forage and other purposes are added to this fi gure, 
only fi ve other crops–corn wheat, hay, oats, and cotton–
occupied more land in the United States in that year. These 
fi gures contrast strikingly with those of 1924, when less than 
5 million bushels of soybeans were harvested from 448,000 
acres” [yield = 11.16 bushels/acre]. Figure 1 shows soybean 
production in the USA (in million bushels) from 1924 to 
1942. The rapid increase in production began in 1934. In 
1942 production doubled as a result of wartime needs.

 “Soybean meats are split or coarsely ground soybeans, 
dehulled and debittered. They are chiefl y used in place of 
roasted peanuts in confectionery and baked goods, but they 
can also be cooked and eaten like navy beans.
 Vegetable soybeans make an excellent Victory Garden 
crop. “The most suitable varieties for green shelled or dried 
beans have straw-yellow or olive-yellow seeds that cook 
easily and have a mild fl avor.” A table (p. 8) shows: “Some 
of the desirable garden varieties for green and dried beans, 
classifi ed as to their length of growing season” (from Morse 
& Stuart, Nov. 1943). State experiment stations can usually 
supply information about the “seeds of vegetable varieties 
of soybeans... Many State experiment stations furnish pure 
cultures of soybean bacteria at cost, and commercial seed 
fi rms also sell them” (p. 9).
 “When soybeans follow corn on fertile land, they should 
produce a good crop without direct application of fertilizers. 
The use of fertilizers, however, is recommended on sandy 
soils or soils of low fertility, the best results being obtained 
with stable manure or superphosphate and muriate of potash. 
Wood ashes may be used if the potash is not available.”
 Note: This is the earliest English-language document 
seen (May 2005) that uses the word “debittered” (or 
“debitter,” “debitters,” or “debittering”) in connection with 
fl avor problems in soybeans. Most early documents that 
used the term were written in German. Address: Associate 
editor, Bureau of Plant Industry, Soils, and Agricultural 
Engineering.

1241. Jacklin, Arden W. 1943. There’s a future for soybeans 
in state of Washington. Soybean Digest. Dec. p. 6, 12.
• Summary: Editor’s introduction: “The crop has been 
successful under irrigation, says Arden W. Jacklin, of the 
Jacklin Seed Company, who have been growing it since 
1935. Condensation of an address before the Washington 
State Farm Chemurgic Committee.
 “We of the Jacklin Seed Company were intrigued 
several years ago with the possibilities of soybean production 
and the challenge existent in those possibilities.
 “In 1935 we started actual growing tests and trials with 
the most common strains and varieties of oil or fi eld type 
soybeans, There was no defi nite background information 
other than that the state experiment stations in the Inland 
Empire were not enthusiastic regarding the possibilities of 
soybean production based upon their growing trials. Our 
trials were located on the Garrison gravelly loam soil under 
irrigation in the Spokane Valley of eastern Washington.
 “Without going into detail about these early experiments 
let us say that we became thoroughly involved with non-
adapted strains and varieties, and more important, with the 
cultural problems of production. At that time we nearly gave 
up our trials. None of our soybeans showed promise.
 “In 1936 we gave our soybeans another trial and 
included several new rather specialized strains. In that year 
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we were pleased with the showing made by an unnamed 
strain secured from Wisconsin. For want of a better or true 
name it has since been called ‘Jacklin’s Soybean.’
 “This bean under the condition where it was grown 
produced well and matured satisfactorily. The seed quality 
was excellent having good size, viability and color. Tests 
of oil and protein content showed that the seed compared 
very favorably with standards for soybean seed. From this 
point on we devoted our time to cultural problems of the 
production of this one soybean–and they were numerous. 
Among other things we raised our seeding rate per acre from 
30 pounds up to 90 pounds. Depth of planting was adjusted 
from two to three inches, common with garden seed beans, 
to an inch and a half or shallower. Cultivation techniques 
for the control of weeds after the soybeans had sprouted and 
were above ground were developed. Soil fertilizing tests 
were conducted. Planting equipment and other problems 
were studied. But the biggest problem of all, inoculation, 
remained as a major obstacle.
 “We don’t know just what is, or has been, wrong. 
We only know that to date, in general, we have not been 
getting proper and suffi cient inoculation. Several methods 
of artifi cial inoculation have been tried. Strain trials of 
inoculating bacteria within the type that work with soybeans 
have been conducted and improved bacteria or selected 
strains are being bred for soybeans in the Pacifi c Northwest.
 “We have been able to secure fi rst year partial or crown 
inoculation but we have not economically secured in the fi rst 
year, coverage of the entire root system, or what we term 
suffi cient inoculation.
 “Increased: We must have, at least in our present terms 
of thinking–heavy or complete inoculation of powerful 
adapted strains of soybean inoculating bacteria to grow 
soybeans successfully. Seed yield, seed quality, growth, 
maturity, in fact, the entire productive capacity of soybeans 
seems to be intimately governed by inoculation.
 “We don’t thoroughly understand the soybean 
inoculation problem and admittedly haven’t solved it.
 “In 1940 our company had increased the Jacklin 
Soybean to some 200,000 pounds. We were securing yields 
in the Spokane Valley of up to 38 bushels of seed or 16 
to 22 tons of green manure per acre on a fi eld basis. At 
that time the Centennial Flouring Mills were interested 
in the industrial development of soybeans and bought 
the seed with all the industrial development rights to it 
with the idea of testing soybeans further for widespread 
production. Their testing was over a two-year period and was 
supplemented by the Jacklin Seed Company’s assistance by 
previous agreement. This work was carried on through seed 
production contracts with farmers and through test plots with 
state and local chapters of Smith Hughes in Washington.
 “A general summary of these test results shows that 
soybeans were not successful under the conditions grown 
and methods used on the dry lands of the Pacifi c Northwest. 

This doesn’t mean that they cannot or will not be grown 
there, but we haven’t been successful yet with the methods 
and kinds used.
 “Irrigation: Soybeans have, in general, been successful 
under irrigation when grown in rows and cultivated. 
However, we still have many problems on this type of 
production. The economics of production is still in question 
and probably cannot be answered until after the impact of 
war production is evened out and soybeans can be fi tted into 
a normal production pattern.
 “In 1942 the yield of soybean seed in the Spokane 
Valley was light. It was a poor year for soybeans there. Yet 
in the sub-irrigated, diked, Northern Kootenai Valley in 
the vicinity of Creston, B.C., it has been reported that four 
carloads of soybean seed were shipped out last year and over 
1,000 acres are being grown this year.
 “Because of the light crop experienced in 1942 and also 
due to the pressure of wartime business which necessarily 
forces curtailment of experimentation and trials, the 
Centennial Flouring Mills decided to drop the soybean 
business, at least for the time being. The Jacklin Seed 
Company bought the stock seed and business rights back 
from them and are now holding this seed. We are selling this 
seed and are hopeful that through farmers’ trials we may, in 
an indirect way, get some answers to production problems 
still unsolved. Our company cannot expend much time on 
soybean studies, trials or experiments now because of the 
pressure on us for production of edible and seed peas and 
beans. We believe that we shall be growing soybeans in the 
Inland Empire of the Pacifi c Northwest. At present irrigated 
lands look the most promising. Our hopes are high for 
soybean production in quantity when the Big Bend comes 
under irrigation.
 “We believe that soybeans will grow successfully in 
many parts of the Northwest but we do not have all the 
problems of production under control.”
 A large photo shows two men standing in a fi eld of 
soybeans, waist high, in the Spokane Valley. At left is B.H. 
Jacklin, manager of the Jacklin Seed Co. Address: Jacklin 
Seed Co., Spokane, Washington.

1242. Richard, Jules. 1943. Quelques essais de culture 
du Soya [Some trials with soybean cultivation]. Revue 
Internationale du Soja 3(21):145-46. Nov/Dec. [2 ref. Fre]
• Summary: Hares ate my entire soybean (soya) patch in La 
Turbie [just outside of Monaco] in 1942. I did not replant a 
patch this year, as I was not able to enclose the area or fi nd 
another suitable enclosed space. I do not have any specifi c 
information on the plants that are said to deter rabbits and 
hares, which would protect soybean plants if planted in 
rows around them. People have mentioned camelina [false 
fl ax] and Madia sativa [coast tarweed], which is an aster 
[fl owering plant] originally from Chile, whose seeds produce 
oil.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   581

© Copyright Soyinfo Center 2018

 In the area around the plant bed destroyed by the hares, 
I noticed quite a few clusters of Mediterranean spurge 
(Euphorbia characias). These plants are all thriving, and 
do not seem to have any enemies. I believe that all spurges 
tend to deter rodents, due to the toxic products in their plant 
tissue. Among the many species of this genus, there are no 
doubt some that not only deter rodents, but also produce 
a signifi cant amount of toxic oil, which can be used many 
ways, and can now be easily detoxifi ed. Caper spurge 
[Euphorbia lathyris] produces 50% of the weight of its seeds 
in oil, or 25% per year since it is a biennial plant. Some 
perennial or biennial spurges produce up to 38% oil. It would 
be very helpful for soybean growers whose fi elds have been 
damaged by rodents to test using spurge seeds taken from 
common species in their region to protect their soybean 
plants.
 I therefore had to limit myself to sowing some soybean 
seeds (graines de soya) in the plots at the Oceanographic 
Museum (Musée Océanographique) [in Monaco] or in crates 
on my patio. Here are some of the results:
 A jaune du Var [yellow] soybean variety (gift from Mr. 
Lévèque, from Le Canadel), which seems similar to Rouest 
250, yielded the following numbers of seeds per plant on 
August 15, 1943: 66, 78, 79, 92, 94, 101, 110, 111, 118, 124, 
156 and 196. This variety seems to be well adapted to our 
region. One Braungelbe III [brownish-yellow] plant from the 
center of Clermont-Ferrand (Mr. Schad) yielded 84 fertile 
pods, 18 empty pods, and 147 seeds; Dieckmanns Hellgelbe 
[bright yellow] (same origin) yielded 51 fertile pods, 22 
empty pods, and 97 seeds from one plant on August 25, 
1943. Another plant yielded 112 seeds weighing 19 gm; its 
roots are covered in a silky white layer of fungus.
 On August 15, 1943, two Illini variety plants (sent by 
Mr. Simonet, from the Vilmorin-Andrieux company) yielded 
72 and 64 fertile pods, 5 and 9 empty pods and 158 and 153 
seeds. These results are fairly satisfactory.
 The variety Dr. Georges (Variété du Dr Georges): Dr. 
Georges from Antibes provided me with 15 seeds from his 
surprising variety, and I took particular care with them. I 
gave 5 seeds to Mr. Comelli, who farms in the Cagne Valley 
(Vallée de la Cagne) (Footnote: Mr. Comelli, a mechanic at 
the Oceanographic Museum, produced 90 kilograms from 10 
square meters of transplanted wheat, while the same surface 
area with the same amount of seeds planted by broadcast 
seeding produced 35 kilograms. He got similar results with 
peanuts). I planted four in a lawn at the museum, and 6 in 
a large 1.2-square-meter crate on my patio. All of the seeds 
were surrounded by light soil from Mr. Comelli, after being 
sown with multi-purpose vaccinograine [bacterial fertilizer; 
inoculant].
 Of the 6 seeds that were sown on April 23, 1943, one 
sprouted on the 28th, but appeared sickly, and soon after 
I caught a woodlouse carrying away a small piece of the 
sprout / tigellum (tigelle), so it was not a viable plant. By 

the 30th, another seed had sprouted, and was rather hardy 
by May 4. None of the other 4 seeds had yet sprouted. I 
carefully brought two to the surface, but on each I saw two 
cotyledons that were bloated and separated, and I could 
not see any plantlets. I covered them back up with soil, but 
nothing grew. On May 13, still only one plant was well 
developed. But this plant’s leaves were attacked during the 
night by woodlice, one of whom I caught in the act.
 This lone plant caught a serious disease–the leaves 
turned yellow, and some were covered with a fungus that 
formed round, red spots. I really thought that this plant 
would die. Then, green leaves appeared little by little, and 
on August 31, I dug up the mature plant. It yielded 91 fertile 
pods, 9 empty pods and 240 seeds weighing 24 gm. This was 
far from the expected results; I found no bulges from nodules 
of nitrogen-fi xing bacteria on the rootlets, but the thick roots 
were covered rather fully with a yellow or purplish-blue 
fungus, following the points, with a scalloped appearance.
 At the center of the museum’s lawn (east side), only 
2 out of the 4 seeds grew. The two plants were dug up on 
September 25, 1943, and their yield was as follows: 80 and 
105 fertile pods, 4 and 4 empty pods, 164 and 186 seeds, 
weighing 20 g and 22 g. The seeds appear mostly normal. 
The roots do not show signs of anything in particular. The 
growing area is very exposed to the wind, and the plot is 
probably not suitable.
 Of the 5 seeds given to Mr. Comelli, one did not sprout, 
and one seedling was eaten by his goat. He dug up the 3 
others on October 5. They still had green leaves, and the 
pods seemed mature, but there were not very many of them. 
Here are the numbers: 24, 43 and 45 fertile pods; 4, 16 and 
4 empty pods; 46, 47 and 86 seeds. Most of the seeds were 
withered, stunted and unusable.
 The roots from these three plants were infested with 
galls, including one that was as thick as a good-sized 
hazelnut, and with scalloped fungus that is yellow or purple 
along the points (suivant les points) [of the root], which is 
obviously the same as those mentioned on the root of one of 
the plants on my patio.
 Mr. Pussard, director of the Antibes Zoology Station 
(Station de Zoologie d’Antibes), recognized galls from 
root-knot nematodes (Heterodera Marioni Goodey). This 
nematode attacks a large number of plants, particularly 
haricot beans, tomatoes, etc., and causes signifi cant damage. 
For soybeans, it is a new (to us) and dangerous enemy. We 
must now draw attention to it. According to Mr. Pussard, “the 
only usable method for protecting crops from this parasite is 
to treat bare land 2 to 3 weeks before planting seeds with 300 
gm of carbon disulfi de per square meter.”
 Given the current diffi culty of applying this remedy, I 
think that we could substitute chlorinated lime [bleaching 
powder], which is much more practical and inexpensive. 
At the bottom of the holes made with dibbles, 20 to 
30 centimeters deep and spaced 50 centimeters in both 
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directions, drop in 15 to 20 gm of chlorinated lime, and 
pack the surface well to fi ll each hole. The hypochlorous 
acid freed by the carbonic acid and other acids in the soil 
goes down and in all directions. If it is possible, the parasite 
extermination consists in spraying the ground with a liquid 
containing 500 gm of chlorinated lime per 50 liters of water. 
This traps the parasites between two layers of toxic gas 
(Footnote: In the Nice Agricultural and Horticultural Guide, 
from December 1, 1943, p. 189, I just read that Mr. Jouis, 
director of the Rouen Agronomic Station, explained how to 
fi ght garden parasites in a note presented to the Academy of 
Agriculture. 3 gm of chlorinated lime per square meter is 
suffi cient for destroying nematodes, according to his tests. 
You can sow seeds a week later.
 I think that if chlorinated lime is not available, you can 
substitute sawdust, sand or soil that has been fully steeped in 
bleach).
 Nothing would be planted or sown for the following 15 
to 20 days.
 In the places infested with nematodes, you could also 
plant the following for a few years: potatoes, carrots, onions, 
wheat and corn. It seems that these plants are never attacked.
 As for the fungi, Mr. Barthelet, director of the Antibes 
Botanical and Phytopathological Station (Station de 
Botanique et de Phytopathologie d’Antibes), believes that 
they only grow on the plants because of the nematode 
infestation, and they are simply saprophytes living on 
necrotic tissue: “They must be related to the genus 
Fusarium.”
 I am disappointed that I did not have more success, since 
I had high expectations. But I was happy to hear that Dr. 
Georges had very encouraging results. Additionally, René 
Brochon found a variety that produced 1,000 or 1,200 seeds 
on certain plants! The soybean is decidedly making good 
progress in France, for the greater good of all!
 Note from the writer–As regards transplanted wheat, 
we highly recommend the study in the pamphlet by Pierre 
Sauvageot and Paul Grillo: Family Wheat Cultivation, 
Factor for French Revival (La culture familiale du Blé, 
facteur de Renaissance française) (Éditions Sequana, Paris, 
1943).
 Note: This is the earliest document seen (March 2015) 
concerning cultivation of or cultural trials with soybeans in 
Monaco (in April 1943). This document contains the earliest 
date seen for the cultivation of soybeans in Monaco (1942).
 Offi cially the Principality of Monaco (French: 
Principauté de Monaco), it is a sovereign city-state and 
microstate, located on the French Riviera in Western Europe. 
It is bordered by France on three sides; one side borders the 
Mediterranean Sea. Monaco has an area of 2.02 km2 (0.78 
sq mi) and a population of 36,371; Monaco is the second 
smallest and the most densely populated country in the 
world.
 Note: Translated by Elise Kruidenier, Seattle, 

Washington. Address: Oceanographic Institute of Monaco 
(Institut Océanographique de Monaco).

1243. Riede, Wilhelm. 1943. Comment je vois la 
nitragination [How I see inoculation and nitrogen fi xation]. 
Revue Internationale du Soja 3(21):141-45. Nov/Dec. [11 
ref. Fre]
• Summary: Contents: Introduction. Effect of various 
bacterial cultures (Effi cacite des divers engrais bacteriens. 
Effect of different methods and products on increasing 
soybean yield {Kornfeld 1936}: Pulverized nodules 21%. 
With the product Nitragine 24%. With the product Azotogène 
28%. With the product Radicine 42%. This the latter is by 
far the most effective). Inoculating the seeds or the soil 
(Nitragination des semences ou du sol?) Nitrogen fi xation 
and the vegetative cycle. Nitrogen fi xation and nitrogen 
fertilizer / manure. Nitrogen fi xation and the harvest. Tables 
show 8 important experiments by different researchers using 
different inoculants, different amounts of nitrogen fertilizer, 
and different soybean varieties.
 Conclusions: With the legumes, inoculation of the 
seeds constitutes the surest way of getting nitrogen fi xation. 
For soybeans, the key bacterium is Bacterium radicicola. 
Nitrogen fi xation increases both the vegetative parts of the 
plant (leaves, stems, roots, etc) as well as the reproductive 
parts (seeds). The size of the seeds will increase, as well as 
their richness in protein and oil. Nitrogen fi xation leaves 
extra nitrogen in the soil which directly benefi ts the next crop 
planted in that soil and increases its yield. One should not 
use large amounts of nitrogen fertilizer on well-inoculated 
legumes, however small amounts give small increases in 
both yield and seed composition. Address: PhD, Professor, 
University of Bonn (Rhénanie = Rhineland), France.

1244. Castelli, Tommaso. 1943. Soja e tubercoli radicali 
[The soybean and its root nodules]. Annali di Microbiologia 
3:30. [Ita]*
Address: Prof., Istituto di Microbiologia Agraria e Tecnica 
della R. Università di Perugia.

1245. Poschenrieder, H.; Sammet, K.; Fisher, R.; Lesch, 
W. 1943. Untersuchungen ueber den Einfl uss langjaehriger 
einseitigen Duengungsmassnahme der Wuerzelknoellchen 
von Sojabohne [Investigations on the infl uence of long-term 
ill-balanced fertilizing measures on soybean root nodules]. 
Bodenkultur und Pfl anzernaehrung 32(1/2):1. [Ger]*

1246. Beeson, K.E. 1943. Soybean yield contest in 1942. 
Indiana Corn Growers’ Association Annual Report 43:27-31.
• Summary: “Fifty-one growers participated in the 1942 
soybean yield contest, compared to 16 in 1941, and 6 in 
1940. Yields from the two highest yielding acres in fi elds of 
ten or more acres were offi cially measured by Association 
representatives. The soybeans from the measured area were 
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weighed immediately after harvest by judging committees, 
samples taken for moisture determination, and part of each 
retained for future reference.
 “Yield honors were carried off by relatively young 
farmers with Merle E. Custer of Grant County producing 
47.9 bushels per acre, Clifton Cardwell of Tipton County 
producing 47.1 and Glen Kinsell producing 44.7 bushels. In 
fact the fi rst 6 places in the 1942 contest were higher yields 
than any in the contest during the two preceding years.
 “Row Seedings Popular: Custer planted one bushel of 
inoculated Richland soybeans per acre in 36 inch rows with 
the corn planter on corn stalk ground on May 28, did not 
fertilise, and gave one cultivation with the rotary hoe and one 
with the corn cultivator.
 “Cardwell planted 36 pounds of Dunfi eld soya in 40 
inch rows on corn stalk ground on May 28, applied 100 lbs. 
of 3-9-18 with the corn planter, and gave two rotary hoe 
cultivations, and two row cultivations.
 “Kinsell used a clover pasture sod, and planted 108 
pounds of inoculated Richlands per acre in 21 inch rows with 
the grain drill and gave 3 cultivations.
 “Shockney and Thomas, fourth and fi fth place winners, 
both used alfalfa sod, the former drilling two bushels of 
inoculated Richlands solid, and the latter two bushels of 
inoculated Mandells in 21 inch rows with the corn planter. 
Neither fertilized, and the former did not cultivate his fi eld, 
while the latter gave 3 cultivations with the rotary hoe.
 “Robinson with the next highest yield drilled 2 bushels 
of Richlands solid on soybean stubble land.
 “Row seedings were more popular than solid seedings, 
with 30 of the 51 contestants using row seedings. Their 
average yield was 37.4 bushels per acre while from the 
solid seedings the average was 35 bushels. Dividing the row 
seedings into two groups, those 36 to 42 inches in width, and 
those ranging from 19 to 28 inches showed an average yield 
of 37.9 bushels for the wide rows, and 37 bushels for the 
narrow. The very favorable season for soybeans doubtless 
gave the wide rows an abnormal advantage in 1942, for 
experiment station tests usually show a yield advantage for 
rows 20 to 30 inches wide rather than greater widths. Corn 
planting and cultivating equipment make the use of wide 
rows a necessity on many farms.
 “On highly fertile soils row seedings are likely to have a 
yield advantage, for solid sown soybeans may go down too 
early for maximum seed set, and the yield may be seriously 
reduced by poor podding.
 “Rotation Practices: Forty growers out of 51 planted 
their soybeans after corn which is the most common practice, 
and under most conditions the most logical plan. This 
rotation practice gives an excellent opportunity to turn corn 
stalks under for corn borer control.
 “Two growers planted soya after soya which usually 
results in good yields, and the remaining growers in most 
cases planted soya after a legume crop. The preceding crop 

apparently had little effect on the yield of soybeans.
 “Date of Planting: Ten percent of the growers planted 
during the fi rst fi fteen days of May with a yield average of 
40.8 bushels; 63% planted during the last half of May, with 
an average of 37.4 bushels, and 27% planted sometime in 
June with an average of 37.4 bushels per acre.
 “Since the Richland was used by 23 growers, an average 
of yields was made for the three periods with no difference in 
yield. The lone fi eld planted in early May made 39 bushels; 
the 6 fi elds planted in June made 38.7; and the remainder 
planted in late May averaged 38.9 bushels.
 “As in the 1942 contest, late May planting is the 
common practice in the State with a trend toward later 
planting in river bottoms, to facilitate weed control before 
planting, and a trend toward early May planting in corn borer 
infested areas in order to get some of the planting completed 
before time for delayed corn planting for corn borer control.
 “Rate of Seeding: Growers used slightly higher than 
usual rates of seeding. In narrow rows, the average rate per 
acre was 77 pounds; in wide rows, 61 pounds; and in solid 
plantings 107 pounds.
 “Fertilizer: Only 6 of the 61 growers used fertilizer 
and their yields ranged from 47.1 bushels per acre to 30.4 
bushels. Five used manure. The others, as is the common 
practice with soys, depended on residual fertilizer to make 
their soybean crop. One grower plowed under 500 lbs. of 
0-12-12 for his crop.
 “Inoculation: Thirty-three of the 51 growers inoculated 
their seed, although doubtless most growers had soil that was 
already well inoculated for the crop,
 “Cultivations: Solid Seedings: Only 4 of the 21 growers 
gave their fi elds any cultivation.
 “Row plantings: Only one of the 30 growers did not 
cultivate. Most growers used the rotary hoe while the 
seedlings were small and followed with one or two row 
cultivations. As a rule between two and three cultivations 
with the rotary hoe, weeder, harrow, beet or corn cultivators 
were given the fi elds of row seedings.
 “Varieties: The Richland was used by 23 men in the 
contest; Dunfi eld was used by 7 participants; Mandell and 
Chief by 5 each; Patoka, No. 7 and Manchu by 2 each; 
Gibson by 1; and 4 failed to identify their variety.
 “The Richland was used by approximately one-half the 
contestants in 1942, primarily because of its adaptation to 
fertile soils. It stands well, does not grow coarse, and matures 
early. It yielding ability is on a par with later varieties in 
central Indiana on fertile soils. Most contestants are in 
central Indiana. In the southern half of the State varieties of 
more satisfactory adaptation to longer growing seasons were 
used.
 “More detailed discussions of the varieties, discussions 
of cultural methods, etc. can be found in Purdue publications, 
and the certifi ed seed lists of the Association.
 “Moisture Content at Harvest Average moisture content 
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of samples submitted was 11.5%. Average content of the 24 
samples of Richlands was 11.4%. Difference of moisture 
content of the different varieties was not signifi cant, nor 
was the difference between soya planted in rows or solid 
apparent. Moisture content was taken at harvest, and no 
sample exceeded 14% and the driest was 9%. Part of the 
beans were too dry for best seed condition as the tender 
embryo may be jarred loose in seed that is appreciably under 
13% at combining, and germination may be reduced.
 “Important Change in Medal Awards: Volume of 
contestants is large enough to justify a change in medal 
awards from one medal per county to awards based on 
yields, just as in the Five Acre contest, according to the 
decision of the Soybean Committee of the Association. In 
1943 growers producing yields as follows will be entitled to 
medals for their respective yields:
 “30-35 bushels per acre. 35-40 bushels per acre. 40-45 
bushels per acre. 45 and up bushels per acre.”
 “County winners will receive medals only in case their 
yields are 30 or more.
 On the last page (p. 31) is a table titled “1942 Soybean 
Yield Contest” that fi lls most of the page. It contains 6 
columns: (1) Ranking number and an * indicating County 
Winner. (2) Name and address of grower. (3) County. (4) 
Soybean variety planted. (5) Yield in bu per acre. (6) Method 
of planting (width of rows or solid).
 Near the bottom is a small table titled “State Winners 
Soybean Yield Contest” with 5 columns showing the winner 
each year from 1940 to 1942. Address: Secretary-Treasurer, 
Indiana Corn Growers’ Association.

1247. Poschenrieder, H.; Lesch, W. 1943. 
Untersuchungen über den Einfl uss langjähriger 
einseitiger Düngungsmassnahmen auf die Ausbildung 
und Nährstoffaufnahme der Wurzelknöllchen von 
Sojabohne [Studies on the impact of many years of one-
sided fertilization measures on training and nutrient 
recording the root nodules of soybean]. Bodenkultur und 
Pfl anzenernaehrung (Berlin) 32(1/2):1-16. [18 ref. Ger]
• Summary: Note on title page: “Neue Folge der Zeitschrift 
für Pfl anzenernäehrung, Düngung und Bodenkunde.” 
Address: Saxony-Anhalt Experimental Station Bernburg, 
State Agricultural Research and Study Institute (Anhaltischen 
Versuchsstation Bernburg, Staatliche Landwirtschaftliche 
Forschungs- und Untersuchungsanstalt {Direktor: Dr. H.L. 
Luedecke}).

1248. Ricino, soja y sesamo: Siembra, cultivo, cosecha 
e industrializacion de estas tres plantas oleaginosas. 2nd 
ed. [Castor-oil plant, soybeans and sesame: Sowing, 
cultivation, harvesting, and industrialization of these three 
oleaginous plants. 2nd ed.]. 1943. Buenos Aires, Argentina: 
Editorial Atlantida, S.A. 148 p. See p. 41-150. Illust. 17 cm. 
(Biblioteca de “La Chacra” Dirigida por Waldemar Martínez 

Pintos). [Spa]
• Summary: Contents: Introduction. Products obtained 
from the soybean (chart). As a human food. The seeds (los 
porotos; the soybean is called poroto soja). Green vegetable 
soybeans (porotos verdes). Soy fl our. Soy oil. Soy sauce. Soy 
sprouts (vastagos). Soy milk (leche vegetal). Tofu (queso). 
Curd (cuajada). For livestock or cattle destined for slaughter. 
For sheep and poultry. Preparation of the seeds for obtaining 
oil. Utilization of the oil. Defatted soybean fl our (harina de 
torta). Soybean cake for animals. Soybean cake for fertilizer. 
Other uses of the cake. The soybean for hay. For pasture. For 
silage. Address: Buenos Aires, Argentina.

1249. Schaede, Reinhold. 1943. Die pfl anzlichen Symbiosen 
[Symbiotic relationships in plants]. Jena, Germany: Verlag 
G. Fischer. viii + 172 p. [Ger]*
• Summary: Schaede was born in 1887.

1250. Simmons, Charles F. 1943. More soybeans needed 
for oil. Arkansas Agricultural College, Extension Leafl et 
(Fayetteville) No. 23. [3] panels each side, front and back. 
Revised.
• Summary: Contents: Varieties. Seedbed preparation. 
Fertilizer requirements. Inoculation. Time of seeding. 
Method of seeding. Rate and depth of seeding. Testing seed. 
Cultivation. Harvesting. Storage. Classes and grades of 
soybeans.
 This leafl et begins: “Soybeans, especially needed at 
present for oil in the nation’s war program, may be grown 
throughout Arkansas on any land that is adapted to the 
production of cotton, corn, or rice. Soybeans produced 
for oil purposes are the green- or yellow-seeded varieties, 
which usually have coarser stems, produce seed of higher 
oil content, and produce a brighter meal than the dark- or 
black-seeded varieties recommended for hay. In successful 
production of soybeans for oil, careful consideration should 
be given to choice of varieties; seedbed preparation; fertilizer 
use; inoculation; time, method, rate, and depth of seeding; 
cultivation; and harvesting.” Address: Extension Agronomist.

1251. Norum, Enoch B. 1944. Do soybeans hurt soil? Some 
Iowa tests. Soybean Digest. Jan. p. 15-16.
• Summary: “There is very little doubt but that most north-
central Iowa farmers who planted corn on soybean ground in 
1942 received larger yields of corn than would have been the 
case if the fi eld had been in corn the previous year.
 “That, in brief, is the conclusion we have drawn here 
at the Iowa Station following some tests to try to fi nd the 
answer to whether soybeans are hard on the land.
 “The fi rst test, which we made in 1942, was to fi nd 
out the comparative yield of corn following soybeans and 
following a corn crop. Thirteen fi elds in Story and Hamilton 
counties were selected. These were all handled uniformly 
except that in 1941 part of each fi eld was planted to corn 
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and part to soybeans. Then, in 1942, fi eld samples were 
taken from the corn grown on corn ground and from the corn 
following soybeans to determine yields and moisture content. 
Since both parts of the fi eld had been handled alike, the 
differences in yield were probably the result of the effect of 
the soybeans grown in 1941.
 “We confi ned our study to sails of the Webster series 
and to Clarion loam. The results of the yields are shown in 
table 1. On the Webster soils the yield in one fi eld following 
soybeans was 18.8 bushels an acre more than when corn 
followed corn. The average was 8.3 bushels more from the 
land which had been in soybeans the previous year.
 “On the Clarion loam, as on the Webster soils, all fi elds 
yielded more following soybeans than following corn, with 
one fi eld producing 14.4 bushels more. The average was 9.5 
bushels larger for the corn following soybeans.
 “From what we know of the nitrogen needs of corn, 
the results are about what would be expected, especially on 
the Clarion soils. A 60-bushel corn crop may be expected to 
remove about 60 pounds of nitrogen, whereas a 25-bushel 
soybean crop may actually add a little nitrogen if the plants 
are well inoculated. As a general rule one may expect more 
nitrogen to be available for a crop following soybeans than 
for a crop following corn.
 Nitrogen: The importance of nitrogen to corn yields is 
shown by the results that we get when corn follows clover. 
In an 8-year test at the Indiana Station, corn following 
clover yielded 7.6 bushels per acre more than corn following 
corn. Although the straw was removed from the fi eld, corn 
following soybeans yielded 2.4 bushels more per acre than 
corn following corn. If the soybean straw had been left on 
the ground, a still greater increase would have been expected 
for corn following soybeans. Corn takes nitrogen out of the 
soil but adds none; both clover and soybeans should add 
some nitrogen.
 “In our tests we were interested in the fact that the 
Clarion soil which gave the largest percentage increase (fi eld 
10) had the most sand and was the shallowest of all the 
Clarions we used. One would expect such a soil to furnish 
less nitrogen from native sources than the less sandy and 
deeper soils. Why was this fi eld out in front? The operator 
of the farm told us that in 1941 the soybean crop had carried 
unusually heavy nodule development. We assume that from 
the extra nitrogen furnished by the soybean nodules came 
this large increase in corn yield the next year. Soybeans may 
affect the yield of crops that follow in other ways besides 
adding nitrogen–they have a loosening effect which is 
particularly marked in soils with much clay. We think that 
probably accounts for some of the increase we obtained on 
the Webster soils.
 “In an experiment run for several years at the Ohio 
Station, soybeans had a benefi cial effect on corn, oats and 
sugar beets that followed. The yield of corn following 
soybeans was 34.8 bushels an acre as compared with 21.6 

bushels following corn and 34.2 bushels for corn following 
sugar beets. The benefi cial effect in this test was attributed to 
the loosening action of soybeans on the heavy soil used.
 “In all likelihood more nitrogen is available following a 
soybean crop than following a corn crop and this is of benefi t 
to corn. The loosening effect of soybeans may be important 
in increasing yields on heavy soils. In other years, however, 
differences in rainfall, differences in season and other 
factors that vary may lead to results different from those we 
obtained in 1942.
 “When plowed under for green manure, soybeans, like 
other legumes, are a soil building crop. When grown for hay, 
however, soybeans may deplete the soil of some nitrogen 
and organic matter. In contrast, alfalfa and clover grown for 
hay will result in the addition of nitrogen and organic matter. 
The main reason for the difference is that alfalfa and clover 
roots make up about one-fourth of the total growth of these 
plants, whereas soybean roots make up only about a tenth 
of its growth. If grown for grain, a well inoculated crop of 
soybeans may add a little nitrogen if the straw is left on the 
ground.
 “From the standpoint of removing mineral nutrients, 
soybeans rank about average among the crops grown in 
the Corn Belt, provided the straw is left on the ground. A 
25-bushel crop of soybeans will remove from the soil about 
the same amount of phosphorus as a 60-bushel corn crop and 
about twice as much potassium, but only about half as much 
potassium as a 2-ton crop of clover hay.
 “With conditions as they were in 1942, there seems to be 
little doubt but that corn following soybeans will yield more 
than corn following corn–at least on these soil types.
 A table shows yield of corn following corn and 
following soybeans in (a) Webster soils, and (b) Clarion 
loam.
 A portrait photo shows Enoch Norum. Address: Iowa 
State College, Ames, Iowa.

1252. Holzweissig, W. 1944. Potins autour de la nitragination 
[Gossip about nitrogen fi xation]. Revue Internationale du 
Soya 3(22):3-5. Jan/Feb. [Fre]
• Summary: Discusses Nobbe and Hiltner, Radicine, 
Hellriegel and Wilfarth, azobacter. Address: PhD.

1253. Koehler, Benjamin; Allington, W.B.; Kent, G.C.; 
Tervet, I.W. 1944. 1943 results of the uniform soybean 
seed treatment tests on soybeans. Plant Disease Reporter, 
Supplement (USDA) No. 145. p. 76-79. March 15.
• Summary: “The uniform seed treatment test on oil type 
soybeans was conducted in 9 North Central States in 1943. 
These tests were directed by the War Emergency Committee 
of the Upper Mississippi Valley Plant Pathologists. All the 
seed was treated and sent out to the cooperators from the 
U.S. Regional Soybean Laboratory at Urbana, Illinois. Seed 
of low viability was used and the planting rate was about 
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1 bushel of seed per acre. In the northern section (South 
Dakota, Minnesota, and Wisconsin) a Manchu type soybean 
(72% germination) was used while in the rest of the area the 
Lincoln variety (47% germination) was used.
 “In order to study the effect of seed treatment on the 
effectiveness of inoculation with nodule bacteria, the plots 
were split, each whole plot consisting of two 18-foot rows 
with the same chemical treatment, 1 row inoculated just 
before planting and 1 row left uninoculated. Each cooperator 
was furnished with a humus culture of soybean nodule 
bacteria with instructions to insure uniform inoculation at the 
different locations. Four randomized blocks were planted at 
each location. Since the treatment by inoculation interaction 
this year was not signifi cant the estimates of stand and yield 
given in the Tables are the average of 8 replications.
 “Data were taken on both stand and yield. The seed 
treatment chemicals and rates of application per bushel were 
as follows: Untreated check, Semesan Jr. 2 oz., Fermate 1 
oz., New Improved Ceresan 1/2 oz., Arasan 1 oz., Arasan 2 
oz., Spergon 2 oz., and Spergon 3 oz.
 Table 71 gives the names of the cooperators, locations, 
and general effects of the seed treatments at the various 
locations in 1943.
 “Effect of Soybean Seed Treatment on Stands: 
Signifi cant increases in stand from seed treatment were 
obtained in Minnesota, Ohio, Illinois, Iowa, and Nebraska, 
whereas the increases were not statistically signifi cant in 
Wisconsin, South Dakota, Kansas, and Missouri. For all 
the stations together every treatment used was signifi cantly 
better than the check as shown in Tables 72 and 73. The 
heavy application of Arasan appeared to be the best treatment 
this year. The treatment x station and the inoculation x 
treatment interactions were not statistically signifi cant. Very 
little is known concerning the causal factors for seed decay, 
seedling diseases. etc. with soybeans, consequently nothing 
was learned in regard to control of specifi c diseases of 
that nature. Most of the plantings were made later than the 
normal time due to unfavorable weather conditions. Fairly 
accurate records were kept of the environmental conditions 
from the time of planting until the fi nal stand counts were 
taken. The effectiveness of the seed treatments apparently 
did not depend upon any one environmental factor.
 “Effect of Soybean Seed Treatment on the Yield: 
Somewhat better yields were obtained from treated seed 
than from untreated seed in South Dakota, Kansas, Illinois 
and Ohio, but only in South Dakota were the increases 
signifi cant as shown in Table 74. No increases were obtained 
in Missouri, Iowa, and Nebraska. Yields were not obtained at 
St. Paul, Minnesota, and at Madison, Wisconsin.
 “Although in many cases attempts were made to locate 
the plots where soybeans had never been grown before 
in order to test adequately the effect of seed treatment 
upon the effectiveness of inoculation, only one station 
met with apparent success. At Brookings, South Dakota, 

the uninoculated rows were entirely free of nodules, 
While nodulation occurred in the inoculated rows. Careful 
examination of roots at this station disclosed that all the seed 
treatments were detrimental but not prohibitive to nodulation. 
The most interesting result in regard to inoculation, however, 
is that with the exception of Urbana, Illinois, all the locations 
reported decreased yields with inoculation. This was true of 
the checks as well as of the chemical treatments. The reason 
for this unexpected result is obscure. No effect on stands 
was found but some of the yields were reduced signifi cantly 
and the general reduction in yield at all locations was highly 
signifi cant (Table 75).
 “At the locations where the plants from uninoculated 
seed were well nodulated, treatments with the seed 
disinfectants used had no noticeable retarding effect on 
modulation.
 “The common farm practice at present is to plant more 
soybean seed per acre than is absolutely necessary in order 
to have added assurance of good stands. The result from 
seed treatment tests this year indicate that the rate of seeding 
might possibly be reduced about 10 percent without a 
reduction in stand if the seed is treated.
 “These tests must be conducted for several more years 
before defi nite conclusions can be reached. At present seed 
treatment for soybeans cannot be recommended.”
 Note 1. This is the earliest document seen (June 2007) 
that mentions Spergon.
 Note 2. This is the earliest document seen (Aug. 2009) 
with the term “seed treatment” in the title. Address: Soybean 
Seed Treatment Committee: 1. Illinois Agric. Exp. Station, 
Chairman; 2. U.S. Regional Soybean Lab.; 3. Iowa Agric. 
Exp. Station; 4. Minnesota Agric. Exp. Station.

1254. Carleton, R.M. 1944. You’d better grow soybeans. 
Better Homes and Gardens 22(7):19, 78. March.
• Summary: “Untroubled by insects or disease, as delicious 
as new peas, these nuggets give you more for your effort 
than any other vegetable. Grow and eat garden soybeans 
because of their wonderful fl avor and because you’ll enjoy 
them. You’ll fi nd them delicious, unlike any other vegetable, 
yet reminding you of the tenderest new peas or the most 
luscious baby limas. And you’ll notice a richness that 
reminds you of meat.
 “Actually, each bean is a compact nugget that crams 
into the least possible space the greatest possible food value, 
at a cost lower than any comparable food. What is more 
important, soybeans give you more food for your gardening 
effort than any other vegetable you can grow.
 “Even more important, the meat proteins and fats that 
have been taken away from us by war can be found in 
abundance in garden soys. The protein is the most complete 
that can be had from vegetables, and the fat or oil is 
relatively easy to digest.
 “Most vegetables appear only in a single course, but 
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garden soys can start the meal as soup, appear in the salad 
course, accompany the meat, form part of the dessert, and 
wind up the meal in lieu of the nuts!
 “They can be eaten fresh from the garden in the place 
of limas or fresh green peas, after drying are fi ne as boiled 
beans or in chili, and by a miracle of resurrection, become 
green vegetables, after sprouting in your kitchen.”
 There follows a detailed description of how to grow 
soybeans in a home garden. The importance of inoculation 
is discussed: “But since it is a legume, you’d better inoculate 
your seed, before planting, with the bacteria that draw 
nitrogen from the air in return for a place to live... They 
can be had in packaged form from your seedsman. But be 
sure you get the form that is specifi cally recommended for 
soybeans. Cultures for garden beans, peas, Lima beans, and 
so forth, will not grow on soys.”

1255. Nitragin Company, Inc. (The). 1944. It pays Big to 
inoculate with Nitragin (Ad). Soybean Digest. March. Back 
cover.
• Summary: A full-page ad–orange and black on white. “You 
get up to 50% bigger yields. You get more oil per acre. You 
increase protein content of hay and seed. You give the crop 
more vigor to fi ght weeds. You conserve soil fertility.”
 “Nitragin is the oldest, and most widely used brand of 
soybean inoculant.”
 In the lower right is an illustration of a can of Nitragin 
“The original legume inoculator. Fresh–High bacteria 
count. Dated.” Address: 3871 N. Booth St., Milwaukee 12, 
Wisconsin.

1256. Soybean Digest. 1944. Some Illinois experience with 
inoculation. March. p. 16-17.
• Summary: “Russell S. Davis, Clayton, Ill.: There are still 
a lot of questions about inoculation that I don’t have the 
answers for. I have thought at times there was a difference 
in varieties in their ability to make use of inoculation. But 
later we fi nd seemingly easy varieties to inoculate bearing 
no nodules whatever even when growing in soils previously 
producing crops with abundant nodules.
 “We had an unusual experience in 1943:
 “Field A–One of our highest in fertility level; has grown 
inoculated soybeans in the rotation for 25 years; plowed 
early April 1943; extremely wet season run ground together; 
water grass and smart weeds ten inches high were disked 
down June 20th (three diskings needed); weather favored 
us, we got a clean seedbed; planted forty inch rows; no 
cultures used; crop clean; good deep green color; but no 
nodules. Every little variation in fertility level in the fi eld 
was refl ected in the height of the crop. Yield 15 bu. per acre. 
Grew beans 1942.
 “Field B–Joins Field A; similar in every way except 
the general fertility level is about fi ve bushels per acre less; 
plowed wet June 21st; seedbed quite rough; forty inch rows; 

no cultures; planted June 23rd; clean crop; same variety 
as Field A; plenty of nodules; plants uniform height (not 
showing the little variations in fertility level); yield 27 
bushels per acre. Grew corn 1942, except for an acre and 
a half in the middle of the fi eld where we had an isolation 
multiplier plot of Lincoln soybeans in 1942. The crop on this 
acre and a half was very like that on Field A. No nodules, 
uneven height, no check was made on its yield, but it was 
visibly poorer.
 “The $64 question is–What made this difference in 
nodulation, and yield? We often hear reports of beans 
following beans doing better than following corn, but this 
is one exception. The cultures people tell us that is just one 
more illustration of why we should use cultures every year. 
How I wish we might have had a cultures check strip in Field 
A. We had used cultures on all but these two fi elds. Shortage 
of help, and the rush to get to cultivating forbade getting it 
done on these last plantings.
 “J.E. Johnson, president of American Soybean 
Association, Champaign, Ill.: With an apparent letting down 
in the soybean acreage on the part of those states supplying 
the large percentage of the Nation’s soybeans, the effi ciency 
and capacity essential for producing the much needed food 
as a vital weapon of war should be given the most careful 
consideration. Inoculation, speaking for soybeans, has 
long been known as one of the very important items in the 
effi cient production of soybeans. Granting that tests would 
indicate little benefi ts on fi elds where soybeans had been 
grown for several years the cost of inoculating soybeans is so 
small that growers can not afford to take chances with even 
these fi elds and surely not where soybeans are being planted 
for the fi rst, second or third time. This practice could be 
likened to the carrying of insurance on your property, while 
we do not expect the fi re we take this as a safety measure.
 “Through the Digest we wish to encourage each and 
every grower to think in the terms of highest effi ciency in 
soybean production for the 1944 and all succeeding crops, 
making use of proper inoculation as one of the factors for 
obtaining the highest possible yields.
 A photo shows “J.E. Johnson, president of the American 
Soybean Association, is one of Illinois’ leading farm 
managers. All soybeans grown on the more than 60 farms 
under his direction are inoculated.”
 “Harold L. Garwood, Frank S. Garwood & Sons, 
Stonington, Ill.: Up until three or four years ago, it was our 
belief that soybeans need not be inoculated more often than 
every second or third soybean crop, on land that did not 
show acidity. However, experimentation on our own farm 
within the past two or three years has proved to us, that we 
get slight increases in yield by inoculating our soybean seed 
each year. This increase in yield has been more than enough 
to compensate for additional inoculation and handling costs.
 “On more acid soils and soils of lower fertility levels, 
inoculation has seemed to increase yields to a greater extent 
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than it has on non-acid soils of higher fertility levels.
 “Nebraska:
 “Martin V.H. Prinz, Omar, Inc., Omaha: Less than 
40 years ago a few enterprising farmers tried to raise this 
new crop (soybeans), generally with discouraging results. 
Meanwhile scientists had discovered the secret of soybean 
cultivation. It consists in a certain type of bacteria, growing 
on the roots of the plant, which converts nitrogen from the 
air into soluble nitrogen compounds that can be assimilated 
by the growing plant. These bacteria are different from those 
growing on the roots of other leguminous plants. In the Far 
East, where soybeans have been grown for thousands of 
years, they are present in the soil. In the West they were not, 
and their absence was the reason for poor growth, low yields 
and an inferior composition of the seeds. The only remedy 
was to breed these bacteria in laboratories and to distribute 
the cultures among farmers, who had to be taught how 
to inoculate either the seeds or the soil, in order to obtain 
satisfactory crops. This was done in the United States on a 
large and ever increasing scale.”

1257. Garden Gate, Columbia Broadcasting System. 1944. 
Interview with W.J. Morse. Radio broadcast. CBS. 9:15 to 
9:45 AM. April 22. 3 p. transcript.
• Summary: “Worcester: I’ve a guest with me today to tell 
about a relatively new crop in the Victory Garden. He’s W.J. 
Morse–well known authority on soybeans. And after you 
hear him tell of the uses and values of the soybeans that can 
be grown easily in the average Victory Garden–I’m sure 
you’ll agree that most any garden plot of reasonable size 
ought to include a row or two of vegetable soybeans this 
year.
 “Mr. Morse–I’d like to know fi rst off, what’s the 
difference between these so-called vegetable soybeans and 
the kind farmers in the middlewest have been raising by the 
millions of acres for these past few years–for oil and for 
livestock feed?
 Morse: There really isn’t a great deal of difference. 
They’re all soybeans. They look alike and grow alike. But 
the vegetable varieties have certain qualities that make them 
better eating. For instance, most of the regular soybeans are 
more diffi cult to prepare and are tougher and harder. Many of 
the beans used for livestock feed have a less desirable fl avor. 
So the vegetable soybeans are really just a selected group of 
varieties better suited for table use.”
 “Tell me Mr. Morse–have we paid much attention to 
soybeans in this country until recent years?
 “Morse: A little over 50 years ago the Indiana 
Experiment Station mentioned the use of soybeans as a 
coffee substitute [Plumb 1894]. That’s the fi rst published use 
in this country other than for forage purposes. It seems that 
some Indiana farmer and his neighbors had been roasting 
the beans to make a coffee substitute. Only in recent years 
however has there been widespread interest in soybeans as 

human food in this country.
 “Worcester: Well let’s get down to the facts of raising 
these vegetable soybeans in the home victory garden. What 
kind of crop are they? Anything like other beans?
 “Morse: They grow much the same as the regular green 
bush beans. You plant them about the same time of year as 
corn or beans. They grow best in rows, 2½ to 3 feet apart and 
about 3 inches apart in the row. Seed ought to be inoculated 
before planting, and seeds can best be planted by hand in a 
small garden, putting them in about 1 inch deep.
 “Worcester: How long before they’ll be ready for the 
table?
 “Morse: That depends on the variety you plant and the 
way you use them. Some kinds like the Giant Green and 
the Sioux will mature in about 100 days. Others like the 
Hahto and Rokusun will take half again that long or about 5 
months.
 “Worchester: That’s a little too long for some gardens in 
the northern states.
 “Morse: Yes, I’m afraid so. In fact, unless the season is 
unusually favorable, many parts of the northern states are too 
cold for soybeans–the growing season just isn’t long enough. 
Of course, if you use the beans as a green vegetable, shelled 
from the pod like peas or lima beans, then you can harvest a 
little earlier than if you are trying to get mature dry beans.”
 Also discusses how to harvest, shell, cook vegetable 
soybeans. The biggest pest is rabbits, which can be stopped 
by dusting with hydrated lime. The key point is to be sure 
you have the right variety “and a long enough growing 
season so that the soybeans will mature before frost. They 
take quite a bit more time than the usual green beans.”

1258. Burlison, W.L. 1944. Growing edible soybeans: Some 
practical hints. Soybean Digest. April. p. 17.
• Summary: From an address at Farm and Home Week. 
“Growing soybeans in the victory garden should be no 
more diffi cult than producing snap beans. And because of 
the current scarcity of meat, the vegetable soybean with its 
high protein content will add an energy food to the family 
diet... The soybean will succeed on all types of good soil, 
the best results being obtained on mellow, fertile loams or 
sandy loams... One point frequently overlooked by the home 
gardener is the use of inoculation. If soybeans have not been 
grown before, the soil should be inoculated... Soybeans 
may be planted during a period extending from early spring 
to midsummer. It is possible to grow several varieties with 
different maturities so that the green vegetable may be 
picked from mid-August to mid-October.” Address: Head of 
Agronomy Dep., Univ. of Illinois College of Agriculture.

1259. Hampton, Herbert E.; Albrecht, W.A. 1944. Nitrogen 
fi xation, composition and growth of soybeans in relation 
to variable amounts of potassium and calcium. Missouri 
Agricultural Experiment Station, Research Bulletin No. 381. 
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36 p. April. Based on his 1943 PhD 
thesis, Univ. of Missouri. [36 ref]
• Summary: “Summary and 
conclusions: A study was made of 
the infl uence of variable supplies 
of exchangeable potassium and 
calcium on nitrogen fi xation and 
chemical composition of soybeans. 
Clay cultures, prepared by titrating 
electrodialyzed colloidal clay with the 
desired amounts of the nutrient ions, 
were used. The data obtained warrant 
the following conclusions:
 “1. Plant growth and the fi xation 
of nitrogen were increased by additions 
of both potassium and calcium. High 
levels of calcium stimulated nitrogen 
fi xation to a greater extent than did 
increments of potassium, which 
functioned chiefl y in the production of 
carbohydrates.
 “2. The infl uence of calcium on growth and nitrogen 
fi xation was more pronounced at low than at high potassium 
levels.
 “3. Additions of calcium increased while those of 
potassium lessened the activity of the plant in utilizing 
magnesium.
 “4. A low ratio of potassium to calcium was necessary 
for maximum nitrogen fi xation.
 “5. High nitrogen levels in the plants were closely 
related to increase potassium intake.
 “6. In comparison to the non-nodulated plants, the 
inoculated soybeans were characterized by high potassium 
as well as high calcium and nitrogen contents.” Address: 
Columbia, Missouri.

1260. Umbreit, W.W. 1944. Three more reasons for soybean 
inoculation. Soybean Digest. April. p. 9-10.
• Summary:  “Soybean inoculation has been a necessary 
and exceedingly profi table practice since the introduction 
of the soybean into the Americas. Yet, aside from the mere 
mechanics of inoculation, few growers realize just what is 
being done in the process. It is the purpose of this article to 
explain the why’s and wherefore’s of soybean inoculation; 
in short, to describe how the grower can use it to best 
advantage.
 “Inoculation consists of putting a particular kind of 
bacteria on the soybean seed. Bacteria are exceedingly small 
living organisms. They are so tiny that they only have one 
cell and a very minute one at that. But the important thing is 
that they are alive and must be treated as living beings. They 
are not an ‘inert’ chemical, like fertilizers; they are even less 
hardy than seeds, and of the many kinds of bacteria which 
exist, the kind which is valuable to the soybean is one of the 

more sensitive.
 “Small but Not Insignifi cant: One would think 
that because they are so small they would therefore be 
insignifi cant, but they make up for their small size by large 
numbers and great activity. One would also think that 
because they are so small (they can be seen as individuals 
only with the highest power microscopes) very little could 
be found out about them. But that is not the case. By means 
of a variety of ingenious methods they can be obtained in 
‘pure culture’ (a group of bacteria all of the same kind) and 
these cultures have been studied extensively. Of course, such 
studies are somewhat limited since special equipment and 
materials are necessary, but the practical signifi cance of what 
has been found out is great.
 “The ‘soybean bacteria’ (technical name Rhizobium 
japonicum), when conditions are right, can enter into the 
roots of the soybean plant (they go in through the root 
hairs), can grow inside of the roots causing a swelling 
(called a ‘nodule’) and most of the time this nodule is 
capable of supplying the soybean with all of the nitrogen 
it needs. This it does by a process called ‘nitrogen fi xation’ 
in which the nitrogen gas of the air (80 percent of the air is 
nitrogen) is somehow converted into nitrogen compounds 
which the plant can use. This process makes the soybean 
an exceedingly valuable plant since it can obtain its protein 
(which is mostly nitrogen) from the air and does not need 
to rob the soil of this essential element which is scarce and 
expensive.
 “Furthermore, the soybean, under these conditions, 
is not only high in protein itself but even adds nitrogen to 
the soil for other crops to use later. Great effort has been 
expended to fi nd the best way of utilizing this very valuable 
attribute of the soybean bacteria and the result has been the 
practice of inoculation.
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 “To be sure, the soybean bacteria can exist in the soil in 
which soybeans have been grown and one would think that 
once one had inoculated a fi eld of soybeans and obtained a 
good crop, there would be no further need for inoculation 
because the bacteria were now in the soil for any future 
crop. In some cases this is doubtless true, but many studies 
have shown that in a high proportion of cases one can obtain 
marked benefi ts from inoculation even if there are plenty of 
bacteria in the soil from preceding crops.
 “As we have said, the soybean bacteria are small and 
delicate, and it takes a great many to do the job we want 
done. Under most conditions not enough survive the course 
of two or three years in the soil (they cannot live in the 
roots of other plants, even other legumes) to give the best 
inoculation. One actually never knows whether the bacteria 
have remained alive in suffi cient numbers to do a good 
job until the crop is grown, when, of course, it is too late 
to remedy the situation. The solution of the diffi culty has 
been to place active bacteria in large numbers on the seed at 
planting; in short, to inoculate. Particularly on slightly acid 
or acid soils, inoculation is vital, since the bacteria in such 
soils do not survive in large numbers for very long.
 “Plant Passage: Perhaps even more important, it is 
possible to obtain benefi t from inoculation when there are 
plenty of bacteria in the soil. Part of the benefi t is probably 
due to placing the bacteria right on the seed so that they are 
there when the seed germinates and the seedling starts to 
grow. One can expect much earlier nodulation and a longer 
period for nitrogen fi xation.
 “But another important benefi t has been recognized 
only recently. About ten years ago Allen and Baldwin 
reported experiments which tended to explain what practical 
growers had been reporting for some time, i.e. that there 
was a response to inoculation even when there were plenty 
of bacteria in the soil. Allen and Baldwin studied ‘plant 
passage.’ This consisted of inoculating soybean plants with 
a pure culture of soybean bacteria, allowing nodules to 
form and using the bacteria from these nodules to inoculate 
another soybeans, etc. That is, the bacteria were kept alive 
by growing them in the plants themselves, comparable to 
what happens when one relies upon the bacteria applied in a 
previous growth of soybeans to inoculate the new crop.
 “It was found that bacteria which could fi x large 
quantities of nitrogen (‘good’ cultures) gradually deteriorated 
during such plant a passage (‘poor’ cultures increased in 
ability to fi x nitrogen). Since the soybean bacteria in the soil 
are a mixture derived from one, two or more such ‘passages’ 
one would expect that their ability to fi x nitrogen to be 
somewhat harmed by this treatment.
 “Surveys of Bacteria: Later surveys of soybean bacteria 
in the soils of Wisconsin showed that about one-fourth were 
‘good,’ about one-half were ‘fair,’ and that about one-fourth 
were very poor nitrogen fi xers. These results are illustrated 
in the fi gure. Bacteriologists have developed ways of holding 

the bacteria at their peak effi ciency and if these bacteria are 
put on the seed they are very likely to fi x more nitrogen than 
the mixture found in soils, some of which are very poor. If 
one gets there fi rst with the ‘good’ bacteria the poor ones in 
the soil don’t have a chance.
 “And in addition to all of this, there is even evidence 
that inoculated soybeans may give a better crop than 
uninoculated plants fed all of the nitrogen they can use. 
This is illustrated in the photograph in which, in spite of the 
fact that the plants fed combined nitrogen are excellent, and 
would give remarkable yields, the soybeans fed no nitrogen, 
but dependent entirely upon the activities of the soybean 
bacteria are even better.
 “Even among soybean bacteria there are marked 
differences in nitrogen fi xing ability. It is the task of the 
producer of inoculum to search out the most effi cient strains, 
to keep them at peak activity, and to provide the means 
whereby fresh active effi cient bacteria can be placed in large 
numbers on the seed at the time of planting. In order that 
the bacteria may be active and not be killed off or lost in the 
planting process, they must be placed on the seed in the form 
of a wet suspension, even for the ‘dry’ or ‘humus’ type of 
inoculum.
 “To the basic reasons for inoculation which have been 
emphasized for the last quarter century, that is:
 “1. Always inoculate soybeans when growing them for 
the fi rst time on a new soil.
 “2. Always inoculate soybeans when grown on slightly 
acid or acid soils, since inoculation provides an insurance 
against crop failure due to lack of bacteria.
 “It is now possible to add several more reasons why one 
should inoculate, even in cases where there are likely to be 
plenty of bacteria in the soil, since:
 “3. One is sure that there are plenty of effi cient, active 
bacteria on the seed, where they will do the most good.
 “4. One can get a crop of higher protein content by 
inoculating with good bacteria than if one relies solely upon 
the bacteria in the soil, some of which may be poor in their 
ability to fi x nitrogen and benefi t the plant.
 “5. One can obtain a larger crop of soybeans when 
grown with effi cient bacteria than when all of the nitrogen 
which they can use is supplied from the soil.”
 Figures show: (1) Photo of the roots of a soybean plant 
with nodules growing near the upper part. (2) Graph: The 
ability of bacteria to fi x nitrogen decreases as the number 
of “plant passages” increases. (3) Bar chart: Of the bacteria 
found in Wisconsin soils, about 50% were “fair,” and 25% 
each were “good” or “poor.” (4) Photo: Growth of inoculated 
soybean plants compared with uninoculated plants supplied 
with nitrogen (100 or 200 lb/acre of ammonium nitrate). 
The inoculated plants are signifi cantly bigger, whereas the 
uninoculated plants with 100 lb/acre of ammonium nitrate 
are the smallest. Address: Dep. of Agricultural Bacteriology, 
Univ. of Wisconsin.
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1261. Leonard, L.T. 1944. Method of testing legume 
bacterial cultures and results of tests of commercial 
inoculants in 1943. USDA Circular No. 703. 8 p. May. [2 ref]
• Summary: Contents: Commercial inoculants. Regulation 
of sale. Method of testing: preparation of subsamples, seed 
and its treatment. inoculation and planting, observations and 
performance. Test of commercial inoculants in 1943.
 Table 1 (p. 2) is a “List of commercial seed and soil 
inoculants sold in the United Stales in the fi scal year 1943.” 
For each is given: (1) Trade name. (2) Carrier (such as peat, 
agar, paste, etc). Manufacturer and distributor (the various 
distributors are listed underneath the manufacturer and 
indented). Address (city and state).
 For example: Kalo Inoculant Co., Quincy, Illinois. Kalo 
has about 10 brands.
 Table 2 (p. 7) is “Summary of results of greenhouse tests 
on samples of legume bacteria cultures of commercial origin 
in the fi scal year 1948.” Tests are made on seven different 
leguminous crops: Alfalfa, clover, cowpeas, lespedeza, 
soybeans, beans, vetch. Under each legume are two columns: 
U = unsatisfactory, and S = satisfactory. For each trade name 
is given a total and a source total.
 Note 1. This is the earliest document seen (June 2017) 
that mentions Kalo Inoculant Co.
 Note 2. The author’s full name is Lewis Thompson 
Leonard. Address: Bacteriologist, Division of Soil and 
Fertilizer Investigations, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Research 
Administration.

1262. Wilson, J.K. 1944. Over fi ve hundred reasons for 
abandoning the cross-inoculation groups of legumes. Soil 
Science 58(1):61-69. July. [11 ref]
• Summary: “The results indicated that the projected 
boundaries around the twenty-two proposed cross-
inoculation groups, which have been built up during the last 
56 years, overlap so much that it appeared impossible to 
assign a plant to one group or to have an organism that was 
specifi c for a group. This statement is justifi ed by over fi ve 
hundred recorded cases in which plants could be assigned 
to more than one group. It is suggested, therefore, that each 
of these cases constitutes a reason for abandoning the cross-
inoculation groups.” Address: Cornell Univ. [New York].

1263. Arnold, H.C. 1944. Agricultural Experiment Station, 
Salisbury. Annual report of experiments, season 1942-43. 
Rhodesia Agricultural Journal 41(4):208-25. July/Aug.
• Summary: Yields of maize and soya beans in bags (200 
lb each) per acre are given. Soya bean yields are up 30% 
because (1) a heavier yielding strain, Hernon 107, was sown; 
(2) there was complete inoculation with the specifi c bacteria 
through sowing on land which had grown soya beans only 
2 years previously; (3) the frequent rain favored soya bean 

growth.
 The effect of various manurial dressings [fertilizers such 
as compost, lime, phosphate, and various combinations of 
these] on soya bean seed production was studied. Compost 
+ lime gave the highest yields (8.8 bags/acre; 1 bag = 200 
lb). Soya beans were also used as a green manure crop and 
their effect on maize and on other soya beans was shown to 
be signifi cant. Soya bean strain trials were conducted. The 
best Hernon strains in general cultivation now are No. 107, 
55, and 18. Address: M.B.E., Manager, Salisbury Agric. Exp. 
Station.

1264. Norman, A.G. 1944. Inoculation and nitrogen nutrition 
of soybeans. Soybean Digest. Sept. p. 41-42.
• Summary: Editor’s introduction: “Have we been expecting 
too much of the nitrogen-fi xation mechanism of the soybean 
plant? Dr. Norman presents some evidence which points 
toward that possibility. The author, formerly biochemist 
to the Rothamsted Experiment Station in England, has 
been professor of soils at Iowa State College since 1937. 
At present he is in Washington on leave doing work in 
connection with the war effort.”
 “The widespread adoption of soybeans brought with 
them for us certain land-use problems, for which answers 
were not available but for which solutions will be needed 
if this most interesting and valuable crop is to have a 
permanent place in our agriculture. We need to know how 
to fi t it into the rotations that suit the type-of-farming areas 
of the state; we need to know the fertility level that is most 
effi ciently used in production of beans; we need to know the 
nutritional requirements of the soybean plant and the effects, 
if any, which this crop may have upon the soil and upon 
succeeding crops.
 “I do not bring you the answer to these questions. 
Indeed, our whole program comes under the category of 
unfi nished business induced by war and interrupted by war. 
All that is possible now is to indicate some of the lines 
along which our thoughts have been running, one or two 
of the theories formulated and the direction of some of the 
experiments that have been carried out to test them.
 “Let us start with the most unprofound statement that 
the soybean is a legume and, as such, has the property of 
entering into a symbiotic relationship with certain bacteria, 
as a result of which nodules are formed on the roots and 
nitrogen made available to the plant. In other words, the 
soybean plant, while capable of taking up soil nitrogen as do 
other plants, has supplementary means of obtaining nitrogen. 
To a considerable extent, it would seem that on the relative 
contribution made by these two nitrogen sources–soil nitrate 
by normal absorption and atmospheric nitrogen through 
the activity of bacteria in the nodule–ultimately hinges a 
substantial part of the answer to the land-use and fertility 
problems that face us.
 “Soybeans and Nitrogen: It is another remarkably 
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unprofound statement to say that, though the total weight 
of material produced by the soybean crop per acre is not 
exceptionally high, it is a crop that is relatively high in 
nitrogen. For every bushel of beans roughly 3.6 pounds of 
nitrogen is required, apart from that left in the straw. The 
state-wide average yield for Iowa since 1939 is 19.2 bushels, 
which means 69 pounds of nitrogen. The straw and roots of a 
crop of this size account for about 25 pounds more, making a 
total of 94 pounds nitrogen for an average crop of beans.
 “Now, the average corn yield for the same period has 
been in the neighborhood of 54 bushels, which requires 
about 54 pounds of nitrogen. If an additional 30 pounds 
be added for the stover and roots, one arrives again at a 
total of about 84 pounds nitrogen. Since corn does not 
have a supplementary source of nitrogen, the inference is 
that Iowa land of average fertility must provide at least 
80 to 90 pounds of available nitrogen per acre during the 
growing season, which amount would theoretically be almost 
suffi cient to provide for an average yield of beans without 
any contribution through the nodule.
 “Alternately, one could say that theoretically there 
is enough nitrogen to allow an unnodulated bean crop to 
produce an average yield of beans and this is certainly the 
case on land producing better than average corn yields. 
The question at once arises as to the contribution which 
the nodule makes, and whether a nodulated bean plant 
makes a lesser demand on the available soil nitrogen than 
an unnodulated plant and whether it is effi cient land-use to 
grow a crop that has a supplementary nitrogen source on 
land that contains suffi cient or almost suffi cient nitrogen for 
the crop without the aid of the supplementary source. The 
issue is point of balance between the two sources of nitrogen 
available to the soybean plant. Does one take precedence 
over the other?
 “Does most of the nitrogen present in a nodulated bean 
plant come from the air, even if there is plenty of available 
nitrogen in the soil, or does the plant primarily use nitrogen 
from the soil, so that the contribution made by the bacteria in 
the nodule is small?
 “The problem, therefore, is to attempt to determine the 
source of the nitrogen in the bean plant, which, frankly, is 
not easy. Most methods of approach have to be indirect; they 
can, of course, be made in the fi eld or the greenhouse.
 “The fi rst possibility might be to compare the nitrogen 
content of an unnodulated crop with a nodulated crop on 
the same land. All the nitrogen present in the unnodulated 
crop must be soil derived, but is it a safe assumption to say 
that the difference between this and the amount found in 
the nodulated crop must have been fi xed from the air? A 
possible conclusion would be that both crops took at least 
62 pounds of nitrogen from the soil, but that the nodulated 
plants supplemented this with 26 pounds from the air. This, 
however, is not safe, because an unnodulated legume is not 
physiologically the same plant as a nodulated legume, so that 

uptake from soil by the latter might conceivably be higher or 
lower than that by the former. Only safe conclusion is that 
probably 26 pounds of nitrogen were fi xed but -the amount 
might well be more, or might conceivably be somewhat less.
 “Information on the relationship between the amount 
fi xed from the air and the amount of available nitrogen taken 
up from the soil should, however, be obtainable by varying 
the latter. This amounts to asking the question as to whether 
the amount fi xed has anything to do with the amount of 
soil nitrogen available. This can more readily be studied in 
the greenhouse than in the fi eld. I have results of such an 
experiment very carefully conducted in soil of relatively low 
available nitrogen content, which latter was increased or 
decreased by various applications. If fi xation is independent 
of soil nitrogen, then the yield and nitrogen present in the 
crop should not be altered by the additions made to the soil.
 “Differences in Yield: The results show substantial 
differences in yield between the various series, in which 
the dominant variable was the amount of available 
nitrogen in the soil. The growth was roughly proportional 
to the available soil nitrogen present, despite the fact that 
possession of the nodule mechanism of fi xation might 
be considered to have made them independent of the soil 
source. Lowering the soil nitrogen by the addition of straw 
produced a decrease in yield and nitrogen in the plants; 
raising it moderately, as in the 1 gram application, or 
substantially, as in the 3 gram application, increased the yield 
and the nitrogen in the crop.
 “This experiment leaves uncertain the source of the 
nitrogen that actually went into the plant. Nodules were 
present in all cases, but there is no way of telling, for 
example, in Series 4 how much of the 2057 mg. found in the 
crop came from the 3000 mg. added plus that in the soil, and 
how much was acquired by fi xation from the air. If this were 
known, it would be possible to say whether an increasing 
level of available soil nitrogen within limits causes the 
plant to be able to fi x more nitrogen or whether it is used 
alternatively and less nitrogen is fi xed.
 “This can now be tested by hanging a tag on the nitrogen 
added to the soil so that if the same kind is found in the 
plant, it will be known to have come from the soil. To do 
this, a form of nitrogen, called an isotope, that is fractionally 
heavier than that which occurs normally is used. Chemically 
it is identical and the plant does not distinguish between it 
and the normal form. If the soil nitrogen is mixed with, say, 
5 percent of the heavier kind, and if later the nitrogen in the 
mature plant is examined and found also to contain 5 percent 
of the isotope, it is certain that all the nitrogen in the plant 
came from that added to the soil. If, however, 2.5 percent 
only is found, then the conclusion is that only half came from 
the soil, the other half being derived from the air through the 
fi xation mechanism” (Continued). Address: Prof. of Soils, 
Iowa State Univ. College (since 1937); formerly biochemist 
to the Rothamsted Experiment Station, England.
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1265. Norman, A.G. 1944. Inoculation and nitrogen nutrition 
of soybeans (Continued–Document part II). Soybean Digest. 
Sept. p. 41-42.
• Summary: (Continued): “This isotopic nitrogen technique 
is quite recent, and, incidentally, is applicable to the 
study of many problems of nitrogen fi xation. In one such 
experiment, increasing quantities of nitrate were added 
to inoculated soybeans in a soil of low fertility. The 
applications were made, not in one large amount initially, 
but in eight equal amounts at weekly intervals. The fi rst 
conclusion from this experiment is that, as shown before, 
the yield of the nodulated plant is affected by the level of 
available nitrogen present. The plants receiving a high level 
of available nitrogen outyield the plants receiving a lower 
level, despite the presence of the supplementary source of 
nitrogen provided by the nodule. Secondly, there was an 
appreciable amount of nitrogen fi xed even at the highest 
rate of nitrogen application. The column for nitrogen fi xed 
does not distinguish between that taken from the air and that 
from the soil organic matter, but the latter can be assumed 
to be low because of the nature of the soil used in the test. 
Increasing the available soil nitrogen, then, does not appear 
proportionately to reduce that which is fi xed.
 “These experiments might seem to be rather artifi cial, 
and the next step is to test these results in the fi eld. 
Experiments were conducted on immediately adjacent 
terraces on Marshall silt loam that differed only in the 
fact that, while one had been in a rotation which included 
a legume for about nine years, the rotation on the other 
included no legume. Since soybeans had not before been 
grown on the land, it was possible to include also inoculated 
and uninoculated plots. A hilltop nearby with deeper topsoil, 
and that also had had a legume in the rotation, was also used.
 “Fertility Level: As the general fertility level increased, 
so also did both yield and nitrogen in the beans from the 
uninoculated plots. This is as one would expect but the same 
was the case in the inoculated beans, the growth of which, 
despite the presence of the supplementary nitrogen-fi xing 
mechanism, was nevertheless affected by the fertility level, 
which in this experiment would be manifest primarily in the 
amount of available nitrogen present in the soil.
 “In fact, the apparent benefi t of inoculation or, more 
properly, the difference between unnodulated and nodulated 
plots are proportionately less as the fertility level improves. 
Moreover, a yield of almost 23 bushels was obtained in an 
uninoculated crop, which bears out the original contention 
that these prairie soils do ordinarily provide suffi cient 
available nitrogen for a good yield without any contribution 
from the nodule. This is not, however, to be interpreted as an 
argument against inoculation.
 “The next point to consider is why the level of soil 
nitrogen should have this apparently dominant infl uence on 
the ultimate growth and yield of the plant, which one might 

expect would be rendered independent of it, if nodulated. 
It is necessary to remember the relatively short season of 
growth of this crop. Like other plants, its growth curve can 
be represented by a fl attened S, at fi rst slowly rising, then 
rapidly, then slowly levelling off. If the plant is to make 
the maximum yield, it should not be limited for nitrogen 
through the middle season period. The question arises then 
as to whether the nodule in this short mid-period of 30 to 
40 days can provide as much as the plant can utilize. If not, 
then any additional available nitrogen in the soil should 
show dividends in yield. In the same experiment some 
uninoculated plots were treated with an excess of nitrogen 
applied as urea at the rate of 94 pounds per acre at planting 
time and 64 pounds additional late in July, approximately 
70 days after planting. Beans so treated and without nodules 
signifi cantly outyielded the inoculated beans. Such a heavy 
rate of application is, of course, not practical, but the 
experiment shows that the soybean can effectively use more 
nitrogen than is provided by the nodule mechanism.
 “Midseason Nitrogen: The deduction is that any 
management practice which tends to raise the available 
nitrogen in midseason is likely to increase the yield of the 
crop. The easiest way to do this experimentally would be to 
make applications of nitrogenous fertilizer at that time. This 
was done in comparison with similar applications made at 
planting time. The midseason application gave signifi cant 
increases in yield in two different experiments in 1943, 
both experiments being on land of high fertility. In the case 
of Field A, on some other plots no less than four nitrogen 
applications were made through the growing season in order 
to have an excess available at all times. The beans in these 
plots did not yield higher than those receiving the single 
midseason application.
 “Plowing under straw at a heavy rate on the same fi eld 
did not decrease the yield of beans, and, in fact, increased 
it slightly but not signifi cantly. However, the combination 
of straw plowed under in the spring and nitrogen fertilizer 
applied at mid-season gave the highest yield of all plots. 
There was a highly signifi cant increase of 4.8 bushels over 
check, the check itself being at the high level of 29 bushels. 
The interpretation here is that the effect of the straw was 
to redistribute the supply of available nitrogen in the soil, 
somewhat reducing it at the early part of the season when the 
crop was not large enough to make use of it, and spreading 
out the effect of that added later.
 “As mentioned earlier, this amounts to a progress report. 
Certain things have been established and certain theories 
formulated. It is clear that the nitrogen nutrition of the 
soybean is by no means as simple as it might seem. It has 
been established that even under the best conditions, the 
yield of the nodulated plant is much affected by the available 
nitrogen supply, which means that maximum growth 
cannot be obtained if the plant is dependent on the nodule 
mechanism alone.
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 “Critical Period: The midseason period appears to be 
the critical period with respect to use of nitrogen by the 
plant, and the probability is that any management practice 
that results in an increase in available nitrogen at this time 
is likely to result in greater yield. In the management of 
soybeans in the past, it has perhaps too frequently been 
assumed that, as far as nitrogen is concerned, the plant would 
take care of itself because of the presence of nodules. It has 
been our experience, and I believe the Illinois experience 
too, that soybeans do not respond well to direct fertilization 
with phosphate and potash and yet, almost paradoxically, 
that they do respond to management practices that might be 
expected to raise the general fertility level of the soil.
 “It would seem to me that this alone should cause us 
to wonder whether the available nitrogen in the soil might 
not be a determining factor in the yield of soybeans as it is 
with non-legumes, and the evidence which we have been 
assembling certainly points to the fact that we have expected 
too much of the fi xation mechanism and so have had too 
restricted an idea of the nitrogen nutrition of this crop.” 
Address: Prof. of Soils, Iowa State Univ. College (since 
1937); formerly biochemist to the Rothamsted Experiment 
Station, England.

1266. El-Chazli, Riad; Canaan, Chafi k. 1944. La culture 
du soja en Égypte [Soybean culture in Egypt]. Bulletin de 
l’Union des Agriculteurs d’Egypte 42(353):217-20. Sept/Oct. 
English-language summary in Soybean Digest, Feb. 1946, p. 
22. [1 ref. Fre]
• Summary: Long cultivated in East Asia, the soybean is a 
rich source of protein, phosphates, and vitamins. Until very 
recently, no one has taken seriously the cultivation of soya in 
Egypt. Based on the American experience, we now know it 
is necessary to introduce special nitrogen-fi xing bacteria into 
the soil in which this plant will be grown. In Egypt one can 
easily fi nd soils suited to soybean cultivation. The authors 
then discuss details of soybean cultivation and harvest as 
they would apply to Egypt. They believe that the soybean has 
a good future in Egypt. Address: Ing.-Agr., Egypt.

1267. Associated Seeds, Inc. 1944. A descriptive catalogue 
of fi eld, pasture grass and soil-improvement crops: Asgrow–
Texgrow. San Antonio, Texas. 48 p. Dec. 1. 23 cm.
• Summary: On the cover of this catalog the word “Asgrow” 
is in a horizontal oval. The Foreword states that this is 
the fi rst edition of this catalog, and that Associated Seed 
Growers, Inc. is the parent company of Associated Seeds, 
Inc. The page titled “Associated Seeds, Inc.” states that the 
company has its main offi ce and warehouse at 1226 East 
Houston St., San Antonio, Texas. They have two branch 
warehouses (in Robstown and Weslaco), and a breeding 
station and experimental grounds at Robstown. The company 
is “Distributors of Asgrow and Texgrow seeds for farm, 
ranch & garden.” Associated Seeds is “Affi liated with 

Associated Seed Growers, Inc., breeders and growers of 
seeds since 1856, New Haven 2, Connecticut.”
 The section titled “Legumes” (p. 16+) begins by noting: 
“Legumes comprise a vast group of more than 7,000 species, 
among which are many extremely important crops plants 
such as peas and beans high in protein for food; soybeans 
of great value for food, feed, and industrial uses...” A large 
photo shows the nodules on legume roots, which are caused 
by nitrogen-fi xing bacteria. The fi rst legume in the section is 
alfalfa (Medicago sativa), which is a perennial legume but 
not a clover.
 The full-page section titled “Soybeans–Soja max” (p. 
23) notes that under the growing conditions of south Texas, 
they are recommended only for use as green manure, to 
which the two varieties offered–Laredo and Red Tanner–are 
well adapted. A large photo (p. 23) shows two men standing 
in a fi eld of Asgrow soybeans grown for seed. A two-page 
table titled “Planting table for San Antonio Area” (p. 24-25) 
gives information on more than 50 crops, for example: Name 
of crop: Soybeans. Time to sow: Feb. to May–July to Sept. 
Pounds of seed required per acre: Rows 20-40. Broadcast: 
60-90. Depth to plant: 2-3 inches. Pounds per bushel: 60. 
Approx. number of seeds per pound: 2,000 to 8,000.
 The section titled “Better strains for southern farmers. 
The Asgrow program of development” (p. 44-45) contains 
large photos of: (1) “Our plant-breeding station at Robstown, 
Texas.” Customers are always welcome to visit. (2) “A 
100-acre breeding fi eld of Asgrow corn. Tassels have been 
removed from all but the lighter rows, which are the pollen 
parents.” (3) “Carefully bagged and stored, Asgrow Seeds 
await shipment” in a large warehouse. Many stacks of bags 
are piled 7-8 feet high.
 The section titled “Associated Seeds, Inc.” (p. 46-47) 
contains photos of: (1) “Our San Antonio premises, 1226 
East Houston Street, located for speedy service.” A railroad 
siding goes along one side of the building. On that side 
of the building are written: “Associated Seeds, Inc.” and 
“Asgrow Seeds.” (2) “A corner of our warehouse and store at 
Robstown.” (3) “Modern [seed cleaning] mills are installed 
at our San Antonio plant, but...” (4) “... some species must 
fi nally be picked by hand.” Eleven women are seated at 
separate stations picking out unwanted material. The index 
(last page) lists 86 plant species or varieties, including 31 
different sorghums and 19 grasses. On the back cover are 
the words “Asgrow” in a horizontal oval and, below it, 
“Texgrow.”
 This catalog is owned by Special Collections, USDA 
National Agricultural Library, Beltsville, Maryland. Address: 
1226 East Houston St., San Antonio 6, Texas. Phone: Fannin 
0353; L.D. 515.

1268. Arnould, J.F. 1944. Le Soja [Soybeans]. Revue 
d’Agronomie Coloniale (Costermansville) 1(2):7-39. Dec. 
[Fre]
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• Summary: Contents: Summary. Part I. Introduction. 
Botanical. Soybean culture. Threshing. Yields. Storage. 
Inoculation. Part II. Varietal improvement: Adaptation, 
selection, study of heredity. Chemistry of the soybean. 
Technology: Uses, transformations. Address: Ingenieur 
Agronome A.I. Gx. [Association des Ingenieurs sortis 
de l’Institut Agronomique de l’Etat a Gembloux] 
[Costermansville].

1269. Iftner, G.H. 1944. Soybeans after the war–6: 
Government and the grower. Soybean Digest. Dec. p. 6-7.
• Summary: “Soybean growers in the postwar era will 
expect little more from government than they received in 
the immediate pre-war years, judging from the reaction of 
representative producers who have expressed opinion on the 
subject.
 “Growers may be expected to look to governmental 
agencies for some activity in postwar years in four areas 
of the industry–namely: (1) production, (2) marketing, (3) 
processing, and (4) industrial uses and consumption.
 “The degree of their interest will be greater in the fi eld 
of production and lesser in the industrial division of the 
industry.
 “Production: Soybeans have become an important crop 
in Midwest agriculture because they have been a profi table 
crop. Soybeans became profi table because governmental 
agencies, through investigations and research, brought 
forth improved varieties and cultural practices, enabling 
growers en masse to grow the crop successfully. It was 
the Division of Forage Crops and Grasses of the U.S. 
Department of Agriculture, cooperating with various state 
agricultural experiment stations and pioneer growers that 
placed soybeans high on the list of farm crops produced 
in the prewar period. The work of these agencies is not 
fi nished. Therefore producers will expect them to carry 
on experimentally in the postwar years, particularly along 
these lines: Control of diseases and insects, variety studies, 
determination of oil and protein content, fertilization, 
inoculation, livestock nutrition, harvesting and storage 
factors, and cultural methods.” Address: Director of grain 
marketing, Illinois agricultural Assoc.

1270. Bordas, Jean. 1944. Le Soja: Agronomie du soja, 
utilisations agricoles et alimentaires, usages industriels, 
économie du soja, état actuel de la question en France. 
Dieuxème ed. [The soybean: Agronomy, agricultural and 
food uses, industrial uses, economics, and present status in 
France. 2nd ed.]. Montpellier, France: Dubois et Poulain. 32 
p. The 1st edition (36 p.) was published in 1937. [39 ref. Fre]
• Summary: Contents: 1. Introduction (he notes that 
World War II is “the war we have just lost”). 2. Soybean 
agronomy: Botanical characteristics, varieties (in Japan, 
China, Manchuria, USA), acclimatization trials in 
Europe, soybean cultivation (incl. inoculation), 3. Food 

and agricultural uses of soya: Chemistry of the soybean, 
alimentary physiology, as a feed for animals (soybean cake, 
forage, soybean seed and fl our, soymilk mixed with 25% 
animal milk), other agricultural uses, as a human food (soy 
sprouts, tofu, fermented tofu, smoked tofu, how to make 
tofu), condiments–sauces (soy sauce, miso, tuong of the 
Annamites, soy coffee, provisions / rations), human therapy 
(incl. infant foods).
 4. Industrial uses: Soybean oil, casein, plastic materials 
(Sojalithe), vegetable lecithin, cellulose, sterol.
 5. Soy in the economy: Production, imports and exports.
 6. The present state of the soybean question in France–
Conclusion.
 A full-page table (p. 7) shows varieties developed and 
acclimatized to various countries. France: Rouest 29. Rouest 
250. Rouest 104. Rouest 14. Rouest 71. Rouest 60. Rouest 
178. Rouest 16. Rouest 36. Rouest 85. Rouest 6. Rouest 67. 
Rouest 40. Rouest 500 M. Rouest 13. Vilnensis.
 Russia: Schribaux (Rouest). Lawes et Gilbert (Rouest). 
Miège (Rouest). Staroukrainskaya. Halton 502/2. Kouben 
0.354. Kouben 0.375. Kharbinskaya 190.
 Germany: Früheste Mittelhôhe gelbe. Mittel Frühe. 
Mitteleurope. Diekmanns frühgelbe. Diekmanns hel’gelbe. 
Diekmanns grungelbe. Platter silo. 236 Pappelsdorf. 238 
Pappelsdorf.
 England: Green Jap. Brown C. Yellow J.
 United States: Cayuga. Manchu. Illini. Tokio noir 
[Tokyo Black]. Mandell. Black Eyebrow. Wisconsin. 
Chestnut. Mandarin. Lisbonne.
 On page 8 is an interesting map of France which shows: 
(1) Twelve centers of agronomic research. (2) A shaded 
zone which is the area of optimal production of soybean 
seeds. It is in the southeast of France and along the eastern 
side of France all the way to the northern border. This zone 
includes (from southwest to northeast) the following centers: 
Toulouse, Montpellier, Avignon, Antibes, Clermont, Dijon, 
and Colmar (in Alsace).
 Pages 5-6: The fi rst trials made by the agronomic 
stations in France date from 1901. Mr. Lechartier, director 
of the station at Rennes, concluded at the end of his 
observations, that the production of soybean seeds would be 
more advantageous in a climate that was drier and warmer 
than that of Brittany (Bretagne).
 These were the same conclusions that Mr. Brioux, 
director of the agronomic station at Rouen, arrived at some 
years later.
 Starting in 1924 the agronomic station at Avignon, the 
central station for plant improvement at Versailles, in 1935 
the stations at Colmar, Clermont-Ferrand and Dijon, and in 
1940 the School of Merle (Bouches-du-Rhône), established 
soybean [germplasm] collections which originated in 
many different places, in order to test the earliest and most 
productive varieties that were adapted to each region.
 Rouest and Rondet in the south of France, Dr. Balzli 
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in Alsace and de Guerpel in Normandy were the main 
agronomists and selectionists who were passionately 
interested in the cultivation of Soya in France.
 Note: Rouen is the historic capital city of Normandy, 
in northern France on the River Seine. Address: Ingénieur 
Agronome, Directeur de la Station Régionale de Recherches 
Agronomiques d’Avignon, France.

1271. Hampton, H.E.; Albrecht, Wm. A. 1944. Nodulation 
modifi es nutrient intake from colloidal clay by soybeans. Soil 
Science Society of America Proceedings 8(1943):234-37.
• Summary: “If plant nutrition is viewed as a phenomenon 
of ion exchange between the root and the colloidal complex 
of the soil (3), the question of the chemical composition of 
the root as a factor in this exchange readily presents itself. 
That the root of a legume should be a different force in 
exchanging ions with the soil than is the root of a nonlegume 
was the postulate given attention in the study reported 
herewith.” Address: 1. Research Asst. in Soils; 2. Prof. of 
Soils. Both: Missouri Agric. Exp. Station, Columbia, Mo.

1272. La soya: Excellente alimento así para el hombre como 
para el ganado, y valiosa materia prima de numerosos usos 
industriales: Indicaciones para su cultivo y aprovechamiento 
[The soybean: Excellent food for people and for livestock 
and valuable raw material with numerous industrial uses. 
Remarks on its cultivation and utilization]. 1944. New York, 
NY: Reader’s Digest. 32 p. [3 ref. Spa]
• Summary: On the cover: This book was compiled 
from information from the Farmers’ Bulletins of the 
U.S. Department of Agriculture; the Boletín de la Unión 
Panamericana and other sources. Edited by Selections 
from the Reader’s Digest for free distribution in the Latin 
American republics. Address: New York City, New York.

1273. Matagrin, Am. 1944. Le soja: Culture et utilisations 
[The soybean: Cultivation and utilization Continued–
Document part II]. Paris: Gauthier-Villars. 72 p. Illust. No 
index. 28 cm. [Fre]
• Summary: (Continued): Besides the leading fi gures 
described above for seed supply, we can name the following 
people who are capable of guiding beginners in large- or 
medium-scale cultivation / farming (culture): Mr. Vincent 
Colcombet, agricultural engineer and director of the model 
farm in Saint-Bonnet de Cray, by Charlieu (Loire), at the 
outer limits of the Charolais; Baron Dugas de la Catonnière, 
La Rey in Saint-Galmier (Loire), cooler climate; engineer P. 
Laurance, in Viguéron (Tarn-et-Garonne), who also works 
with the bean’s industrial uses; Dr. Albert Delucq, mayor 
of Vic-Fezensac (Gers) and director of “Agricultural and 
Viticultural Armagnac” (L’Armagnac agricole et viticole), 
ardent proponent of new crops: soybeans, sunfl owers, 
oilseeds, sweet sorghum, Jerusalem artichoke for making 
alcohol, and so on; Mr. L. Van de Putte, at the Château du 

Perron, in Madiran (Hautes-Pyrénées), who also specializes 
in sorghum; and particularly, with Mr. Bataillet, who was 
already mentioned as regards contracts, his ex-associate, Mr. 
Henri Roudet, in Aubignan (Vaucluse), who met and helped 
the trailblazer Léon Rouest.
 Pages 68-69: Of the 534 correspondents who consulted 
with us between December 1939 and November 1943 
concerning information about soybeans (soya) and how they 
are grown or used, only around fi fty of them were living 
in the occupied zone (Ile-de-France, Lorraine, Franche-
Comté, Vendée, Saintonge [modern day Charente, Charente-
Maritime and Deux-Sèvres], Guyenne [today’s Gironde, 
Lot-et-Garonne, Dordogne, Lot, and Aveyron]). In this zone, 
besides Henry de Guerpel, son of a Norman agronomist who 
collaborated with Léon Rouest on a publication and helped 
spread soybeans in the Mézidon [today’s Mézidon-Canon] 
region, we must point out the kitchen-garden crops in Côte-
d’Or and Nièvre, grown by Mr. Ed. Garnier, a Burgundian 
and sporting goods merchant in Paris, who was authorized 
to make radio communications on this subject (whereas in 
the non-occupied zone (Z.N.O.), administrative constraints 
and other private affairs interfered with the publications and 
work of a technologist who had a background of twenty 
years of study in this topic, and six seasons of experience 
growing soybeans on several 100-meter plots in soil that 
is conducive to this plant). Mr. Perdriat, from Saint-Jean-
d’Angély (Charente-Maritime), recently shared some 
interesting acclimatization results with us; Mr. Eugène 
Drouard, a Parisian agent from a large plant oil factory, was 
able to compare the effect of different locations on this plant, 
during a long stay as a refugee in Saint-Paul-en-Jarez, before 
returning to the outskirts of the capital, where he continues to 
grow this crop.
 Page 71: Growing contracts for 1944:
 According to some late information, growing contracts 
for 1944 will be drawn up by the offi cial representatives 
from the Ministry of Agriculture (Ministère de l’Agriculture) 
or the Interprofessional Group of Metropolitan Oilseed 
Crops (Groupement Interprofessionel des Oléagineux 
Métropolitains) (G.I.O.M., which has taken over the former 
National Soy Center (Centre national du Soya)), with the 
following conditions:
 1. A contract, subject to specifi c conditions, will be 
signed by the farmer;
 2. The minimum surface area for cultivation will not be 
smaller than 1,000 square meters (instead of the previous 1 
hectare, at least on adjoining sites);
 3. The purchase of the entire crop is guaranteed at the 
price set by the government;
 4. It seems that the benefi ts in kind accorded to farmers 
in 1943 will be continued: 4 kg of oil and 10 kg of “soy-
based feed meal” (farine alimentaire à base de soya) per 100 
kg of delivered beans;
 5. The retail price for the seeds will be approximately 45 
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francs per kilogram, with cash-on-delivery shipping.
 Illustrations: (p. 5) Eight different parts of the soybean 
plant. (p. 16) Nitrogen-fi xing bacteria radicicola on soybean 
roots. (p. 26) Four different types of soybean plants with 
seeds. (p. 45, 47) Six views of soybean cultivation around 
the world: Tonkin, harvesting potatoes intercropped with soy, 
shocks of mown soy in Rumania, mixed culture of soybeans 
with maize for forage or ensilage in the USA, selection of 
soybean seeds in Holland, mowing soybean seed with a 
small combine in Bône, Algeria. (p. 59) The Chinese device 
used for grinding soybeans to make soymilk.
 Photos: (p. 42) Soybeans grown as a garden vegetable 
in Chautagne (in east-central France): Above, Mandarin du 
Canada. Below: Hahto variety.
 Tables: (p. 9) Composition of soybean seeds compared 
with other common plant foods (other legumes, wheat, oats, 
barley, maize, rice, bread or pasta). (p. 14) Composition of 
the soybean plant compared with other forage plants (hay 
at 15-17% moisture–lucern, sainfoin {a legume}, trefoil / 
clover; straw at 8-10% moisture–soya, wheat, oats). (p. 34) 
Amounts of mineral fertilizers to use for soya.
 Note: Translated by Elise Kruidenier, Seattle, 
Washington. Address: France; In 1946: Technical Consultant 
to Bureau Francais du Soja.

1274. Norman, A.G. 1944. The nitrogen nutrition of 
soybeans: I. Effect of inoculation and nitrogen fertilizer on 
the yield and composition of beans on Marshall silt loam. 
Soil Science Society of America Proceedings 8(1943):226-
28. [4 ref]
• Summary: Volume 8: “Containing papers presented at the 
annual meeting held in Cincinnati, Ohio, November 10-12, 
1943.” Published 1944.
 Summary and conclusions: “Inoculation increased the 
yield of beans by almost one-third, signifi cantly increased 
the protein content of the beans, and decreased the oil 
content. On an acre basis the production of both protein and 
oil was substantially greater. The yield of mature straw was 
not appreciably increased by inoculation.
 “Applications of urea at the rate of 94 pounds and 158 
pounds N per acre brought about substantial increases in the 
yield and protein content of unnodulated beans. The fi gures 
for the higher rate exceeded those given by inoculated beans, 
which presumably did not receive through the fi xation 
mechanism as much nitrogen as could be used by the plant 
for maximum growth.” Address: Research Prof. of Soils, 
Iowa Agric. Exp. Station, Ames, Iowa.

1275. Saillenfest, Jean. 1944. Le Soya: Sa culture et ses 
utilisations [The soybean: Its culture and uses]. Paris: 
Editions de Montsouris, 1 rue Gazan, Paris XIV. 96 p. 19 cm. 
Series: Collection Rustica. Preface by Pierre Chouard. [10 
ref. Fre]
• Summary: Contents: Preface. Foreword. 1. The soybean 

worldwide and in France. 2. The plant: Botanical description, 
varieties, vegetative cycle, climate, area of cultivation. 3. 
Soybean culture: In fi elds (fertilizer and soil amendments, 
symbiotic bacteria, sowing, soya forage), in the garden. 4. 
Diseases and enemies of the soybean. 5. Soybean utilization: 
Table of uses, main industrial uses, uses on the farm, the 
soybean in the family cuisine (green vegetable soybeans 
[graines de soya vertes], soy sprouts [germes de soya], 
soaking soybeans, cooked ground soybeans [pâté de soya], 
soya desserts (dry roasted soynuts [Soya grillé], soy cakes 
and confections with roasted soy fl our), soy coffee, how to 
make soy fl our at home, soymilk, tofu [fromage de soya]). 6. 
Regulation of soybean varieties: Table of varieties: The role 
of G.I.O.M. (Groupement interprofessionnel des oléagineux 
métropolitains), growing contracts, classifi cation and catalog 
of varieties, prices of seeds, how to obtain seeds. Address: 
France.

1276. Department of Agronomy. 1944? Are soybeans a 
menace to soil improvement? Indiana (Purdue) Agricultural 
College, Mimeo No. 48. 2 p. Undated. [3 ref]
• Summary: “Since the introduction of the soybean crop 
into Indiana it has been championed by enthusiasts as a 
wonderful soil improvement crop and by its critics has 
been condemned as one of the worst of the soil depleting 
crops. Obviously such extreme points of view, along with 
intermediate appraisals have left farmers much confused.
 “The following material has been drawn from the best 
experiment station sources in order to help clear up the 
confusion that seems to exist in comparing soybeans with 
other farm crops from the standpoint of soil improvement:
 “1. The problem of erosion with soybeans is much the 
same as with corn. On rolling lands soybeans should be 
planted on the contour, preferably drilled solid, and should 
be followed by a winter grain or cover crop.
 “2. On acid soils limestone or marl is the fi rst need 
for soybeans. Without lime on such soils fertilizers have 
little effect. These soils after liming usually give marked 
responses to fertilizer (P & K), when plowed under for beans. 
Highest yields of beans result from pH of about 6.5.
 “3. All crops when grown and removed from the land 
deplete the soil minerals (PK etc.) On an equivalent yield 
basis soybeans are no more soil depleting in minerals, (P.K. 
etc.) than corn, alfalfa and some other crops.
 “4. Following is shown the removal of minerals (P. & 
K.) by the four crops in a rotation of corn, soybeans, wheat 
and clover, in which all grain has been removed but all crop 
residues returned. Fertilizer was applied as follows: 300 lbs. 
2-16-8 on wheat, 200 lbs, 0-16-8 on corn before planting and 
100 lbs. 2-16-8 in the hill. Even with this treatment the crops 
showed a potash defi ciency.
 A table shows “Mineral removal by grain, soybeans and 
hay: Based on yields and analyses from Purdue Agr. Expt. 
Station Bulletin #468. Soils and Crops Farm–1938-1940.” 
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This table (with 9 columns) compares corn, soys, wheat and 
clover. It includes the grain, straw, stover and hay.
 “Data above shows about the same phosphate removal 
by crops as reported by Henry and Morrison but considerably 
less potash removal.
 “A more nearly normal yield ratio than the above would 
be 70 bu. corn, 25 bu. soybeans and 30 bu. of wheat per acre. 
Compared on this basis the removal of minerals (PK) in 
the grain for corn and beans is about the same. The mineral 
removal by wheat (grain) is only about 55 percent that of 
corn or beans.
 “5. Purdue data shows that 60 lbs. of nitrogen are 
required to produce the grain in a 70 bushel corn crop. 
Soybeans, according to the Illinois station (Bulletin 456) 
‘can obtain about two thirds of their nitrogen from the air’ 
when well inoculated. When a 20 bushel crop of beans is 
combined, the seed removed and the straw left on the land, 
the Illinois station estimates that 16 pounds of nitrogen 
are returned per acre above that removed from the soil. 
Considering the total of nitrogen, phosphorus and potash 
removed in the grain, as when sold from the farm, soybeans 
are less soil depleting than corn.
 “6. The goal for soybean production in Indiana for 1944, 
is about 10 percent greater than for 1943. This refl ects the 
need for soybeans which when processed furnish oil for 
a variety of uses and protein supplement second to none. 
Soybeans fi t naturally in the rotation following corn and 
in this way aid in corn borer control, and increase small 
grain yields. In any soil improvement program, deep rooted 
legumes, clovers, alfalfa etc. should always be grown where 
soybeans are included in the rotation. Extra amounts of 
fertilizer (P & K) should be used in the crop rotation to 
replenish the plant food removed when beans and other 
grains are sold as a cash crop. For further information on 
soybeans read Purdue Ext. Bulletin 231, ‘Soybeans in 
Indiana.’
 Note: The date received stamp shows that this document 
was received by USDA’s National Agricultural Library 
(NAL) on 11 July 1944. Address: Purdue Univ. Dep. of 
Agricultural Extension [Lafayette, Indiana].

1277. Burlison, W.L. 1945. Some observations on the 
development of soybeans in Illinois. Soybean Digest. Jan. p. 
13-14.
• Summary: “Soybeans were being studied at the Univ. 
of Illinois Agricultural Experiment Station before the 
turn of the 20th century. In April, 1896, Dr. C.G. Hopkins 
wrote a bulletin entitled ‘Composition and Digestibility 
of Corn Ensilage, Cowpea Ensilage, Soja Bean Ensilage 
and Corn Fodder.’ This was Bulletin 43 and was the fi rst 
offi cial publication distributed by the Illinois Agricultural 
Experiment Station in which soybeans were discussed. In 
1897 the University of Illinois issued a circular entitled “The 
cowpea and the Soybean.”

 Not much on soybeans was published for the next 20 
years, yet research on both cowpeas and soybeans continued, 
with the emphasis gradually shifting to soybeans. As early 
as 1903 six soybean varieties were planted in trial plots. 
Today, soybean yield is practically double what it was in the 
early years in Illinois. Dr. C.M. Woodworth selected Illini 
as a promising variety as early as 1923. Researchers have 
also worked toward the improvement of cultural practices, 
including thorough inoculation, which is essential. “It not 
only contributes to improved subsequent crop yields, but 
immediate benefi t is obtained in the form of increased yield 
of beans. Furthermore, the bean crop itself contains a higher 
percentage of protein than the uninoculated crop.
 Machinery: “The mechanics of planting soybeans has 
never been a very serious problem. The wheat drill and the 
corn planter have both been used effectively. The University 
of Illinois agricultural engineers are now working with a 
farm implement company on the development of a tractor 
drawn combination seeder and cultivator, a one man outfi t” 
[a combine].
 “We at Illinois have been particularly interested in 
the development of edible soybeans, that is, soybeans 
particularly adapted for use as human food in the green 
state.” Dr. Sibyl Woodruff did important early work on the 
“development of so-called edible soybeans.” Tests on 466 
varieties were tested and 6 were found to be of special merit.
 The soybean appears to have a bright future. “In 1925 
the United States produced 4,875,000 bushels of soybeans as 
compared to the world’s production of 179 million bushels or 
about 2.7% of the world’s production. Fifteen years later the 
U.S. production was 87,409,000 bushels as compared to the 
world’s production of 285,000,000 or 30.7% of the world’s 
production for 1939.”
 Photos show: (1) W.L. Burlison. (2) The Boone Valley 
Co-op Processing Association facility at Eagle Grove, Iowa.
 Note: This is the earliest document seen (June 2005) 
showing a soybean processing plant at Eagle Grove, Iowa. 
Address: Head, Dep. of Agronomy, Univ. of Illinois.

1278. Dickinson (Albert) Co. (The), Farm Laboratory 
Div. 1945. Sales are booming: Nod-O-Gen–The pre-tested 
inoculator (Ad). Soybean Digest. March. p. 17.
• Summary: At the top of this full-page ad is an inset 
white box. In it, a small illustration / cartoon shows the 
company’s logo, which looks like a tiny giraffe (actually 
a bacterium, made of various short rods linked together) 
lifting up its black top hat and taking a bow. The caption: 
“Fixo–Chief of the Nod-O-Gen fi xers.” The company, which 
was established in 1854, sells “Thru legitimate jobbers or 
direct.” Northern address: Chicago 90, Illinois. “Southern 
offi ce and warehouse: 218 South President Street, Jackson, 
Mississippi.” “The crop and profi t ‘Pepper Upper.’” Address: 
Chicago 90, Illinois.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   599

© Copyright Soyinfo Center 2018

1279. King, B.M. 1945. Soybean seed production in 
Missouri. Missouri Agricultural Experiment Station, 
Circular No. 300. 11 p. May.
• Summary: Contents: Introduction. Soybean land: soil 
fertility requirements, Map of Missouri showing where 
soybeans are grown; 75% are grown in the northeast and 
southeast corners. Soil treatments. Varieties for seed: Table 
of adapted varieties, Lincoln. Soybean culture: Preparation 
of seedbed, inoculation, time of planting, method of planting, 
rates of planting, cultivation. Harvesting.
 Page 2: “It has long been recognized by farmers and 
investigators alike that the production of soybeans is highly 
conducive to soil erosion. This objectionable result can 
be readily overcome by growing the crop only on slightly 
rolling land or level land where erosion is not a problem.”
 Note the use of the term “Soybean culture.” Address: 
Columbia.

1280. Gattoni, Luis A. 1945. Frijol soya [Soybeans]. 
Honduras Agricola No. 8. p. 5-7. June. English-language 
summary in Soybean Digest, March 1946, p. 29. [Spa]
• Summary: The diet of the people of the tropical countries 
of America is composed almost exclusively of rice, bananas, 
corn, and beans. The author believes that the ideal daily 
diet consists of daily consumption of 1 pound of meat and 
a half liter of milk. However since the people cannot afford 
such a diet, especially with the rapid population growth, Mr. 
Gattoni believes that these countries are faced with a postwar 
nutrition crisis.
 As a partial solution, he recommends that they produce 
soybeans on a large scale, both to be consumed as whole 
soybeans, and to be made into oil and fl our. He proposes 
that the schools, radio, movies, conferences, etc. be used as 
mediums for educating the people about soybean production. 
He points out that soybeans can be cultivated satisfactorily 
in areas where corn, beans, and peanuts are grown. In 
Honduras, the best soil and climate for the crop exists in the 
tropical zone of the coast. Some interesting experiments with 
adapted varieties are being conducted at the Pan American 
agricultural school of El Zamorano.
 In the area of La Lima in the department of Cortés (a 
“county” in northwest Honduras), according to a report 
of the Offi ce of the Institute of Inter-American Affairs, 9 
soybean varieties have been tested (see USDA Farmer’s 
Bulletin 1520 of 1939). “In the Experimental Grains 
department of the Institute of Inter-American Affairs at 
Toncontín, Comayagua (35 miles northwest of Tegucigalpa), 
and Danlí (45 miles east of Tegucigalpa), the following 
edible yellow varieties were sown, besides some forage 
types: Mammoth Yellow, Bansei, Funk Delicious.” Yields 
were good when the soybeans were inoculated.
 In Santa Ana, Wallace Farm, Costa Rica, 11 varieties 
(Fuji, Hahto, Hakute, Gogun [Jogun], Kanro, Kura, Sato) 
were tested. Seed yields ranged from a high of 3,186 lb/acre 

(53.1 bu/acre) for Hahto No. 20, down to 868 lb/acre for 
Hakute.
 On May 15 the following varieties were planted at 
Toncontin: Ogden, Arksoy, Ralsoy, Volstate, Cherokee, 
Delsoy, Tastee, Hahto, Rokusun, Aoda, and Woods Yellow.
 The author then discusses soybean cultivation, soils, 
bacteria that fertilize the plants, planting, harvest, and yield. 
He concludes: “Note: The National Commission on Food 
and Agriculture encourages all people interested in soybean 
cultivation to apply to them, indicating the quantity of seed 
that they wish to cultivate so that, for one-time trials to fi nd 
the best-yielding and most useful varieties in Honduras, we 
can tell how much we need for planting in September, which 
is the most appropriate time for its cultivation.”
 Photos (black and white) show: (1) An experimental 
plot of inoculated soybeans cultivated at the Central Project 
of Toncontin [near Tegucigalpa]. The development and 
yield have been satisfactory. (2) The same soybean varieties 
planted in the same soil but without inoculation; the results 
are noticeably inferior.
 Note 1. This is the earliest document seen (Jan. 2011) 
concerning soybeans in Honduras, or the cultivation of 
soybeans in Honduras. This document contains the earliest 
date seen for soybeans in Honduras, or the cultivation of 
soybeans in Honduras (May 1945). The source of these 
soybeans is unknown. It seems likely (but not certain) that 
the soybeans described in this paper were planted in Sept. 
1944.
 Note 2. This is the earliest document seen (June 2013) 
that mentions the soybean variety Delsoy. Note: It seems 
like there must be an earlier record announcing this variety 
in the USA. Address: Ingeniero Agronomo del Instituto de 
Asuntos Inter-Americanos (Inst. of Inter-American Affairs), 
Honduras.

1281. Soybean Digest. 1945. As weed killers. June. p. 18-19.
• Summary: “Many farmers have found that soybeans are 
one of the best smother crops to use in killing noxious 
perennial weeds such as quack grass, Canada thistle or 
bindweed.
 “E.P. Sylwester, Iowa State College plant pathologist, 
reports that the use of soybeans along with a program of 
plowing and cultivation not only will destroy the weeds but 
will bring the land back up to good production standards. 
Plans should be made to follow the program more than one 
year, with these general steps recommended.
 “1. The infested area should be plowed in the spring as 
soon as weed growth starts.
 “2. A spring tooth harrow or surface cultivator should 
be used on the ground at 10-day intervals or whenever new 
weed growth appears.
 “3. Plow the ground again about May 30.
 “4. Prepare a fi rm seedbed and drill inoculated soybeans 
the same day at the rate of three bushels per acre.
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 “5. Harvest the beans when ripe. Plow immediately and 
resume fallow operations.
 “6. Repeat the process every year until the weeds are 
eradicated.
 “On rolling ground the beans should be planted on the 
contour. It is often a good plan to seed rye in October after 
the beans have been harvested. The rye can be plowed under 
in the spring and soybeans planted again.”
 Note that no herbicides are used in this program.

1282. Garrison, C.S. 1945. Growing soybeans in New Jersey. 
New Jersey Agricultural Experiment Station, Circular No. 
499. 8 p. Aug.
• Summary: Contents: Introduction. Uses. Soybeans in the 
rotation. Prepare a fi ne, fi rm seedbed. Soybeans need ample 
fertilizer and lime. Date of planting. Seedling rates. Row 
versus solid seedings for grain. Shallow planting ensures 
better stands. Inoculation is essential for high yields. Use 
good seed of adapted varieties. Control weeds in soybeans. 
Harvesting methods. Mixtures for hay, ensilage, and pasture.
 Soybean acreage in the Garden State has increased 
from less than 4,000 acres in 1930 to 57,000 acres in 1943. 
Address: Assoc. Extension Specialist, Farm Crops, New 
Brunswick, New Jersey.

1283. Agricultural Laboratories, Inc. 1945. Rely on nature’s 
nitrogen factory for your soybeans: Legume-Aid (Ad). 
Soybean Digest. Sept. p. 79.
• Summary: A full-page ad. “The inoculant in the carton.” 
“Billions of active bacteria.” “There’s no weighing or 
measuring with Legume-Aid. The unit package contains 
exactly enough to inoculate fi ve bushels of seed.” A photo 
shows a box of Legume-Aid. With one hand, a man holds the 
box, while lifting out the clear bag of its contents with the 
other. Address: 1245 Chesapeake Ave., Columbus 2, Ohio.

1284. Dickinson (Albert) Co. (The). 1945. Pre-testing pays 
off: Nod-O-Gen’s performance record is tops (Ad). Soybean 
Digest. Sept. p. 49.
• Summary: This ½-page ad states: “Join the thousands 
of dealers handling this pre-tested product–and Cash In.” 
“Nod-O-Gen: The pre-tested inoculator. The crop and profi t 
‘pepper upper.’” A small illustration shows the company’s 
logo, which looks like a tiny giraffe lifting up its black top 
hat. Address: P.O. Box 788, Chicago, Illinois.

1285. Nitragin Company, Inc. (The). 1945. Don’t seed 
soybeans without Nitragin inoculation (Ad). Soybean Digest. 
Sept. p. 6.
• Summary: This full-page ad begins: “Soybeans need lots of 
nitrogen. The question is–Do you want this nitrogen to come 
from your soil, or will you supply it by inoculating the seed 
with Nitrogen for about ten cents an acre?” Three photos 
show crops and plants grown with and without Nitragin. 

Address: 3872 N. Booth St., Milwaukee 12, Wisconsin.

1286. United States Rubber Co., Naugatuck Chemical 
Division. 1945. How to use Spergon with legume inoculants 
with soy bean seed (Ad). Soybean Digest. Sept. p. 75.
• Summary: This ½-page ad gives 4 tips for using Spergon 
with seed inoculants and 4 advantages. Spergon is a 
fungicide and “seed protectant, used to treat seeds before 
planting.” “Protects seed against decay caused by soil-
borne and seed-surface fungi.” “Tests... show that Spergon 
is compatible with legume inoculants and that you may 
obtain double benefi ts by treating see with Spergon and 
with bacterial cultures. Here’s how its done: 1. First treat 
seed with Spergon. The recommended rate is 2 ounces per 
bushel... 2. Inoculate only with strong cultures containing 
viable bacteria and apply excess amounts over that 
recommended for untreated seed. 3. Use just enough water 
to make culture cling to seed. 4. Plant within two hours after 
inoculating.”
 Note: This ad also appeared in the March 1946 (p. 
3) issue of this magazine. Address: 1230 Sixth Ave., 
Rockefeller Center, New York 20, NY.

1287. Urbana Laboratories (The). 1945. Inoculation for soy 
beans (Ad). Soybean Digest. Sept. p. 42.
• Summary: This full-page ad states: “Utilize free nitrogen 
of the air and obtain: 1. More beans and hay per acre. 2. 
More nitrogen for your soil. 3. More benefi t to succeeding 
crops. 4. More protein in the beans and hay.” A large photo 
shows a fi eld of soybeans. In the left half (darker color) 
is a sign: “Soy beans inoculated with Urbana Culture.” 
In the right half (lighter color) is a sign: “Soy beans not 
inoculated.” A farmer is between the two signs. At the top 
of the ad is the company’s logo: “Urbana Culture–Superior 
legume inoculator.” Address: Urbana, Illinois.

1288. Mayo, J.K. 1945. Soya beans in Nigeria. Tropical 
Agriculture (Trinidad) 22(12):226-29. Dec. [10 ref]
• Summary: “The fi rst recorded trial of soya beans was made 
in 1910 at Ibadan. The crop was a failure.
 “In 1928, in response to requests to the United States 
and Southern Rhodesia for fodder legumes likely to succeed 
in Nigeria, the Department of Agriculture received several 
varieties of soya beans. These were grown for some years 
at Kano, Zaria, Yandev and Ibadan. Yields up to 500 lb. per 
acre were recorded at Zaria in small scale trials and nodules 
developed without inoculation. As a fodder plant it was 
found inferior to other plants, as an export crop it had no 
prospect at that time in competition with Manchuria, and 
as a food for human beings it was not seriously considered. 
Trials were discontinued in 1933. The best of these varieties 
seemed to be Otootan (black seed) which gave 500 lb. per 
acre at Zaria and 430 lb. at Yandev in 1930 and 1932. Five 
varieties from Russia were discarded after two years’ trial.
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 “The Missions, especially the Church of the Brethren 
Mission at Garkidda on the plateau and the Leper Settlement 
in Itu in the Eastern Provinces have, from time to time, 
introduced and tried a number of varieties. They grow the 
crop solely as a food for human beings
 “In 1937, tropical varieties were introduced and tried by 
the Botanist at Ibadan and Zaria. These varieties came from 
Trinidad, British Guiana, Malaya, India, the Philippines, 
Ceylon, the Dutch East Indies, the United States and South 
Africa... From 1940 onward the more promising varieties 
were grown at most of our farms with very variable 
success... variable yields were recorded sometimes as high as 
800-1,200 lb. seed per acre, the best yielders being Malaya 
and Benares... In the Cameroons soya beans have been tried 
at Bamenda (4,500 ft.) and Esosong (3,300 ft.) which lies on 
a slope of Mount Kupe...
 “The peasants have not begun to grow soya beans 
in Nigeria, except here and there under the direct 
encouragement and example of Europeans, e.g. at Yandev 
and Ilorin, in the Anchau ‘corridor’ in Zaria Province, and 
near Bamenda...
 “Dr. Ogle carried out a controlled experiment on school 
children in Lagos in 1942 using soya bean milk and fl our. 
She concluded that ‘it is dangerous as well as diffi cult to 
interfere with native diets’ and recommended that further 
tests with steamed fl our and soya bean milk be carried out 
and beans distributed to teachers and health workers for 
trial in their homes... The army tried soya beans as part of 
the rations of West African troops in 1944, but further trials 
by the Medical Department are needed.” Address: Senior 
Botanist, Dep. of Agriculture, Nigeria.

1289. Easley, Tildon. 1945. More soybeans needed for 
oil. Arkansas Agricultural College, Extension Leafl et 
(Fayetteville) No. 23. [3] panels each side, front and back. 
Revised.
• Summary: Contents: Varieties. Seedbed preparation. 
Fertilizer requirements. Inoculation. Time of seeding. 
Method of seeding. Rate and depth of seeding. Testing seed. 
Cultivation. Harvesting. Storage. Classes and grades of 
soybeans.
 This leafl et begins: “Soybeans, especially needed at 
present for oil in the nation’s war program, may be grown 
throughout Arkansas on any land that is adapted to the 
production of cotton, corn, or rice. Soybeans produced 
for oil purposes are the green- or yellow-seeded varieties, 
which usually have coarser stems, produce seed of higher 
oil content, and produce a brighter meal than the dark- or 
black-seeded varieties recommended for hay. In successful 
production of soybeans for oil, careful consideration should 
be given to choice of varieties; seedbed preparation; fertilizer 
use; inoculation; time, method, rate, and depth of seeding; 
cultivation; and harvesting.” Address: Extension Agronomist.

1290. Lager, Mildred. 1945. The useful soybean: A plus 
factor in modern living. New York and London: McGraw-
Hill Book Company, Inc. xii + 295 p. Illust. General index. 
Index of recipes. 22 cm.
• Summary: One of the most important and innovative 
books on soyfoods ever written. Contents: Preface. 1. 
Agriculture’s Cinderella: America discovers the soybean, 
our wonder beans, soy as a food in the United States, soy 
in rehabilitation food programs, soybeans as an emergency 
crop, soybean terminology. 2. World-wide use of soybeans: A 
real antique, monarch of Manchuria, soybeans in mechanized 
warfare–Germany, soybeans in other countries (USSR, 
Italy, Spain, Belgium, Holland, Norway, Denmark, Sweden, 
Great Britain, Canada), soybeans in Lend-Lease and United 
States Agricultural Marketing Administration, Food for 
Greece, soybeans and the Mexican Indian, soybeans in 
Hawaii (Mr. C.G. Lennox). 3. Soybeans and industry: The 
versatile soy, uses of soybean in industry, soybean paint 
(from soy oil, incl. Duco fi nishing), soybean protein (used in 
making plywood, plastics, water paints, paper sizing, leather 
fi nishes, and insecticide sprays), Henry Ford and soybeans, 
soybean glue (I.F. Laucks and the fi rms he has licensed turn 
out some 30,000 tons of soybean glue annually), rubber 
substitute (Norepol), paper industry (Glidden), plastics, soy-
cotton helmets, fi refi ghting compounds, lecithin, fertilizers. 
4. Nutritional nuggets: Food value of soybeans and soy 
products (vegetable or edible types of soybeans, protein, fat 
& carbohydrate, minerals, vitamins, lecithin, alkaline ash, 
economy, exaggerated claims), principal uses of soybeans 
and soy products (meat substitutes, meat enrichers, fortifying 
foods with soy fl our). 5. From soup to nuts: Green beans, dry 
beans, frozen beans, roasted soybeans, sprouted soybeans, 
the cow of China–soy milk, the meat without a bone–tofu or 
soy cheese, the little giant among protein foods–soy fl our, 
soy grits, puffed grits, soy oil, miscellaneous soy products 
(soy butter [soynut butter, p. 99-100], sandwich spreads, 
malts, coffee substitutes, soy sauce, soy albumen–a new 
product, greatly improved during the past two years, is now 
used to “replace egg albumen in candy manufacture” [as in 
marshmallows]).
 Note 1. This is the second earliest document seen (Aug. 
2002) in which the soybean is called the “cow of China.”
 Note 2. This is the earliest English-language document 
seen (Dec. 2015) that uses the term “soy albumen” (or “soy 
albumens”) to refer to isolated soy protein as a product.
 6. The blazed trail: Introduction (history and pioneers), 
our tardy acceptance, food pioneers (health-food stores, 
Dr. W.D. Sansum of Santa Barbara and soy bread, allergy 
studies, vegetarians, Seventh-day Adventist food companies, 
meatlike products, Madison College of Tennessee, Loma 
Linda Food Co., the International Nutrition Laboratory and 
Dr. H.W. Miller, special dietary concerns and diabetic diets), 
establishing soybeans in the kitchen (The Edison Institute 
and Henry Ford, the USDA and the U.S. Bureau of Home 
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Economics, the Agricultural Marketing Administration, U.S. 
railroads, the Soy Products Division of the Glidden Co., the 
Soy Flour Association). 7. The challenge of nutrition: The 
dangers of hidden hungers, nutrition and health, corrective 
nutrition, starch-restricted diets, meatless diets, allergy 
diets, bland diets, building diets, reducing diets, acidophilus 
culture, lecithin. 8. Our wonder crop: Jack and the beanstalk, 
early history, new varieties, aids to the industry (Regional 
Soybean Industrial Products Laboratory, American railroads, 
American Soybean Association, Fouts Brothers of Indiana, 
Soybean Digest and George Strayer in Hudson, Iowa, Soy 
Flour Association with Edward Kahl as fi rst president, Soya 
Kitchen in Chicago (Illinois) opened in Jan. 1943, National 
Soybean Processors Assoc., National Farm Chemurgic 
Council), educational program, restrictive regulations. 9. 
Soybeans and the farmer: Varieties, sources of information, 
seeding and inoculating, harvesting, grading, soybean 
diseases, crop rotation, damaged beans. 10. Tomorrow: 
Acreage and production, soybeans on the farm, soybeans 
in nutrition, postwar industrial uses, future improvements. 
11. A few suggestions for better living: Kitchen diplomacy, 
personal opinions, soybeans for everyone. Recipes: Green 
soybeans, dry soybeans, sprouted soybeans, roasted or 
toasted soybeans, meat-substitute dishes, soy-enriched meat 
dishes, soy noodles, macaroni, spaghetti, sauces and gravies, 
soups, salads, dressings, soy spreads, soy milk, tofu or soy 
cheese, soy butter, soy cereals, soy desserts, soy candies, soy 
beverages, soy-fl our recipes, bread and muffi ns, pancakes 
and waffl es, soy gluten recipes, baking-powder biscuits, 
pastry, cookies and doughnuts, cakes.
 Contains recipes for “Soy milk molasses shake (p. 
238). Soy puddings. Soy ice cream (p. 250; “Soy milk may 
be used in place of regular milk in ice-cream recipes... 
adding whipped cream”). Soy fruit ice cream. Soy chocolate 
dessert (Eggless) (p. 250-51). Soy shake “(p. 254, made in a 
“liquefi er or mixer”).
 The story of Allied aid to Greece [p. 24-26] is one of the 
great mercy stories of World War II. Starting in March 1942, 
as many Greeks were starving, the fi rst mercy ship sailed to 
Greece with food and medicine. Up to Nov. 1943, the United 
States through Lend-Lease sent 82 million pounds of food to 
Greece. A number of these foods (including soup powders, 
stew mixes, and spaghetti) were based on soy fl our and grits, 
and specifi cally developed to suit Greek tastes.
 Concerning Henry Ford (p. 35-38), his “fi rst 
experiments were made in a laboratory in connection with 
the Edison Institute in 1930. In these experiments, several 
tons of wheat were used, also several thousand bushels of 
carrots; sunfl ower seeds, which have a high oil content; 
cabbages; onions; and cornstalks. It was not until December, 
1931, after a long series of experiments with the soybean, 
that Mr. Ford and his chemists felt that they were at last 
approaching a solution to the problem of fi nding a basic farm 
material from which the ordinary farmer could develop a 

commercially profi table product.”
 Note 3. This is the earliest published English-language 
document seen (Sept. 2013) that uses the term “Soy ice 
cream” (p. 250).
 Note 4. This is the earliest document seen (July 2007, 
one of two) that uses the word “Cinderella” in connection 
with the soybean. The author, however, does not elaborate on 
this idea.
 Note 5. This is the earliest English-language document 
seen (Nov. 2013) that contains the term “soy-fl our”–however 
it is used as an adjective. Address: Southern California.

1291. Löbbe, Henrique. 1945. Cultura da soja no Brasil. 7th 
ed. [Culture of soybeans in Brazil. 7th ed.]. Rio de Janeiro, 
Brazil: Directoria de estatistica da produccao, Ministerio da 
Agricultura. 74 p. 2nd ed. was 1935. [Por]
Address: Eng. Agronomo, Brazil.

1292. Navarre Direccion de Agricultura y Ganaderia. 1945. 
Lino, soja y lúpulo: Cultivos del porvenir [Flax/linseed, 
soya and hops: Crops of the future. Revised ed.]. Pamplona, 
Spain: Editorial Aramburu. 28 p. See p. 15-22. 1st edition 
1938. [Spa]
• Summary: Contents of “La Soja” chapter: Introduction. Its 
importance worldwide. Interest in soya in Spain. Cultivation 
of soya: Type of plant, inoculation, rotations, preparation of 
the soil, fertilizer, sowing, care in culture, harvest and yields, 
fi nal observations. Navarre is a province in Spain.
 “Interest in soya in Spain–Twenty years ago the soybean 
was introduced to Spain rather timidly, with some trials 
being conducted by the Count (el Conde) of San Bernardo 
in Ecija (Sevilla), by Mr. Valderrama in Montilla (Córdoba), 
by the engineer (Ingeniero) Mr. Noriega in Jerez (Cádiz), 
and Mr. Abril in Tortosa (Tarragona). And even though all of 
them obtained satisfactory results, the routine and static state 
of our farmers prevented the crop from developing beyond 
these mere trials.
 “Nevertheless, the soybean contains qualities that 
would allow its introduction to our farmlands, and these 
qualities have been confi rmed in recent years by the Duke of 
Terranova and the engineer Pascual de Quinto in Zaragoza, 
as well as by the Directorate of Agricultural Services of 
Navarra (Dirección de los Servicios agrícolas provinciales 
de Navarra), even though our region does not have the 
most favorable conditions for a plant originating in warm 
countries...
 “It has been proven in the trials conducted in Navarra 
that the varieties Manchu and Dunfi eld grow successfully 
in the low mountainous zone. On the other hand, the Illini 
and Harbynsoy [Harbinsoy] varieties, which are later early 
varieties, do not ripen in that zone, though on its periphery 
they grow to perfection. There are hundreds of varieties of 
soybeans, and new ones are constantly added; from these we 
hope to fi nd types that are better adapted to our climates.” 
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Address: Navarre, Spain.

1293. Uganda Protectorate Department of Agriculture, 
Annual Report. 1945. Section II.–Work of the Department. 
p. 6-8. For the period 1st July, 1943–30th June, 1944. 
(Entebbe).
• Summary: The section titled “Food Crops” states: “The 
soybean variety R.184 from Potchefstroom gave by far 
the cleanest glass-hard sample at Kawanda. This crop is 
troublesome on the drying and threshing fl oor, particularly in 
humid areas, and a fool-proof sample is a valuable character. 
It also ensures good germination. No other variety has yet 
given a convincingly higher yield than R. 181. It is now 
well established that close spacing in the row is essential for 
high yield. On the other hand, there is little to commend a 
row width of less than two feet. Work on inoculation with 
the symbiotic bacterium has been started at Kawanda. Good 
nodulation has been obtained, both in the immediate crop 
and in a succeeding crop planted with uninoculated seed on 
the same land.” Address: Uganda.

1294. Quackenbush, F.W. 1946. The Indiana law regulating 
the sale and commerce of legume inoculants, plant growth 
substances. Indiana Agricultural Experiment Station, 
Circular No. 312. Jan. 4 p.
• Summary: This Circular begins: “The purpose of the 
Law is to prevent the use of false or misleading claims in 
advertising and selling legume inoculants and all other 
commercial products (except fertilizers, manure, marl, lime, 
wood ashes and plaster) which are sold for the promotion of 
plant growth. It is designed to protect both the purchaser and 
the honest and reliable manufacturer or dealer.
 “The Law provides for the registration and inspection 
of these materials by the State Chemist. The manufacturer or 
distributor must register each material with the State Chemist 
and receive a written permit before offering the material for 
sale. The State Chemist is empowered to refuse to register 
a material or cancel a permit whenever he is satisfi ed that 
the material is being offered for sale or sold under false or 
misleading claims.
 “The results of inspection and laboratory tests are 
printed each year as a circular which is sent without charge 
to interested parties on request.
 “How to Comply with the Law:
 “1. Registration. Before a pure or mixed culture 
of micro-organisms or a material for the promotion of 
plant growth is offered for sale or sold in Indiana, the 
manufacturer or distributor must fi le with the State Chemist a 
certifi cate stating the name and location of the manufacturer, 
the brand name under which the product will be sold, the 
names of plants for which the product is to be used, and the 
kind or kinds of micro-organisms or the composition of the 
substance to be contained in the package. The certifi cate, 
completely fi lled out, should be sent with the registration fee 

to the State Chemist. Blank certifi cates will be furnished on 
request.
 “2. Registration Fee. To defray expenses incurred 
in inspection and analysis, a fee of $25 must be paid 
annually for the registration of each brand and each culture 
of micro-organisms and for each brand and each type of 
other materials (See rules 1-3 below). When a certifi cate is 
accepted for registration, the State Chemist issues a permit 
for the sale of the product for a period of one year, beginning 
January 15 and expiring January 14 of the following year.”
 State chemist–powers. Unlawful acts–penalty. Rules and 
regulations–State chemist–powers. Prosecuting attorneys–
duties. Application of act. Defi nition. Effective date: 1 July 
1937. Address: State Chemist.

1295. Honduras Agricola. 1946. La soya: Excellente 
alimento para el hombre como para el ganado y valiosa 
materia prima de numerosos usos industriales [The soybean: 
Excellent food for people and for livestock and valuable raw 
material with numerous industrial uses]. No. 14 & 15. p. 7-9. 
Jan/Feb.; No. 16. p. 10-11. March; No. 17. p. 16-17. April; 
No. 18. p. 18-19. May; No. 19 & 20. p. 17-18. June/July; No. 
21. p. 10-13. Aug. [Spa]
• Summary: Contents continued: No. 14 & 15: Varieties. 
Fertilizer and manure to prepare the soil. Inoculation with 
bacteria. Time of sowing. Methods of sowing. Plant density. 
Depth of sowing.
 No. 16: Tillage (Labores). Rotations. Mixed cultures: 
Soya and maize, soya and Sudan grass pasture, Soya and 
sorghum (zahina). Harmful animals (especially insects). 
Diseases. II: The harvest. Introduction. Cutting and 
preparation of soya for dry forage or hay. Time of harvest 
and reaping
 No. 17: Method of harvest. Curing the pasture or 
hay. Baling the hay. Exhaustion of the soil. Harvest and 
preparation of the grain. Time of gathering. Methods of 
reaping. Curing and manipulation. Threshing.
 No. 18: Special machines. Exhaustion of the soil. 
Storage of the seeds. II. Uses of soybeans. Introduction: 
The plant. The fl our made from the seed. Green vegetable 
soybeans and sprouts (Las soyas verdes y grillos). Dry 
soybeans (Las soyas secas) and products made from 
them. The oil and its uses. The soybean as a human food: 
Introduction, dry soybeans, green vegetable soybeans (Soyas 
frescas). Soy sprouts.
 No. 19 & 20: Introduction. Flour. Oil. Soy sauce. 
Soymilk. Soy curds or tofu (Cuajada o requesón de soya). 
Soybeans as food for animals. Soy oil. Extraction of soy oil.
 Issue No 21: Uses of the oil. Soybean meal (pulpa, o 
bagazo de soya; which remains after extraction of the oil). 
Use of soy meal [or fl our] in human foods. The meal as a 
feed for livestock, for poultry, and as a fertilizer. Soy hay: 
For fattening cattle, for dairy cows, for mules and horses, for 
other animals. Soya pastaderos. Fresh soy forage. Soya for 
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ensilage. Soy straw. Soya as a green manure.
 On page 10 of this last part is a full-page cartoon of a 
woman with fruits and a cooked chicken. “Soya is the ideal 
food for children; it nourishes more and costs less. It is a 
good source of proteins, oils, carbohydrates, and vitamins. 
It can serve as a substitute for milk, eggs, meat, fruits, 
and pulses or vegetables (legumbres).” Page 11 states that 
people interested in planting soybeans can contact Prof. 
Raul Zaldivar, Director of the Rural School at Toncontin 
for Training Elementary Teachers (Director de la Escuela 
Normal Rural de Toncontin), Tegucigalpa, Honduras. 
Address: Honduras.

1296. Kalton, R.R. 1946. Factors affecting soybean yields. 
Soybean Digest. March. p. 18-19.
• Summary: From a talk by R.R. Kalton before a Farm 
and Home Week audience at Ames, Iowa in February. 
Recommendations are for Iowa.
 “There are a number of important points that must be 
considered in order to obtain maximum yields of soybeans. 
Of course, the fi rst essential is the selection of a good, 
recommended variety. Other signifi cant factors affecting 
yields are date and rate of planting, inoculation, row width, 
cultivation, soil fertility, harvesting methods, and seedbed 
preparation. Each of these will be discussed briefl y in the 
following sections in the light of the most recent information 
available.
 “Date of planting studies just completed indicate that 
the best yields are obtained when planting is done early, May 
15-25, if planting in rows. If beans are to be drilled solid, 
planting should be delayed until the last week in May to 
allow more time to kill weeds.
 “The correct rate of planting soybeans should give a 
thick enough stand to smother weeds in the row and still 
conserve on the seed supply. The best rate of planting for 
medium width rows (rows averaging 28-32 inches apart) 
is about one bushel per acre. Forty-fi ve to 50 pounds of 
seed per acre are suffi cient for wide rows (rows 40-42 
inches apart). If drilling the beans solid, 2 bushels per acre 
are satisfactory. All of these rates are based on good seed 
with high germination and few cracked beans. Increased 
allowances must be made for poor germination and more 
than a few cracked seeds. As for inoculation, the best 
answer is to inoculate all seed planted with a good soybean 
inoculant. It is the cheapest insurance available for high 
yields.
 “Yield tests with different row widths have been 
carried out in several states in this area. The results show 
that medium width rows gave higher yields of grain than 
either wide-spaced or solid-planted rows. The spacing of 
rows should be as narrow as the tractor tread and cultivating 
equipment will permit. If narrowing the planter and 
cultivating equipment is not practical, the gauge marker on 
the planter may be shortened, giving alternate width rows of 

about 24-28 inches and 36-42 inches. This practice increases 
the number of rows in the fi eld and helps increase yields. 
Removing the outside sweeps on the cultivator enables 
cultivation to go ahead as usual.
 “Weeds are by far the greatest menace to high soybean 
yields. Weed control should start even before planting with 
thorough surface tillage. Cultivation to kill weeds should be 
started as soon as the beans come through the ground. The 
rotary hoe, weeder, or harrow, all serve satisfactorily for 
early cultivation. They also can be used for breaking a soil 
crust before the beans come up. These implements should 
be used several times, if necessary, until the beans are 6-8 
inches high. After the beans are 6-8 inches high, one to three 
row-cultivations generally give suffi cient weed control. 
Sweep shovels do a good job and leave the fi eld smoother for 
combining.
 “Soybeans, like corn, do respond to higher levels of soil 
fertility. However, little, if any, increase in yield has been 
obtained by direct applications of fertilizer to the soybean 
crop. Therefore, it is best to use fertilizers on other crops in 
the rotation, and keep up soybean yields by trying to keep all 
the good land on the farm in a high state of fertility.
 “A well prepared seedbed is essential for a good soybean 
crop. When beans follow corn, either fall or early spring 
plowing is satisfactory. Several workings with the disk and 
harrow help to free the land of weeds before planting. In a 
dry spring, fi rming the soil with a cultipacker may prove 
benefi cial to germination.
 “Practically all soybeans grown for seed are now 
harvested with a combine. Even though this method 
undoubtedly is the cheapest and easiest method of 
harvesting, it too may play a vital role in bringing about 
maximum yields. Improper adjustments, or combining at the 
wrong time, may cause considerable loss of beans through 
shattering, cracking, and poor threshing. Therefore, proper 
adjustments and combining at the right time are necessary to 
harvest the greatest possible yield of beans.
 “Although the factors in the preceding paragraphs may 
not all seem of consequence in the attainment of maximum 
soybean yields, it is an established fact that the farmers in 
Iowa who have been getting yields of 25-35 bushels per 
acre the last few years have been following most of these 
recommended practices. Average soybean yields in Iowa 
during this same period have been between 18-20 bushels 
per acre. Good cultural practices do assist the farmer in 
realizing a greater return for his efforts.”
 A photo shows Robert R. Kalton standing behind a table 
as he addresses his audience at Iowa State College. Address: 
Agent of the Div. of Forage Crops and Diseases, Iowa Agric. 
Exp. Station.

1297. Probst, A.H. 1946. Third work planning conference of 
the North Central States Collaborators of the U.S. Regional 
Soybean Laboratory, Urbana, Illinois, February 20, 21, 22, 
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1946 (Continued–Document part II). RSLM (U.S. Regional 
Soybean Laboratory Mimeograph, Urbana, Illinois) No. 135. 
April 29. 37 p.
• Summary: (Continued): Page 6: “... application during 
dry seasons. In general, soybeans respond to an increase in 
fertility level caused by application of lime, fertilizers, and 
manure.
 “In Iowa the soybean will compete with other intertilled 
crops, and acreage will depend upon the price and yield 
relationship with corn. In southern Iowa the yield, ratio 
is about 2.5 bushels of corn to one of soybean, in central 
Iowa 2.5 or 3 to one, and in northern Iowa 3 or 4 to one. In 
rotations, corn following soybeans for beans usually gives 
a larger yield than corn following corn. On sloping land, 
an advantage of 2 or 3 bushels is obtained from seeding 
soybeans on the contour. Studies on nitrogen nutrition of the 
soybean plant have shown that the nodule mechanism does 
not supply suffi cient nitrogen and that as the general fertility 
level increases the yield and nitrogen in the beans increases, 
in both inoculated and uninoculated plots. Management 
practices that supply abundant nitrogen to the soil in mid-
season should contribute to higher yields.
 “Reports of Collaborators
 “The principle work for the fi rst day of the conference 
was the presentation of reports by each of the collaborators 
present, giving the highlights of the soybean situation in his 
state and reporting on experimental work that is underway.
 “Illinois report by L.F. Williams–Cooperative soybean 
testing is being conducted at several locations in Illinois. 
There is one in northern Illinois at Compton where Group II 
is grown, and there is one at Dwight in North Central Illinois 
where Groups II and III are grown. In the Central section 
we have a plot in western Illinois at Clayton where Groups 
III and IV are grown. At Urbana, in east central Illinois, 
we grow Groups II, III, and IV. Groups III and IV are also 
grown at Stonington, which is about sixty miles south of 
Urbana and farther west. These locations are all on relatively 
good soils. In South Central Illinois we have a plot at 
Edgewood where we grow Groups III and IV. This location 
has a light soil on tight clay and is representative of many 
of the poorer soils in southern Illinois. At Freeburg, in the 
southwestern part of the state, we also grow Groups III and 
IV. This location is representative of some of the better soil 
in southern Illinois, and has given very satisfactory yields of 
soybeans.
 “Since Lincoln has proven so satisfactory, we have 
used it extensively in crosses. The cross Lincoln x Richland 
combined the high yield and high oil content of Lincoln with 
the earliness and lodging resistance of Richland. In the fi rst 
yield tests of selections from this cross in 1945, out of about 
600 strains we have 10 which combine these four desirable 
characteristics. Some of these strains even exceed the better 
parent in one or more respects. Several of these strains are a 
week or more earlier than Richland. We also have 10 other 

selections which have high yield, high oil content, and high 
lodging resistance. Six of these are of Lincoln maturity, and 
four are later than Lincoln.
 “Lincoln has also been crossed with such late types 
as Patoka, Chief, Gibson, and, Macoupin to produce good 
breeding material for the southern sections of Indiana, 
Illinois, Missouri, and other states requiring strains of 
comparable maturity.
 Page 9: “Excessive late spring precipitation delayed 
planting in much of the state. Planting was very late in 
the south portion, extending into early July, necessitating 
the use of early maturing varieties. Reports indicate that 
Richland performed well in most instances when planted 
late in southern Indiana but that Earlyana was more erratic in 
performance, sometimes yielding well and other times very 
poorly. Since delayed planting occurs almost annually in 
some part of the state, it seems advisable to grow the earlier 
variety group tests at successively later dates from north to 
south in order to get a better evaluation of the varieties for 
late season planting.
 “There were 1,432,000 acres of soybeans harvested for 
grain in Indiana in 1945 with a production of 27,924,000 
bushels of beans. This was a record crop and was 18 percent 
higher production than in 1944. The average acre yield was 
19.5 bushels. About 41 percent of the acreage harvested for 
beans was planted in rows.
 “A total of 29,431 acres of soybeans were certifi ed 
for seed. Lincoln comprised 85 percent of this acreage. 
The acreage certifi ed by varieties was as follows: Lincoln, 
25,048; Earlyana, 2,797; Richland, 682; Gibson, 264; 
Dunfi eld, 210; Chief, 148; Kingwa, 124; Patoka, 101; and 
Mandell, 57.
 “Yield tests are being conducted on Group II, III, and 
IV strains at 8 locations. The development of a suitable very 
early yellow-seeded variety for muck soils for northern 
Indiana has been undertaken.
 “The interaction of varieties to different levels of soil 
productivity is being studied.
 “Iowa report by R.R. Kalton–The objectives of the 
experimental soybean work in Iowa are several. The primary 
goal is the development of new strains of soybeans which 
are superior in agronomic and chemical characteristics 
to the commercially grown varieties now available. In 
addition to this, there are several other lines of research on 
soybeans which are under investigation. Some of these are 
the evaluation of the best cultural practices for growing 
soybeans, studies on the effect of simulated hail injury to 
soybeans, and an investigation into some of the fundamental 
genetic aspects pertinent to the soybean breeding program. 
A few highlights of the Iowa soybean experimental work are 
discussed below.
 “Three different Uniform Group Tests (I, II, and III) of 
the U.S. Regional Soybean Laboratory are grown in Iowa. As 
these tests contain most of the important varieties of interest 
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in the areas where the tests are grown, they serve as a basis 
for varietal recommendations to farmers. They also contain 
the most promising experimental strains developed in the 
soybean breeding programs of the North Central States. 
Therefore, these tests assist in the widespread evaluation of 
breeding material. In these tests in Iowa, Lincoln consistently 
has outyielded all other varieties in the central and southern 
areas of the state. In the northern Iowa tests, Earlyana, 
Richland, and Habaro generally have yielded about the same. 
Richland has done best on rich soils in this area when planted 
early. On soils of medium fertility, the added height of 
Earlyana has favored it. Habaro has performed, satisfactorily 
when planted late on rich soils. The possibilities of obtaining 
new improved varieties appear very promising, judging from 
the relative performance of some of the experimental strains 
in the same tests.
 Page 18: A table shows which varieties in Group II are 
resistant to a certain unknown disease. These varieties are 
A3-108, Harman, A3-9, Mukden, Pennsoy, Manchu 3, and 
Dunfi eld.
 “Since the above is based on one year’s results at one 
location, further tests are necessary.
 “Fifty-two border plants of Lincoln were classifi ed 
according to size of leaf pustule for downy mildew. Thirty-
six plants had large pustules of which 20.5 percent of the 
seeds were encrusted with oospores and 26 plants had small 
pustules with 8.4 percent infested seeds.
 “Approximately 100 L x R and (L x R) x L lines were 
tested for yield at Madison [Wisconsin]. The selections 
ranged in maturity from Mandarin to Lincoln. Only one 
out-yielded Manchu 3, however. About 1/3 were better 
than either Lincoln or Richland. Many of these selections 
were excellent for strength of straw, maturity, height, and 
oil percent. Mildew infection ranged from 9 to a high of 
38 percent of the seeds encrusted with mildew. It is hoped 
that the relative low yield of these strains is a refl ection 
of the 1945 Lincoln response. A negative non-signifi cant 
correlation of -.157 was found between yield and percent of 
seeds encrusted with mildew for 63 (L x R) x L selections.
 “For the three-year period, 1943 to 1945, the average 
increase in precision obtained for the lattice design compared 
to the randomized complete block was 130 percent for 7 tests 
at Madison, 114 percent for 4 tests at Eau Claire, and 111 
percent for 3 tests at Spooner.
 “Seed from 110 acres of registered Flambeau is 
available for 1946 planting.” (Continued). Address: U.S. 
Regional Soybean Lab., Lafayette, Indiana.

1298. Calland, J.W. 1946. Cultural practices in Ohio. 
Soybean Digest. April. p. 14-16.
• Summary: Editor’s note: “The third of three articles on 
soybean cultural practice surveys by Mr. Calland. Reports on 
the Indiana and Illinois surveys appeared in the February and 
march issues.”

 “Fifteen hundred soybean growers in 18 of the 
principal soybean counties of northwestern Ohio answered 
questionnaires on how they grew their 1944 soybean crop 
(Note: The counties were: Auglaize, Champaign, Delaware, 
Hancock, Henry, Huron, Logan, Lucas, Marion, Mercer, 
Morrow, Paulding, Putnam, Sandusky, Seneca, Union, Van 
Wert, and Wood). This information was requested by the 
county agents. The growers reports cover 50,000 acres of 
soybeans. By summarizing these reports we can get a good 
look at the cultural practices used in these 18 counties which 
grow 54 percent of Ohio’s soybeans.
 “The average soybean grower in these counties grew 
33 acres of soybeans and harvested 21½ bushels to the acre. 
Ninety-one percent planted their soybeans solid with a yield 
of 21.3 bushels, while 9 percent planted in rows and got 22.7 
bushels–1.4 bushels extra. In 13 of the 18 counties row beans 
gave better yields than solid plantings. Weeds were much 
worse in solid fi elds in 1945 and the yield advantage of row 
beans was doubtless still greater than it was in 1944. In some 
solid fi elds in 1945 weeds reduced the soybean yield by as 
much as 10 bushels per acre.
 “Growers in Morrow, Huron and Marion Counties 
very defi nitely favor solid plantings with 99, 97 and 95 
percent solid. On the row side of the picture Mercer County 
leads with 27 percent in rows, followed by 20 percent in 
Champaign and 18 percent in Lucas.
 “Growers planting solid used 1.86 bushels of seed per 
acre while row planters used 1.07 bushels. The reasons 
given in other soybean growing areas for the decided swing 
from solid to row planting have not caused Ohio growers to 
change their seeding methods. However, it is to be expected 
that the serious weed conditions of 1945 will infl uence a 
larger proportion of farmers to plant in rows.
 “Thirty-four of each 100 growers planting solid 
cultivated their soybeans after planting. The other 66 did 
not. This survey does not show what steps were taken to kill 
weeds before planting, but the growers who cultivated their 
solid beans harvested 0.9 of a bushel more beans per acre. 
The greatest gain in yield for cultivation was 4.3 bushels 
for Seneca County, while with growers in Logan, Sandusky, 
Henry and Wood the increase for cultivating solid soybeans 
ranged between 3 and 4 bushels per acre.
 “The rotary hoe was used for 64 percent of the 
cultivating done on solid beans, the spike-tooth harrow 27 
percent, the weeder 7 percent and the cultipacker 2 percent. 
Sixty-eight out of each 100 growers cultivated but once, 26 
cultivated twice and six cultivated three times.
 “Fifty-seven out of each 100 growers planting in rows 
used the corn planter, 23 the grain drill and 20 used the 
beet and bean drill. An interesting comparison appears 
here. Beans planted with the corn planter had an average 
row-width of 38 inches and a yield of 20.9 bushels; rows 
planted with grain drill averaged 24 inches wide with a 24.4 
bushel yield; while rows planted with the beet and bean drill 
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had an average row-width of 21 inches and a yield of 26.9 
bushels. It seems that this difference in yield per acre is due 
to row-width rather than to the implement used for planting 
row beans; since we get similar results by grouping the row-
widths, regardless of implements used, into narrow, medium 
and wide rows. See Table 1.
 “Eighteen percent of the row beans got one cultivation, 
36 percent got two, and 46 percent got three, 59 percent 
of the cultivating was done with the regular cultivator, 30 
percent with the rotary hoe, 7 percent with the harrow and 4 
percent with the weeder.
 “The Manchu, a variety in many instances so badly 
mixed as to have almost lost its identity, continued to hold 
fi rst place in acreage planted in Ohio in 1944 with 38 percent 
of the growers planting it. The stiff-stemmed Richland 
was next in favor with 30 percent planting it, followed by 
Dunfi eld, Mandell and Mingo. These fi ve varieties account 
for 90 percent of the soybean acreage in 1944.
 “Only three varieties are recommended by the College 
of Agriculture and the Experiment Station for planting in 
Ohio in 1946.
 “(1) Earlyana for the northern part of the state when 
wheat is to follow soybeans;
 “(2) Richland for use on fertile fi elds where other 
varieties might go down;
 “(3) Lincoln to replace all other mid-season varieties 
such as Dunfi eld, Illini, Mandell, Manchu, Scioto and 
Mingo.
 “The kind of soil planted to soybeans very defi nitely 
affected yields. Growers were asked to classify the soil as 
dark, mixed or light. Twenty-six of each hundred growers 
planted on dark soil with an average yield of 24.2 bushels, 
61 classed the soil as mixed with a 21.2 bushels yield, and 
13 said light soil and 20.6 bushels. This spread of 3.6 bushels 
per acre between dark and light soils while not as large as 
might have been expected still points out that while soybeans 
may yield comparatively better than other crops on light soils 
they also respond well to improved fertility. Similar surveys 
gave an increase in yield of 7 bushels per acre for dark soils 
over light in Illinois and 4.3 bushels in Indiana.
 “Soil preparation did not greatly affect yield. Eighty-
three percent plowed their fi elds and took off 0.3 of a bushel 
more beans per acre than the growers who used the disk 
rather than the plow.
 “Apparently the fi elds in most of these 18 counties 
now carry almost suffi cient amounts of soybean inoculating 
bacteria. It is quite generally agreed that the cost of properly 
inoculating soybean seed is so low and the insurance value 
so high that it is only good business to inoculate. Moreover, 
the soybean may not be able to add to the soil’s nitrogen 
supply unless these bacteria are present in suffi cient 
quantities. Growers in Ohio quite generally inoculate. 
Eighty-eight percent of them inoculated in 1944 although the 
increase in yield for inoculation was only 0.4 of a bushel per 

acre.
 “Table 3 indicates that the soybean has a long planting 
season. It appears that, in 1944 at least, there was very little 
difference in yield due to planting date for the eight weeks of 
May and June. However, date of planting records for other 
years defi nitely show a reduction in yield for mid-season 
varieties when planted much after June 1, while the yield 
of early maturing varieties is usually not much effected by 
planting date any time in May or June.
 “The place of soybeans in the rotation is always a moot 
question. These growers were asked to name the crop which 
preceded soybeans and the crop which would follow the 
soybeans. Both the preceding and following crops are listed 
in Table 4. While this does not, of course, show the entire 
rotation scheme, it does show the place where soybeans 
occur in the rotation.
 “Corn seems to have preceded soybeans in about 55 
percent of the fi elds and to have followed the soybean crop 
in only 15 percent of the fi elds. Soybeans preceded soybeans 
on one out of four fi elds and followed soybeans on one out 
of fi ve. Oats followed soybeans in one-third of the fi elds and 
wheat in one-fourth. Thus a rather defi nite crop sequence of 
corn, soybeans, small grain is indicated on about one-half of 
the farms.
 “One out of fi ve growers fertilized the soybean crop, the 
average application was 157 pounds to the acre. Seventy-one 
percent of the fertilizer was applied in the rows, 22 percent 
broadcast and seven percent plowed down. Fifty-one percent 
of the growers who use fertilizer said the results were good, 
10 percent fair, 27 percent poor and 11 percent gave results 
as ‘unknown’.
 “One out of three fi elds were fertilized in Delaware, 
Huron, and Sandusky Counties, while only one grower out of 
52 used fertilizer in Paulding County. The brands of fertilizer 
used indicate that most growers fertilizing soybeans favor the 
kind they have been accustomed to use on the corn crop.
 “One-half of the growers own combines and 88 percent 
say that the combine scatters the straw. The balance say their 
straw is left in bunches. Combine manufacturers should 
carefully study the proper disposal of soybean straw as it 
comes from the combine. A great many farmers complain 
about the diffi culty of plowing down soybean straw. Table 
5 shows the popularity of the 5 and 6 foot cuts, more than 
three-fourths of the combines are of these two sizes.
 Photos: (1) A man driving a tractor pulling a harrow. 
Caption: “An early cultivation with the rotary hoe or 
harrow is important for weed control. (2) A man driving a 
tractor pulling a row planter. “Advantages of row-planting 
soybeans: 1. Less seed. 2. Better weed control. 3. Earlier 
harvest. 4. Better yields.
 Tables: (1) Comparative yield of row soybeans (120 
growers). The yield is highest (26.9 bu/acre) when the 
planter used is a “beet & bean drill,” and when the width 
between rows is all small (20-28 inches). (2) Choice of 
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variety and variety yields. The three most popular varieties 
are Manchu, Richland, and Dunfi eld. (2a) Summary of 
soybean cultural practices, 1944 crop, for the 3 states of 
Illinois, Indiana, and Ohio. This vertical table, two-thirds 
of a page wide, contains a massive amount of data on every 
conceivable cultural practice.
 (3) Yields based on various planting dates, for 8 different 
dates from early May to early July. (4) Preceding crops 
and following crops (in a rotation). (5) Number and size of 
combines owned. Address: Director of Agronomic Research, 
Central Soya Co.

1299. Hildebrand, A.A. 1946. Diseases of soybeans: 
Their control. Canadian Horticulture & Home Magazine 
65(5):129-31, 142. May. Summarized in Soybean Digest, 
Nov. 1946, p. 26.
• Summary: A popular account on the control of soybean 
diseases by seed treatment, proper cultural practices (such 
as optimum planting rate), and other precautions (weather 
conditions, wind-borne diseases). Thirteen soybean diseases 
have been reported in Canada. These include mosaic 
and bud blight, bacterial blight, and a number of fungus 
diseases. During the past 3 years at the Harrow plant disease 
laboratory, seed lots of soybeans have been treated with 
the seed protectant dusts, Spergon, Arasan, and Fermate. 
The author says the use of Spergon is compatible with 
inoculation. In practice, the seed is treated fi rst with Spergon, 
then inoculated according to the manufacturer’s directions.
 “Soybeans were fi rst grown in Canada at the Ontario 
Agricultural College, Guelph, about 1893. They were fi rst 
distributed to farmers of the province in 1901. For many 
years they attracted very little attention because as recently 
as 1940 there were only 10,000 acres altogether in Canada. 
By 1944, however, the acreage had more than quadrupled 
itself to 45,000 acres. Of these, 44,700 acres, i.e. 90%, were 
in Ontario. Most of the Ontario acreage, i.e. some 35,400 
acres, were concentrated in the southwestern part of the 
province in the counties of Essex, Kent, Middlesex, Norfolk, 
and Lambton.” Address: Dominion Lab. of Plant Pathology, 
Harrow, Ontario, Canada.

1300. Victory Mills Ltd. 1946. “Here’s why I’m planting 
more acreage in soybeans this year!” (Ad). Blenheim News 
Tribune (Ontario, Canada). July. [1 ref]
• Summary: Blenheim is a town in Kent County, 
southeastern Ontario, about 10 miles southeast of Chatham. 
An illustration (line drawing) shows a farmer, dressed in 
overalls and holding a pitchfork. The text begins: “This Kent 
County farmer planted a 10-acre trial crop of soybeans last 
year. They grew well, needed little labor and brought him in 
$610.00. No wonder he’s planting a third of his acreage in 
soybeans this year.
 “Moreover, Ontario farmers can feel sure of a ready 
market for soybeans. For Victory Mills have invested over 

$2,500,000.00 in a new plant and want to buy more than 
3,000,000 bushels a year.”
 The ad then gives “5 sound reasons for growing 
soybeans. 1. Soybeans are a Hardy crop–resistant to drought, 
light frosts and heavy rains during growing season. 2. They 
are a Profi table cash crop. 3. There’s a Ready Market for all 
you can grow. 4. Soybeans need a Minimum of Labor–can 
be harvested with a combine whenever weather is suitable. 
5. A real Soil-Builder, improving soil tilth and adding some 
nitrogen–soybeans fi t into any ‘crop rotation’ planning.”
 A coupon at the bottom of the page invites the reader 
to send for a free booklet titled “How to Grow Soybeans–
The Profi table Cash Crop.” Address: 285 Fleet Street East, 
Toronto, Canada.

1301. Soybean Digest. 1946. USDA men who have 
contributed to soybean development: Reid Thompson Milner. 
Aug. p. 27.
• Summary: Dr. Reid Thompson Milner is a native of 
Illinois. He graduated in chemical engineering at the 
University of Illinois, and continued his studies there in 
physical chemistry for the M.S. degree. Subsequently, he 
attended the University of California where he received his 
Ph.D. in chemistry. His research career began at the Bureau 
of Mines in Pittsburgh. Later he transferred to the Fixed 
Nitrogen Laboratory of the U.S. Department of Agriculture’s 
Bureau of Chemistry and Soils at Washington, D.C.
 “Dr. Milner became interested in soybeans in 1936 when 
he joined the staff of the U.S. Regional Soybean Industrial 
Products Laboratory, Urbana, Illinois, at the request of Dr. 
O.E. May who invited him to take charge of the analytical 
section of that Laboratory.
 “In addition to his duties in directing the analytical 
work of the Laboratory, he carried on many physical 
chemical researches on soybean oil and soybean protein. 
Outstanding among his published investigations were reports 
of studies of the physical chemical factors affecting the 
dispersion of soybean protein in water, the effect of alcohol 
on soybean protein dispersions, the determination of non-
protein nitrogen in soybean oil meal, and a method for the 
determination of saturated fatty acids in oil.
 “When Dr. May was called to Washington to assist in 
the organization of the four Regional Research Laboratories, 
Dr. Milner was appointed to succeed him as director of the 
U.S. Regional Soybean Industrial Products Laboratory. He 
assumed this responsible position of leadership on August 1, 
1939, and directed the Laboratory with distinction and with 
the hearty approval of his associates in the Laboratory and in 
industry.
 “When the Northern Regional Research Laboratory was 
organized, Dr. Milner was selected to head the analytical and 
physical chemical division, a position which gave him an 
even broader fi eld in the program for industrial utilization of 
agricultural commodities.
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 “Dr. Milner’s diversity of interests and his spirit of 
cooperation are well illustrated by his activity on the 
Soybean Nutritional Research Council and his committee 
work in the American Oil Chemists’ Society. In the latter 
organization, he is chairman of the soybean analysis 
committee, and is serving on committees for bleaching 
methods, oil color, refi ning loss, fat analysis, and seed and 
meal analysis. Dr. Milner is at present the fi rst vice president 
of the Oil Chemists’ Society.
 “In connection with the wartime soybean marketing 
program, the Commodity Credit Corporation requested the 
aid of Dr. Milner in establishing proper methods of analyses, 
in training personnel in these methods, and in checking the 
accuracy of the analyses so performed.
 “His present program in the application of physical 
chemical methods to analytical chemistry includes X-ray 
analysis, spectroscopic investigations, and high-vacuum 
distillation methods. Penicillin and Norepol are specifi c 
examples of products whose development was materially 
aided by these physical methods.
 “Determination of chemical and physical properties 
and characteristics of commodities and their products and 
derivatives, and provision of specialized chemical and 
physical services and investigations and general service 
analyses for all laboratory research projects have comprised 
an important and effective approach to the greater industrial 
utilization of agricultural commodities.”
 A photo shows Dr. Reid T. Milner.

1302. Calland, J.W. 1946. What cultural practices do to 
soybean yields. Soybean Digest. Sept. p. 29-31.
• Summary: Discusses the effects on yields of the following 
practices based on a survey of 4,200 soybean farmers in 
Illinois, Indiana, and Ohio: Rows vs. solid seeding, width 
of rows, cultivating implements used, soil preparation, 
inoculation, soil productivity level, improved varieties, 
timely planting, timely harvesting. Address: Director of 
Agronomic Research, Central Soya Co., Inc., Decatur, 
Indiana.

1303. Norman, A.G. 1946. Soybeans and the fertility level 
(Continued–Document part II). Soybean Digest. Sept. p. 35-
37.
• Summary: (Continued): “Position in the Rotation: From 
these experiments and the experience that has been gained 
it would seem that the decision as to the proper place that 
the soybean crop should occupy in the rotation should not 
be too diffi cult. There is no obviously wrong place. The 
chief diffi culty is that most short rotations carry too high a 
proportion of soybeans to corn and that the introduction of 
beans increases the intertilled acreage. The probability is, 
therefore that where a farm is operated on a regular rotation, 
soybeans are likely to be maintained as a substitute crop 
for corn on a portion of the acreage, for example, replacing 

second year corn in a C C O M rotation. In those level areas 
where the percentage of intertilled crops is high a C S C O M 
rotation might be followed on a part of the land.
 “Fertilization of Soybeans: In acquiring information 
about proper fertilization of soybeans progress has been 
disappointing. Perhaps this is because, through urgency, the 
approach has been the empirical one of trial, not undertaken 
with any fundamental knowledge of the pattern of plant 
nutrient requirements of the crop. Of course, it was known 
by analysis what the total requirements of phosphorus, 
potash, and calcium, etc., are but this is not enough to 
provide a guide as to effi cient fertilization.
 “In many experiments in Iowa and other states no 
responses have been obtained to applications of phosphate 
or potash in various ways and amounts. Our more recent 
work makes it probable that in some instances, at least, these 
have not been the limiting elements. It is our view that the 
supply of available nitrogen largely determines the yield 
of the soybean crop, particularly in the higher yield range. 
Although a legume, and therefore having a supplementary 
source of nitrogen by fi xation in the nodules, the plant can 
use much more than the nodule bacteria can ordinarily 
supply. Our best estimates are that on the average prairie soil 
not more than 20-30 pounds of nitrogen per acre is derived 
by fi xation, and that the remainder, 60-80 pounds or even 
more, is from the soil. The supply in the soil, and particularly 
the pattern of its release during the season, may then often 
determine the yield.
 “The soybean plant can utilize a generous supply of 
nitrogen in the midseason period about the time of fl owering 
and additional amounts supplied then in the form of fertilizer 
may give signifi cant yield increases. This has been the case 
in a considerable number of experiments on a wide range 
of soils, some of which were reported 2 years ago (Soybean 
Digest, September, 1944). It is as true on soils of higher 
fertility as on poorer soils. The responses that the soybean 
crop makes to good soil management practices are probably 
due to the increased amount of nitrogen that becomes 
available during this critical midseason period.
 “These are, therefore, good reasons for believing that in 
some, at least, of the many fertilizer experiments in which no 
responses were obtained to P or K, nitrogen may have been 
the limiting element. This is supported by the results of eight 
experiments carried out by K. Lawton on Carrington soils in 
northeastern Iowa, where responses to potash are good. The 
average yield increase for PK applications was 3.2 bushels 
and this was increased to 4.5 bushels by use of nitrogen.
 “There are some reasons for thinking that the period 
of maximum demand for P and K, like nitrogen, may be 
in the midseason period, and that side dressings along the 
row, which ensure ready availability, may sometimes be 
a more effective way of meeting the need than broadcast 
applications either before or after plowing. This season some 
careful experiments are in progress to determine in detail the 
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nutrient uptake curves throughout the season on soils widely 
different in fertility.
 “It is perhaps worthy of comment also that Lawton 
found that lime can be applied along the row where 
necessary. In seven experiments in which this was done 20-
25 days after planting, an average yield increase of 2 bushels 
was obtained. Of course, this ordinarily would not be good 
practice but there are occasions when soybeans are planted 
on unlimed land because of failure of a previous crop or such 
adverse weather that no other crop could be planted.
 “Oil and Protein Contents: One aspect of this subject 
that should much interest the processors might be the 
relationships, if any, between fertility level and composition 
of beans. The amount of information now available is small 
and it might be well worth while if additional studies were 
commenced. If the processors are confronted later with a 
highly competitive market there might be a case for buying 
beans on an oil and/or protein content. A somewhat different 
marketing system might be necessary, and rapid methods 
of determination of acceptable accuracy would have to be 
perfected. There are precedents elsewhere; sugar beet has 
long been bought on the basis of sugar content.
 “It is well known, of course, that there are varietal 
differences in the oil content of soybeans and that there is in 
general an inverse relationship between oil and protein, that 
is to say, when one goes up the other goes down.
 “Preliminary results which we have obtained, rather 
incidentally to other work it must be admitted, suggests 
that the oil content is slightly but signifi cantly reduced as 
the general fertility level is increased. This probably occurs 
because the protein content is somewhat increased by the 
higher nitrogen status.
 “In any particular environment uninoculated beans 
would have the highest oil content. This is not an argument 
to be used against inoculation, however, because on an acre 
basis the oil yield of inoculated beans will substantially 
exceed those of uninoculated beans. It does, however, 
suggest that if high oil content ever became a desirable goal 
it might be better that the beans come off lower fertility land.
 “Conclusions: In closing it appears that the soybean is 
not the problem crop that some people supposed. It does 
not make excessive demands on the land; with proper 
precautions the erosional hazard is no greater than with other 
intertilled crops; it responds to good management practices 
as well as corn; it has no deleterious effects on following 
crops; it is, perhaps, less of a legume with respect to its 
nitrogen nutrition than had been thought to be the case, so 
that the soil nitrogen supply may often determine the yield 
and affect the response to fertilizer applications of other 
nutrient elements.
 “This all implies that on a fertility basis soybeans are 
interchangeable with or may be substituted for corn and that, 
therefore, the soybean corn yield relationship may in part 
decide when it will persist. Its adaptation to soil and climate 

is not, however, identical with corn, so that in Iowa, at least, 
acreage reduction when it comes should not be uniform but 
biased with this relationship in mind.”
 Tables: (1) Soybean-corn yield relationship for 1941-
1945 inclusive. (2) Comparison of the effect of soil fertility 
level on yields of corn and soybeans (Webster silt loam–
Agronomy Farm, Ames, 4-year rotation). (3) Comparison 
of the effect of soil fertility level on yield of corn following 
corn or soybeans. Webster silt loam–Agronomy Farm, Ames, 
4-year rotation. (4) Effect of fertility level on composition of 
uninoculated and inoculated beans. Clarinda, 1943. Marshall 
silt loam. Var. Mukden. Address: Iowa Agric. Exp. Station.

1304. Portères, Roland. 1946. Observations sur les 
possibilités de culture du soja en Guinée forestière 
[Observations on the possibilities of growing soybeans in 
the forested parts of French Guinea]. Bulletin Agronomique 
(Ministere de la France d’Outre Mer, Direction de 
l’Agriculture, de Elevage et des Forets) No. 1. 80 p. Nov. 
[Nogent-sur-Marne (Seine), France]. [3 ref. Fre]
• Summary: Contents: Introduction. Table showing the 
climate of the Sérédou [Seredou] station. 1. Varieties tried 
at the Sérédou Station: Introduction of soybean varieties (in 
1935 [from Manchuria, and Japan], in 1938 [from Annam, 
Cochinchine, and Cambodia], in 1939 [from Tonkin, Java, 
USA, and France], and in 1940 [from French Cameroon, 
Poland, Argentina, Netherlands, Italy], new acquisitions in 
1939 and 1940, multiplicity of varieties), classifi cation of 
the soybeans at Sérédou, agro-botanical observations on 
the varieties, attempt at classifi cation (general, botanical 
classifi cation, classifi cation of seed varieties), principal 
characters (incl. name and place of origin) of the soybean 
varieties cultivated at Sérédou in 1940.
 2. Ecology: The ecological behavior of some (39) 
varieties, general ecological behavior (the phases of 
vegetation and critical periods), soya for forage, soybean 
seeds and their selection, facilities needed for cultivation and 
production during the year, inoculation of the seeds, quality 
of the soil, enemies of the soybean including parasites and 
diseases.
 3. Plan for production of soybeans in a forested tropical 
zone: Organization of cultivation, map of precipitation 
in West Africa (Sérédou receives about 2,000 mm/year), 
exports (3-4 crops a year can be grown), cropping patterns, 
growing soybeans for use as food.
 4. Modifi cations of indigenous methods: The need to 
introduce soya as an indigenous food and badly needed 
source of protein, diffi culty of cooking soybeans, selecting 
varieties best suited to cooking, soaking, washing and 
cooking, cooking by the local people, times of year favorable 
for introducing soya into the diet, place of soya in the crop 
rotation.
 5. The nutritional composition of soybeans grown in 
West Africa (analyses of varieties cultivated at Sérédou 
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were made by M. Nguyen Van Cuc, a chemist at Nogent-
sur-Marne), graph showing that oil content and protein 
content are inversely related. 6. General conclusions based 
on the fi rst trials: Based on the 1939 and 1940 trials one can 
conclude that in the forested areas of [southeast] Guinea 
(Gueckedou, Macenta, N’Zerekore [Nzerekore]), and the 
sub-forested areas (Kissidougou, Beyla), soybeans can be 
grown with good results, and every effort must be made in 
this direction in the years to come. Soybeans can help meet 
the food shortages that exist in June, July, and part of August.
 The preface (p. 3) states: “Sporadic attempts at the 
introduction of soybean cultivation have been in French West 
Africa since 1900. They have been conducted on a small 
scale in the various stations of Dahomey [later Benin], Ivory 
Coast, Upper Volta, French Guinea, French Sudan (Soudan 
français [Mali]), Upper Senegal-Niger (Haute-Sénégal-Niger 
[Mali]), and at the Offi ce of Niger (Soninkoura [probably 
Soninnkoura in the Segou region of Mali on the Niger 
River], using irrigated cultivation). Practical results have 
been obtained in forested Guinea (at the Sérédou Station) 
and in the upper Ivory Coast. This study focuses on the 
results of trials conducted at Sérédou in 1939 and 1940.
 The section on “Introduction of soybean varieties at 
the Sérédou Station” (p. 5) states that in 1935 fi ve varieties 
were tested at Macenta by M. Barthes. They were Nogent 
2856–Black Wou T’ecu, from Manchuria. None germinated 
(ne germèrent pas). Nogent 2855–Black Hoi T’ecu, from 
Manchuria. None germinated. Nogent 2852–Yellow Huen 
T’ecu, from Manchuria. 102 plants matured. Nogent 2817–
Yellow of Japan. 17 plants matured. Nogent 2853–Green 
Tsing T’ecu, from Manchuria. 1,000 plants matured. Of 
these fi ve, only No. 2853, the green-seeded soybean from 
Manchuria did well, and was kept and appreciated, but its 
cultivation was continued until 1939.
 The best The best period for vegetation is from October 
to March in low irrigated lands, and until June in high lands. 
The vegetation period varied from 80 to 160 days for the 
different varieties (in the short cycle varieties branching is 
very reduced). Soybeans can be cultivated for export or for 
local consumption, both as forage and as food for the natives. 
Soybeans for export must be harvested during March-April 
and exported during the dry season. As a food for the natives 
it can be a supplement during the food-short months of June 
and July. Since soybean seeds lose their germination power 
quickly during the rainy season, it is necessary to have a 
little cultivation during June, August, and September in order 
to produce the necessary seeds for export. This cultivation 
cannot be integrated into the cultivation for food as it 
produces in a season when rice, which is preferred by the 
natives, is available.
 Note 1. This is the earliest document seen (Aug. 2009) 
concerning soybeans in Upper Volta (renamed Burkina Faso 
in 1984), or the cultivation of soybeans in Upper Volta.
 Note 2. This is the earliest reliable document seen (Aug. 

2009) concerning soybeans in Dahomey (renamed Benin in 
1975), or the cultivation of soybeans in Dahomey.
 Note 3. This document contains the earliest date seen for 
soybeans in French Guinea, or the cultivation of soybeans 
in French Guinea (1935). The source of these soybeans was 
Manchuria and Japan. Address: Ingénieur d’Agronomie 
Coloniale, Licencié ès Sciences.

1305. Elliott, H.G. 1946. The soybean. Its possibilities 
in W.A. [Western Australia]. J. of Agriculture, Western 
Australia 23(4):285-93. Dec. Summarized in Soybean 
Digest, Nov. 1947, p. 34.
• Summary: Contents: Introduction. Economic position. 
Soybean oil. Uses of oil. Origin. Uses in Western Australia. 
Name and origin. Description. Climate. Soils. Cultivation. 
Fertiliser. Inoculation. Sowing. Intercultivation. Harvesting. 
Varieties. Summary of soybean trials in W.A. (using mostly 
American or Canadian varieties). Some edible varieties of 
soybeans (as a green vegetable, a cooking dried beans).
 “In Australia, the acreage grown is as yet only small 
and up to the present time has been mainly experimental.” In 
Western Australia it is doubtful if the soybean could compete 
as a fodder with other summer-grown fodders.
 Varieties: The “Council for Scientifi c and Industrial 
Research have obtained best results with Charlee, 
Haberlandt, Creole and Georgian varieties in Queensland, 
whilst Manchu Yellow and Haberlandt have been grown with 
some success in Western Australia and yields as high as 35 
bushels per acre have been obtained experimentally.
 “Summary of soybean trials in W.A.: The Department 
of Agriculture of this State has for many years introduced 
numerous varieties of soybeans for trial at various centres 
over a wide range of soil and climatic conditions, from as 
far North as Ord River in the Kimberleys to Albany on the 
South coast, and the results to date have not been completely 
successful. The early trials did not meet with much success 
because of three main factors–1. Inability to obtain good 
inoculation on plants as a suitable strain of bacteria for 
inoculation of seeds was not available. 2. Suitable strains and 
varieties of soybeans were not available as those tried were 
too long in maturing. 3. Low germination of seed imported 
for trial. In recent years better results have been obtained” 
since these problems are been solved. “Of the varieties 
grown in the South-West, Manchu Yellow, Haberlandt, 
Arysoy, Easy Cook, Harrow Mammoth Brown [Harrow, 
Mammoth Brown?], Kenway and Q1463 have all given 
reasonable results, with yields of up to 30 bushels per acre of 
seed.
 A table (p. 292-93) shows that at present in Western 
Australia some 51 soybeans varieties from the USA and 
18 varieties from Canada are under trial at various centers. 
For each variety the following information is given: name, 
average number of days to mature (range: 89-126), yield (6 
varieties have yields from 35.0 to 37.44 bushels/acre), and 
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whether or not the seed color is yellow.
 Named American soybean varieties under trial: Ito 
San, Ohio 9100, Manchu, Black Eyebrow, Elton, Aksarben, 
White Eyebrow, Wilson 89, Ohio 9035 (Hamilton), Ohio 
7490, Ohio 9016, Wilson, Ebony, Medium Green, Habaro, 
Haberlandt, Mikado, Royal, Peking Sel 1-21-8, Peking Sel 
1-21-5, Peking Sel 1-21-7, Peking Sel 1-21-3, Sherwood, 
Virginia, Peking, Shingto, Chestnut, Early Yellow, American 
Coffee Berry, Early Black, Sable, Wisconsin Black, Medium 
Early Yellow, Medium Early Brown, Medium Early Black, 
Ohio 7046, Mongol, Taha, Jet, Haberlandt, Chernie, Nuttall, 
Ohio 7476, Medium Green, Amherst, Mever [Meyer], Cloud.
 Named Canadian soybean varieties under trial: St. 
Anne’s No. 92, Early Brown, Mandarin, Yellow 210, Yellow 
17, Chinaton Echo, Italian, O.A.C. No. 211, O.A.C. No. 81, 
Summerland, Black (China), Early Korean, Green, Manchu, 
Black Eyebrow, Ito San, Golden, A.K.
 Varieties grown experimentally in New Zealand and 
having an average yield of 23 bushels: Early Yellow, O.A.C., 
Black Ontario, Manchu (Hudson), Manchu (Ottawa), 
Cayuga.
 Edible varieties of soybeans that are good for use 
as a green vegetable: Agate, Hahto, Easycook, Rokusen 
[Rokusun], Funk Delicious, Kura, Aoda, Bansii [Bansei], 
Shiro, Hokkaido, Chusei, Higan, Janro [Kanro?], Willoni 
[Willomi], Nanda, Jogun.
 Edible varieties of soybeans that are good for use for 
cooking as dried beans: Easycook, Chusei, Rokusen, Jogun, 
Hokkaido, Janro [Kanro].
 Note: This is the earliest document seen (Oct. 2013) 
that clearly mentions the soybean varieties Chinaton Echo or 
Early Korean. Address: Agrostologist, Western Australia.

1306. Quackenbush, F.W.; Mitchell, H.L.; Carter, A.S.; 
Shenberger, L.C. 1946. Inspection of legume inoculants. 
Indiana Agricultural Experiment Station, Circular No. 323. 
Dec. 8 p.
• Summary: This article begins: “A law was passed by 
the Indiana General Assembly in 1937 entitled in part, 
“An Act to regulate the sale of and commerce in pure or 
mixed cultures of micro-organisms and certain materials 
for promoting plant growth-.” The Indiana State Chemist is 
charged with the administration of this law and inspection 
and testing of these materials are carried out under his 
direction.
 “Explanation of the Law: Before a pure or mixed 
culture of micro-organisms or a material for the promotion 
of plant growth is offered for sale or sold in Indiana, the 
manufacturer or distributor must fi le with the State Chemist a 
certifi cate stating the name and location of the manufacturer, 
the brand name under which the product will be sold, the 
names of plants for which the product is to be used, and the 
kind or kinds of microorganisms or the composition of the 
substance to be contained in the package. The certifi cate, 

completely fi lled out, should be sent with the registration fee 
to the State Chemist. Blank certifi cates will be furnished on 
request.
 “To defray expenses incurred in inspection and analysis, 
a fee of $25 must be paid annually for the registration of 
each brand and each culture of micro-organisms and for 
each brand and each type of other materials (See rules 1-3 
below). When a certifi cate is accepted for registration, the 
State Chemist issues a permit for the sale of the product for 
a period of one year, beginning January 15 and expiring 
January 14 of the following year.
 “The Law requires that each package containing micro-
organisms or other materials offered for sale or sold for the 
promotion of plant growth must bear on a plainly printed 
label the same information as is given in the certifi cate for 
registration. The statements on the label should not be at 
variance in any respect with those on the certifi cate. To 
avoid subsequent diffi culties on new products, it is well to 
submit copy for labels to the State Chemist for examination 
before printing, and to attach sample labels and any other 
advertising matter to the certifi catee when applying for 
registration. “The State Chemist is empowered by law to 
refuse to register a material or to cancel a permit whenever 
he is satisfi ed that the material is being offered for sale or 
sold under false or misleading claims.”
 Rulings Under the Law:
 1. Pure and Mixed Cultures of Micro-Organisms.
 2. Registration of Plant Inoculants.
 3. Registration of Materials Other Than Plant Inoculants.
 Use of inoculants. Attention farmers. Attention dealers. 
Method of evaluating legume inoculants. Growth promoting 
substances. Results of inspection.
 Table 1. Summary of 1946 legume inoculant tests. 54 
inoculants were inspected made by the following 9 different 
companies:
 Agricultural Laboratories, Columbus, Ohio
 Albert Dickinson Co., The, Chicago, Illinois
 Allied Seed, Division of Co-op. G.L.F. Mills, Inc., Fort 
Wayne, Indiana
 Hansen Inoculator Co., Urbana, Illinois
 Legumogen Laboratories Delphi Ind.
 Nitragin Company, The, Milwaukee, Wisconsin
 Smith Agricultural Chemical Co., Indianapolis, Indiana
 United Cooperatives, Inc., Alliance, Ohio
 Urbana Laboratories, Urbana, Illinois
 Of these 54 inoculants, 2 were rated “good,” 2 “fair,” 
and none “unsatisfactory.”
 Table 2 (2 full pages, 6-7) is a report of the legume 
inoculants in 1946. The inoculants for use with soybeans 
were all rated “good.”
 On the cover is a photo (against a black background) of 
“Roots of [two] young soybean plants showing uninoculated 
check at left and inoculated at right.” Address: 1. State 
Chemist; 2. Asst. Chemist; 3. Chief Inspector; 4. Associate 
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Seed Analyst.

1307. El Salvador Ministerio de Agricultura. 1946. La soya 
[Soya]. San Salvador. 89 p. [Spa]
• Summary: The two Latin American countries in which 
soybean cultivation has acquired importance are Argentina 
and Brazil. In Argentina, cultivation began in 1908. In 1940 
Argentina produced 15 tonnes of soybeans on 300 hectares, 
increasing in 1941 to 204 tonnes on 5,000 hectares. Rio 
Grande do Sul in Brazil exported 6,420 kg of soybeans in 
1937, rising to 40,000 kg in 1939. Address: El Salvador.

1308. Jameson, J.D.; Weatherley, P.E. 1946. Report on food 
crops by the senior botanist and the botanist, Serere. Uganda 
Protectorate Department of Agriculture, Annual Report. Part 
II. p. 41-46. See p. 43-44. For the period 1st July, 1944–30th 
June, 1945. (Entebbe).
• Summary: The section titled “Soya Beans” describes 
three yield trials in which plant spacing and inoculation are 
variables. At Kawanda the best yields of threshed beans were 
obtained from R 184 (1,297 lb/acre at 6 inch spacing) and S 
42 Serere (1,204 lb/acre at 12 inch spacing). A spacing trial 
was conducted at Nwanzu (Bugosa; highest yield 997 lb/
acre), and a variety trial at Serere (highest yield 745 lb/acre 
from Hernon 6). Address: 1. Senior Botanist; 2. Botanist. 
Both: Serere, Uganda.

1309. Norman, A.G.; Krampitz, L.O. 1946. The nitrogen 
nutrition of soybeans: II. Effect of available nitrogen on 
growth and nitrogen fi xation. Soil Science Society of America 
Proceedings 10:191-96. [5 ref]
• Summary: “The soybean plant under fi eld conditions in 
Iowa probably derives the major part of its nitrogen from the 
available nitrate of the soil.”
 Soybeans do not produce maximum dry weight yields 
when relying predominantly on symbiotic nitrogen. Address: 
Iowa Agric. Exp. Station, Ames, Iowa.

1310. Fisher, John. 1947. Grow more leguminous crops. 
Farming in South Africa. 22(251):33-38, 40. Jan.
• Summary: “There are several reasons why it is absolutely 
imperative that more leguminous crops should be grown. 
In the fi rst place, the continued shortage of nitrogenous 
fertilizers has made it more diffi cult than ever to produce 
pasture grasses with a high protein for the feeding of dairy 
cows...”
 Table 1, “Percentage composition of feeds,” gives a 
nutritional analysis of the major cereal grains, oil seeds 
(cotton seed and fl ax seed), leguminous grains (including 
soya beans), and legume hays (including soya beans).
 Table 2 lists the “Percentage composition of grasses.”
 The section on “Soil and climatic requirements of 
legumes” begins: “Soil.–It is frequently stated that legumes 
will not grow in acid soils. This, however, is not true, as 

there are certain legumes which are quite tolerant of acid 
soils. Mention can be made of vetches, lupins, soya beans 
and some clovers, particularly wild white clover, best of the 
grazing clovers. Lucerne and cowpeas are more particular 
and do not tolerate the same acidity... If the bacteria absent, 
however, the legumes will not thrive, perhaps not even grow. 
It has come to be generally accepted that soya beans are 
better for sourveld areas, whilst cowpeas may do better on 
sweet soils.”
 “The cowpea and soya bean are summer legumes for the 
midlands and even the high veld. There, the planting time 
of these crops can be so regulated that they will be ready for 
making into hay when the dry weather sets in, and the soil is 
dry.”
 “Much more attention should be given to soya beans 
and cowpeas in the summer-rainfall areas where perennial 
legumes like lucerne and kudzu do not grow well... The soya 
bean is our most healthy summer legume, as it is seldom 
subject to leaf blights, and is not attacked by weevils in the 
seed. It should therefore he grown on a scale many times 
greater than it is to-day.
 “As will be seen from the tables, the protein percentage 
of soya beans is roughly 3½ times that of maize. So, for 
example, 5 bags of soya beans (200 lb. per bag) will contain 
365 lb. of protein, whereas 5 bags of maize (200 lb. per bag) 
will contain only 101 lb. of protein, while a comparable 
weight of soyabean hay (1,000 lb.) will contain as much as 
160 lb. of protein.”
 “Points to Bear in Mind:... All legume crops should 
have large numbers of nodules on their roots if they are to 
enrich the soil as well as give hay and grain with a high 
protein content, but they do not all have the same strain of 
nodule organisms on their roots. Some nodule organisms can 
function on several legumes, but others are specifi c to certain 
legumes. The soya bean requires its own special organism 
which is not found in our South African soils until they have 
been inoculated with it.”
 The author closes with a discussion of the various 
“Cross-inoculation” groups. Soya beans are in their own 
group. Address: Principal, College of Agriculture, Cedara.

1311. Adair, C. Roy. 1947. Third work planning conference 
of the U.S. Soybean Regional Laboratory for the Southern 
States region, Memphis, Tennessee, February 5-7, 1947 
(Continued–Document part III). RSLM (U.S. Regional 
Soybean Laboratory Mimeograph, Urbana, Illinois) No. 142. 
29 p. Feb. 7.
• Summary: (Continued): Page 20: “Thursday afternoon, 
February 6–R.W. Marston, Chairman Special Topic–Factors 
Affecting Soybean Production
 “Legume Inoculation in the South with Special 
Reference to Soybeans by Lewis W. Erdman–Data taken 
from New Jersey Station Bulletin 607 were given to picture 
the nitrogen balance in the soils of the United States. The 
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annual additions of 5,464,566 tons of nitrogen fi xed by 
symbiotic bacteria in legumes (including 1,698,794 tons for 
harvested crops; 2,320,772 tons for pastures in farms; and 
1,445,000 tons for pastures not in farms) plus 4,366,170 
tons fi xed by non-symbiotic microorganisms represented 
roughly 9/16 of the total nitrogen income from all sources 
amounting to 16,450,000 tons. Total annual losses amounted 
to 23,660,000 tons, making a net annual loss of 7,210,000 
tons.
 “Since 1930 these losses have been reduced 
considerably, due to the efforts of the Soil Conservation 
Service. Likewise, additions of nitrogen have been materially 
increased due to the huge increase in acreages of inoculated 
legumes, especially during the war years.
 “In 1929 estimated total production of legume bacteria 
cultures for all cross inoculation groups was around 
1,500,000 bushel units. Now the estimated annual production 
of legume inoculants is around 22,500,000 bushel units. It 
was further estimated that of this total, about 15,000,000 
bushels have been prepared for the inoculation of soybeans. 
Soybean bacteria (Rhizobium japonicum) are specialists–
some do better on certain varieties, and there is evidence 
that adaptation of strains of bacteria for different varieties 
in a given locality may be an important factor. Also, the 
problems of breeding for increased quality, oil content, etc., 
may infl uence the genetic factors within the plant that carry 
the ability to be nodulated and to enter into an effi cient 
symbiosis with the Rhizobium. Laredo and Peking soybeans 
have always presented an inoculation problem to the soil 
bacteriologist, in that they are more diffi cult to successfully 
inoculate than other varieties. Soybeans are grown in corn 
belt soils at a time when there is a maximum production 
of NO3 nitrogen by soil organisms. When NO3 is present, 
soybeans utilize it; and the need for fi xation is lessened. This 
may account for the relatively small amount of nitrogen fi xed 
by soybeans. A 25-bushel soybean crop, requires about 125 
pounds nitrogen. It is doubtful if more than 50 pounds per 
acre are fi xed under corn belt conditions, consequently high 
yields are produced at the expense of soil nitrogen.
 “In the south, soils are notably defi cient in nitrogen 
as well as certain other nutrients. Low State averages 
mentioned in the State reports seem to offer a challenge for 
better cultural and fertilizer practices and perhaps inoculation 
research on soybeans.
 “There is a need for more accurate data showing the 
amounts of nitrogen fi xed by different legumes growing 
under different soil and climatic conditions. With the new 
technique using the stable isotope N15, it will be possible 
to calculate the effect of various levels of fertility on the 
amount of nitrogen fi xed by various legumes.
 Page 24: “Soybean meal for poultry has certain 
advantages:
 “(1) Low price and abundance compared to animal 
protein supplements.

 “(2) Soybean meal has a good proportion of most of the 
essential amino acids though low in one or two.
 “Soybean meal has certain disadvantages;
 “(1) lower mineral content than some protein 
supplements.
 “(2) Lower vitamin content (ribofl avin especially)
 “(3) Heat treatment is desirable to improve biological 
value, but too much heating is harmful.
 “A laying ration containing 30 percent soybean 
meal was satisfactory for egg production but caused low 
hatchability and low viability of chicks. This was not true 
of some strains of poultry. The laying rations and growing 
rations were improved by addition of fi sh meal, dried 
skimmed milk, or fresh cow manure. Green pasture also 
improved the gains.
 “Cottonseed meal cannot be used in laying ration but 
can be used in growing rations. All this work is being done 
on expeller and (hexane) solvent meal. The experiments will 
have to be repeated if alcohol-solvent meal becomes plentiful 
enough to become generally available.
 “Discussion of Cooperative Soybean Projects for the 
Southern States–Mr. Marston discussed the Flannagan-
Hope bill and tentatively defi ned marketing as anything that 
happens to a commodity after harvest.
 “A request from one of the Experiment Stations for 
additional research on soybean production problems and on 
soybean storage and marketing problems in the South was 
brought to the attention of the conference group. Following 
a discussion of the need for such work, it was moved by 
Professor J.F. O’Kelly, Mississippi Agricultural Experiment 
Station, that two projects, (1) breeding, cultural, and 
production, and (2) seed storage and marketing for soybeans, 
be submitted to the Directors of the Agricultural Experiment 
Stations of the southern states for their consideration as a 
project under the Flannagan-Hope Research and Marketing 
Act. This was seconded by Professor H.W. Staten of the 
Oklahoma Agricultural Experiment Station and carried 
unanimously.
 “The following committees were appointed: (1) 
Committee to consider seed storage and marketing project:–
W.R. Paden, C.R. Sayre, H.W. Marston, W.J. Morse, L.E. 
Holman, P.R. Henson, and J.L. Cartter; and (2) Committee 
to check the production research project:–H.W. Staten, C.R. 
Adair, John Gray, and W.B. Allington.
 “The committees were instructed, to draw up an outline 
of the proposed project consideration at the afternoon 
session.
 “New Soybean Introductions and Recent Developments 
Abroad, by W.J. Morse–The introduction of soybeans since 
1932 has been at a rather low ebb. From 1932 to 1946, 
inclusive, 316 samples have been received from foreign 
countries, of which 100 were from oriental countries–
China, Japan, Manchuria, India, and Java. Although these 
introductions have been tested at several locations, as yet 
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very few have shown any special promise. P.I. 4104,881–
Nanksoy, from Nanking, China–has shown some promise as 
a grain type in Louisiana. In 1946, 105 introductions–very 
early [page 25] early, and medium early types–were received 
from the Belgium Department of Agriculture. This collection 
represented varieties and strains obtained originally from 
Austria, Canada, Denmark, Netherlands, Portugal, Rumania, 
Sweden, United States, and U.S.S.R. Some rather interesting 
strains were noted in the introductions grown at Urbana, 
Illinois, and Beltsville, Maryland, in 1946. The following 
table shows the countries from which introductions were 
received and the number from each country by years:”–
Africa, 14 in 1942.
 Australia, 7 in 1939.
 Belgium, 106 in 1946.
 Brazil, 1 in 1936.
 Canada, 3 in 1938.
 China, 57 in 1933-1937.
 El Salvador, 2 in 1946.
 England, 1 in 1945.
 France, 3 in 1937 and 13 in 1946.
 Guatemala, 1 in 1941.
 Hawaii, 2 in 1944.
 India, 21 in 1936 and 7 in 1937.
 Japan, 5 in 1932-1937.
 Java, 8 in 1939.
 Manchuria, 12 in 1932-1941.
 Netherlands, 18 in 1939 and 12 in 1946.
 Poland, 8 in 1934 and 1 in 1940.
 Spain, 1 in 1934.
 Sweden, 1 in 1936.
 Tibet, 2 in 1932.
 Uruguay, 1 in 1935.
 U.S.S.R., 4 in 1933 and 1 in 1934.
 Venezuela, 3 in 1940. In reviewing the introductions 
received during the past several years, it was noted that 
very few varieties have been obtained south of Nanking, 
China. Although the number of introductions has been few, 
several have given good results in the Southern States, such 
as Biloxi, Laredo, Seminole, Cherokee, Palmetto, Nanksoy, 
Clemson, Missoy, and others from the Nanking region. It 
would seem that South China offers an excellent region for 
exploration of new varieties. Chinese have informed us that 
the south region does not have an abundance of varieties. 
However, whenever we do get an introduction from that 
region, it seems to fi t in somewhere in our Southern States 
and it is believed that there are many varieties and strains 
in the South China region that would be of value to our 
southern soybean program.
 “As to recent developments abroad with soybeans, it 
would seem from the numerous foreign visitors to the offi ce 
and our foreign correspondence that interest in soybean 
production is world wide. From July 1, 1945, to July 1, 
1946, we had at the Division 50 visitors from 20 foreign 

countries. Some of these spent from one or two months 
to a year studying all phases of the industry. The foreign 
requests for experimental lots of seed were numerous. The 
following table indicates the widespread interest in the 
crop:” (Continued). Address: Secretary of the Conference, 
Memphis, Tennessee; U.S. Regional Soybean Laboratory, 
Urbana, Illinois.

1312. Armour, M.L.; Lambert, J.W. 1947. Soybeans for 
Minnesota. Minnesota Agricultural College, Extension 
Bulletin No. 134. 8 p. March. Revised. Revised Jan. 1956.
• Summary: Contents: A crop of many uses: As a cash crop, 
grain for feed, emergency hay, pasture, straw, green manure. 
Soybeans and the soil: Introduction, inoculation is insurance, 
produce well on most soils. Growing and harvesting: 
Choosing the variety, inoculating the seed, prepare seedbed 
well, early planting best, plant thick and shallow, planting 
not diffi cult, cultivate to control weeks, harvest at 14 per cent 
moisture. Address: Minnesota.

1313. Nitragin Co. (The). 1947. Soybeans need inoculation! 
Soybean Blue Book. Inside front cover.
• Summary: This full page black-and-white ad is for Nitragin 
inoculant. Note: This ad shows that the Blue Book is for both 
soybean growers (who need an inoculant) and processors. 
Address: 3935 N. Booth St., Milwaukee, Wisconsin.

1314. Soybean Blue Book. 1947. American Soybean 
Association. p. 13-14.
• Summary: Organized 1920. Incorporated Feb. 28, 1946. 
Executive Offi ce, Hudson, Iowa. Offi cers. Directors. 
Activities: Fights your legislative battles, holds annual 
conventions, sponsors yield contests, conducts campaigns 
(such as inoculation campaigns), answers your questions. 
Publications: Soybean Digest and Soybean Blue Book. 
Memberships: Active membership open to individuals for 
$2.00 a year, or associate memberships open to organizations 
for $10 a year. Honorary life members.
 Local soybean growers associations: (1) Soybean 
Roundup, Van Wert, Ohio. Eighth annual meeting held Feb. 
1947. Lists committee and offi cers. (2) Remington (Indiana) 
Soybean Show. Held annually in December. Ninth annual 
meeting held December 1946. Lists committee. (3) Audrain 
County Association, Mexico, Missouri. John M. McClure, 
county agent. (4) North Mississippi County Planning 
Committee, Blytheville, Arkansas. Keith J. Bilbrey, county 
agent. (5) Essex County Soybean Association, Essex, Ontario 
[Canada]. Angus McKenney, agricultural representative 
Essex County.

1315. Brochon, René. 1947. Blanche Neige & Les Sept 
Nains ou l’inoculation du soja [Snow White and the 
Seven Dwarfs, or the inoculation of soybeans]. Revue 
Internationale du Soja 7(37-38):36-37. March/April. [Fre]
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• Summary: The story I just told you is called scientifi cally, 
the symbiosis, a nice name is not it.
 It is the same for orchids, lichens, beans (haricots), 
beans (fèves), peas and alfalfa, all vegetable and fodder 
legumes and even for larvae of dragonfl ies.
 It is amazing but true.
 But I have to give advice to all those who will be 
planting Snow White Snowfl akes this year, to vaccinate 
them, just as we vaccinate a child or a teenager.
 To speak a more down-to-earth language, the fact of 
inoculating the soybean seed allows the young plant to draw 
much faster in the air the nitrogenous bacteria favorable to its 
development; everything when you sow for the fi rst time.
 So, let’s get married to Snow White and her Prince in 
vaccinating your seeds, or to use a more technical word, to 
inoculate them. The inoculation or nitragination of soybeans 
and legumes is part of this bacterial culture that is intended 
to regenerate our plants and soils.
 It should not be forgotten that the nitragination of 
soya can increase the yield of crops by a percentage which 
sometimes goes up to 20% and that it improves the quality of 
the seed and increases the nitrogen content.
 It has even been possible to develop culture broths 
which not only allow inoculation of all legumes, but also all 
cereals, potatoes and turnips.
 These preparations contain azobacters, radiobacters, 
accessory bacteria. They also provide plants with 
atmospheric nitrogen.
 You will see that, over time, all edible plants, like soy, 
will also become Snow White with diligent Dwarves in their 
roots.
 We know that barley, rye, oats, wheat, corn, potatoes, 
are great “eaters of nitrogen.”
 Thanks to these bacterial preparations, they draw in the 
air in signifi cant quantities, oft an appreciable increase of the 
crops in yield and quality.
 Bacterial culture offers a huge future for our agriculture 
because the fertility of humus is linked to the fl ourishing of 
its microbial life.

1316. Chevalier, Auguste. 1947. Cultures nouvelles et 
cultures qui disparaissent en Afrique Occidentale [New crops 
and crops which are disappearing in West Africa]. Revue 
Internationale de Botanique Appliquee et d’Agriculture 
Tropicale 27(293-294):134-38. March/April. [Fre]
• Summary: Soya is listed among the new crops. “Soya 
(Le Soja; Soja max Piper = Glycine soja Zuccar.) in the 
indigenous cultures of black Africa in some regions: Upper 
Côte d’Ivoire, Sudan, South Nigeria, and Cameroon. It is the 
colonial administrations which have extolled the crop and 
have distributed the seeds. Thirty years ago the soybean was 
completely unknown in black Africa, even at the agricultural 
experiment stations. The fi rst acclimatizations succeeded 
poorly. It was necessary to introduce the root nodule bacteria 

in pure cultures in order to have them sown on lands 
where soya was cultivated for the fi rst time. Next, it was 
necessary to investigate the varieties suited to the various 
tropical climates. The crop was developed in West Africa 
at the stations of Bingerville at Sérédou (French Guinea), 
at Dschang (Cameroon), in Nigeria, etc. In Côte d’Ivoire it 
is only from 1940 that this crop has been propagated and 
spread among the indigenous people.
 “Only 4 varieties have given good results: Haberland 
[Haberlandt], an old European variety, Bingitt 27 and Bingitt 
29, and Mocara black [Mocara noir], originally from Java 
(Roland Portères). These varieties have spread among the 
indigenous people of the high plateaus of Cameroon, to 
the south of the Adamawa (l’Adamaoua), and in French 
Guinea, the region of Macenta and in Upper Côte d’Ivoire, 
near Bobo-Dioulasso, Banfora, Sikasso, etc. The indigenous 
people have used them to make fermented pastes to replace 
the Soumbara [also spelled “Soumbala” in later documents], 
a condiment prepared with the seeds of Parkia. However the 
plant does not seem to be able to contend with peanuts for 
export. Meanwhile, according to Portères, soya has a certain 
and promising future in the Mossi [in what is today central 
Burkina Faso] and in certain mountainous regions of black 
Africa.
 Note 1. This is the earliest reliable document seen 
(June 2004) concerning soybeans in Côte d’Ivoire, or the 
cultivation of soybeans in Côte d’Ivoire.
 Note 2. This is the earliest document seen (Jan. 
2012) that mentions Soumbara (also called Soumbala or 
dawadawa), a condiment made from soybeans instead of the 
traditional Parkia seeds. Address: Professeur honorare au 
Museum national d’Histoire naturelle de Paris, France; and 
publisher of this journal.

1317. Harris, J.R. 1947. Legume inoculation. J. of the 
Department of Agriculture of South Australia. 50(9):447-54. 
April. [2 ref]
• Summary: The section titled “Historical” (p. 448-49) 
contains an excellent history of the discovery of nitrogen 
fi xation by legumes, which begins: “In 1838 Jean Baptiste 
Boussingault [lived 1802-1887], a prominent French 
chemist, compared the growth in pots of peas, clover, and 
wheat to fi nd that the peas and clover had accumulated 
nitrogen content nearly 20% greater than that lost from the 
soil, whereas the nitrogen content of wheat equalled that 
lost from the soil. This suggested that peas and clover could 
utilize nitrogen from the air, but that wheat could not.
 “This discovery made in the very infancy of agricultural 
science, provoked a controversy which persisted until almost 
the turn of the century, namely the ability or otherwise 
of plants to ‘fi x’ atmospheric nitrogen. Many of Europe’s 
foremost chemists entered the arena, each with his series 
of experiments, current theory with relevant evidence, and 
ardent band of disciples in support, but progress was slow 
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due to the inability of many of the experimentalists to be 
able to duplicate their own or anyone else’s results. In fact, 
Boussingault himself was unable to confi rm these initial 
results of his...
 “It was left to two German investigators, Hellriegel and 
Wilfarth to supply the key to the problem. In 1886 they set 
up a series of experiments...” Other key experiments were 
conducted by Lawes, Gilbert, and co-workers at Rothamsted, 
England; Marshall Ward (1887; he showed that in the 
absence of bacteria, no nodules appear), and Beijerinck 
(1888; he isolated the bacteria from the root nodules). “Thus 
the controversy of half a century came to an end.
 A simple table (p. 447) is titled “Soil nitrogen account.” 
Income: “Plant residues returned to soil. Excreta of grazing 
animals. Nitrogen absorbed from the air by legumes.
 An interesting illustration (p. 448) shows “The nitrogen 
cycle of the soil.” Gains come from animal manure (which 
becomes humus through microbial activity), and nitrogen 
fi xation by legumes. Nitrogen is lost when crops are 
harvested or forage / pasture is consumed by animals, which 
are in turn used as a source of wool, meat, milk, etc. Address: 
Offi cer, Div. of Soils, Council for Scientifi c and Industrial 
Research.

1318. Revue Internationale du Soja. 1947. Congrès du Soja 
[Soy Congress]. 7(37-38):30-31. March/April. [Fre]
• Summary: On Sunday, March 16 at 2:30 p.m., at the 
university campus (cité Universitaire [Cité Internationale 
Universitaire de Paris]), the First Soy Congress (Premier 
Congrès du Soja) was held–the fi rst of its kind in Europe. It 
was organized by the French Soy Bureau (Bureau Français 
du Soja), the Laboratory of Soy Testing (Laboratoire 
d’Essais du Soja), with the participation of the France-
China Association (l’Association France-Chine). Under 
the honorary chairmanship of Mr. Marius Montet, minister 
of French Overseas Departments and Territories, and Mr. 
Li Yu Ying, president of the National Academy of Peiping, 
the congress was offi cially chaired by Professor Louis 
Blaringhem, president of the Academy of Sciences, and His 
Excellency the Chinese Ambassador.
 The illustrious assembly included many leading 
fi gures in science and agriculture. They included Ms. Lucie 
Randoin, director of the Food Hygiene Society, Professor 
Hugues Gounelle, founder of the Foch Foundation, Mr. 
Thibodeaux, agricultural attaché from the United States, 
Mr. Protin, representative from the Ministry of Agriculture, 
Inspector General Saurel, Mr. Lévêque and Mr. Lemarchand, 
delegates from the Belgium Soy Group, Mr. Joseph Lefèvre, 
director of the Agricultural Institute, Mr. Pierre Deloncle, 
former secretary of the colonial exhibition, and Mr. 
Lirondelle, rector of the university campus.
 Attendees came from all over France: from the north 
and the Vosges region, from Strasbourg, and from central and 
southern France. Others came specially from Belgium and 

Switzerland.
 Mr. René Brochon, president of the French Soy Bureau, 
brought greetings from the distinguished writer Paul Claudel, 
former French ambassador and fervent soy advocate. He 
also paid tribute to the young journalist Jean Saillenfest, 
who died recently, and who was deeply committed to the 
popularization of the soybean.
 He then went through a panorama of the uses of soy, 
in oil mills, in the food industry, on farms, and pointed out 
the role of soymilk (lait de soja) as an artifi cial food for 
infants. He also pointed out that today in the United States, 
considerable amounts of hormones are extracted from soy 
sterols (stérols du soja).
 Mr. Mayer, representing Mr. Schad, director of the 
Clermont-Ferrand Agricultural Research Station, gave a very 
well-supported presentation, as always, in which he showed 
that he had selected varieties that can be grown in France 
with a high likelihood of success.
 Mr. Simonet, director of scientifi c research at Vilmorin, 
also gave an interesting presentation on the soybean varieties 
he identifi ed at the Antibes Agricultural Research Center. 
Unfortunately, his presentation was cut short due to lack of 
time.
 Mr. Salaberry, an agronomist, demonstrated the role that 
natural and artifi cial manures can play in growing soybeans.
 Mr. Blanchard, foreman at the Ministry of Agriculture’s 
Seed Trial Station, spoke about work he has done at the 
Seed Trial Center to test species purity and seed germination 
capacity, which must be higher than 85%, since soybeans 
have a long germination period.
 Mr. Chouard, professor of agriculture at the National 
Conservatory of Arts and Crafts, spoke in particular about 
soybean symbiosis. Since it is a legume, it acts as a nitrogen 
fi xer in the soil. He also spoke about photoperiodism 
phenomena, which allow soybeans–a short-day plant–to 
produce plants with large amounts of seeds in southern 
regions, where days are the shortest. He added curious 
details about these phenomena.
 In a new report, Mr. Brochon indicated that soybeans are 
a qualitative food, and that it only takes 40 to 50 grams to 
create a balanced diet and provide enough whole protein. He 
noted that due to the lecithin it contains, soy fl our (farine de 
soja) can be used the same way as eggs in cooking. He added 
that in France, there are two manufacturers of whole soy 
fl our, and several factories that produce soy-based diet foods. 
In America, soy fl our production has reached almost 50,000 
tons per year, and the fl our is primarily used in baking and 
industrial pastry-making. During the audience’s applause, 
Mr. Brochon took the opportunity to extend greetings from 
Mr. Hans Balzli, who was retained in Holland.
 Mr. Chin Kuo Chun, director of the Soy Trial 
Laboratory, presented the results of his work in producing 
soymilk, tofu and soy sauce (du fromage et de la sauce de 
soja) in France, using the traditional Chinese methods, and 
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talked about plans for organizing family gatherings to taste 
these products.
 Professor Gounelle, director of the Foch Hospital, gave 
a very nice presentation showing that soy fl our can radically 
cure edema caused by undernutrition, and that it is perfectly 
suited for diabetics. For all those who have oral surgery, 
who can swallow only liquid food, administering soy fl our 
gruel invariably prevents the loss of several kilograms that 
generally results from this type of surgery.
 Mr. Boutroux brilliantly demonstrated that soymilk can 
act as a benefi cial substitute for cow’s milk in the feeding of 
nutrient-defi cient babies, and he spoke about the soy product 
industries that currently exist in France.
 Mr. Siao Yu, former Chinese Minister of Agriculture, 
recounted how Mr. Li Yu Ying, who is the current rector at 
the University of Peking, created a soyfood product factory 
near Paris in 1908, which produced milk, tofu, cakes, etc. He 
saluted with emotion this First Soy Congress to be held in 
Europe.
 Mr. Villars, director of a cooperative that produces select 
soybean seeds (semences de soja) in the Massif Central, 
showed the lengths his cooperative goes to, and the often 
diffi cult circumstances it must face, in order to produce high-
quality seeds for growing soybeans all throughout France.
 Mr. Brochon read a report from Mr. Amédée Matagrin, 
technical consultant from the French Soy Bureau, providing 
very interesting documents on the industrial use of soy, 
from oil extraction, to manufacturing plastic materials, 
to producing all types of food products, pharmaceutical 
products, hormones, soaps, varnishes, industrial lubricants, 
etc.
 Mr. Vançon, president of the Northern Family Gardens 
Association, gave a very charming presentation on how, after 
being debilitated by numerous surgeries, he was only able to 
regain his health by consuming soy regularly, particularly in 
the form of soy fl our. Thanks to his promotion, thousands of 
gardeners are now growing soybeans in northern France, and 
consume them regularly.
 The congress wrapped up with remarkable words from 
Mr. Blaringhem, president of the Academy of Sciences, 
and chair of the congress, Mr. Bineau, secretary general of 
the France-China Association, and from S.E., the Chinese 
Ambassador, who expressed his satisfaction at seeing soy 
use spreading in France. Soy is the strength behind China, a 
peaceful country for thousands of years.
 A reception honoring China, birthplace of the soybean, 
took place next, and then a buffet was served with soy-based 
cakes and pastries, soy chocolate products, and soymilk. 
It goes without saying that this buffet was a considerable 
success.
 Note: Translated by Elise Kruidenier, Seattle, 
Washington.

1319. Revue Internationale du Soja. 1947. Le soja à travers 

le monde [The soybean around the world]. 7(37-38):44. 
March/April. [Fre]
• Summary: Contents: French West Africa (AOF; In 1946 
all these territories sent 388 metric tons of soybeans to 
Continental France). French Equatorial Africa (AEF; total 
production of soybeans here was about 100 metric tons in 
1946). Bulgaria. Switzerland, Great Britain. USA. Austria. 
Germany. USSR. Sweden. Yugoslavia.
 Note: French West Africa (AOF) was a federation 
of eight French colonial territories in Africa: Mauritania, 
Senegal, French Sudan (now Mali), French Guinea, Côte 
d’Ivoire (Ivory Coast), Upper Volta (now Burkina Faso), 
Dahomey (now Benin) and Niger. The capital of the 
federation was Dakar. The federation existed from 1895 until 
1960.
 French Equatorial Africa: Established in 1910, the 
federation contained fi ve territories: French Congo, Gabon, 
Oubangui-Chari, Chad, and French Cameroon (after World 
War I), although the last was not organized as a separate 
entity until 1920.
 Bulgaria: In 1945, the soybean seed (graines de soja) 
yield was 81.2% lower than in 1944. In 1945, the 6,499 
hectares planted with soybeans only yielded 2,190 tons, 
while in 1944, 6,244 hectares supplied 11,531 tons.
 Austria: Professor Wilhelm Halden, from the University 
of Graz, continues to study soybeans (le soja).
 We have no news from Dr. Kupelwieser from Vienna.
 Germany: Denazifi cation has allowed soyists (sojaïstes) 
who did not jeopardize themselves through association 
with Hitler to resume their research and work. These 
include Professor Wilhelm Rudorf, located in Voldagsen-
Elze (Hanover); Professor Sessous, from the University 
of Giessen; and Dr. Othon Knapp, who, after having lost 
everything in Hungary, settled in Wachenheim (Palatinate).
 U.S.S.R.: We conducted a search for Professor 
Muszynski, from Vilnius University. To our great regret, it 
appears that he was assassinated. In him, we have lost a great 
soybean expert.
 Sweden: Professor Herman Nilsson-Ehle, from Svalöv, 
is one of the most highly skilled geneticists, and has delved 
much deeper into the soybean question.
 Mr. Sven A. Holmberg continues to grow a number of 
soybean varieties in Norrköping.
 Yugoslavia: Dr. Louis Gutschy, former professor at the 
University and Polytechnic of Zagreb (Agram), is going 
to publish a work on soybeans. He is preparing another on 
nitrogen-fi xing bacteria (azobacters) in which he explains a 
very simple method for creating a microbial fertilizer for the 
inoculation of soybean seeds.
 Professor Gutschy produces a number of soy food 
products (produits alimentaires sojaïques) that have proved 
particularly analeptic. Note: An analeptic, in medicine, 
is a central nervous system stimulant. The term analeptic 
typically refers to respiratory analeptics.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   619

© Copyright Soyinfo Center 2018

 Translated by Elise Kruidenier, Seattle, Washington.

1320. Kerle, W.D. 1947. Soybeans. Agricultural Gazette of 
New South Wales 58(5):227-31. May 1; 58(6):295-98. June 
1. Summarized in Soybean Digest, Nov. 1947, p. 34.
• Summary: Contents: Introduction. World distribution. 
Experience in New South Wales. Soil and climatic 
requirements. Soil preparation. Time and methods of sowing. 
Fertilisers. Inoculation of seed. Varieties. After cultivation. 
Rotation. Harvesting. Storage. Yields. Insect pests and 
diseases. Uses of soybeans (soybean oil for food and 
industrial purposes, soybean meal for livestock feed, soybean 
plastics and wool, soybean fl our, green vegetable soybeans, 
soybean milk, sprouts, mature soybeans). Economic aspect 
of soybean growing.
 Experience with soybeans in New South Wales 
extends over the past 30 years [i.e., since about 1917]. 
Hundreds of varieties have been imported from East Asia, 
the USA, and other countries, and fi eld experiments have 
been conducted in all districts of the State. Numerous 
trials have been conducted at Hawkesbury Agricultural 
and Experiment Farms with varieties, cultural practices, 
fertilisers, seed inoculation, etc. Several soybean varieties 
are now recommended and the Northern Tablelands have 
been shown to be the district best suited to seed production, 
yet the yields there (averaging 7 bushels/acre over a ten year 
period) have not been suffi cient to recommend soybeans as 
a commercial crop. Yields of over 20 bushels/acre, however, 
have been obtained in variety trials. The best variety is 
Potchefstroom 169, originally from South Africa. Other good 
varieties available in NSW include Easy Cook [Easycook], 
Haberlandt, Otootan, Lincoln, Dunfi eld, and Richland.
 Before World War II, soybeans were imported from 
China and the Netherlands East Indies for about 6 shillings 
per bushel. During the war the price for soybeans (whose 
production was very small) was as high as 42 shillings 
per bushel, and contracts were let at 25 shillings by the 
Commonwealth Government in 1942-43. Of all the states of 
Australia and New Zealand, Queensland now seems to show 
the best promise of success in growing soybeans.
 In 1924 in the USA only about 6% of soybean 
production was crushed for oil, but in 1940 this fi gure rose to 
83%.
 Photos show: (1) Farmer standing in a fi eld of high 
soybeans on the North Coast. (2) A fi eld of soybeans in the 
early stages of growth. (3) Soybean roots showing well-
developed nodules. (4) Mature plant of Potchefstroom 169. 
(5) A man examining Easy Cook [Easycook] soybeans 
growing in a fi eld. (6) Soybeans “cocked” after harvesting 
with reaper and binder. (7) Soybeans being grown as a 
green manure crop between tung oil trees. Address: Special 
Agronomist, New South Wales.

1321. Brillmayer, Franz A. 1947. Die Kultur der Soja in 

Oesterreich [The cultivation of the soybean in Austria]. 
Vienna, Austria: Scholle-Verlag. 97 p. Scholle-Buecherei, 
Bd. 80. With 33 illust. and 16 tables. 22 cm. [Ger]
• Summary: Contents: Foreword (written in May 1947 
at Braunsdorf-Wien). 1. The origin of the soybean and 
how it spread throughout the world. 2. The history of its 
introduction into Europe: Into Austria, into Germany, into 
France, into Poland, Hungary, and the Balkans. 3. Botanical 
information about the soybean: Its morphology, physiology, 
Austrian varieties, European varieties, diseases and pests, 
nodule bacteria and hormones. 4. Breeding, the goals of 
breeding, and conduct of investigations (Versuchswesen). 5. 
Climate and suitable varieties. 6. Culture: Soil, preceding 
and subsequent crops in rotations, preparation of the soil, 
fertilizing the soil, time of seeding, inoculation, seeds, 
scarifi cation (Beizung) of the seeds [to “wound” or scratch 
the seed coat so that the seeds imbibe water and thus 
germinate better], plant spacing and density of planting, 
amount of seeds and depth of planting, damage done by wild 
animals (game), care of the crop, harvest, threshing, storage.
 Note: Throughout this book, the author uses the word 
“Soja” to refer to the soybean. Occasionally he also uses the 
German words Sojafrucht (for the bean / seed).
 During the summer months, the days grow longer the 
further north you go and the closer you get to the summer 
solstice (p. 33-34).
 Soybean varieties in Austria (p. 41-43): Soybean 
breeding in Austria began with the small-seeded black Platter 
SS 14; the weight of 1,000 seeds was 65 gm. But from it 
large-seeded varieties were developed with a 1,000 seed 
weight of 160 gm. The yield of SS 14 was low. In the 1929 
seed catalog from Platt the following new soybean varieties 
appeared for the fi rst time: Platter gelbe Riesen (Platt Yellow 
Giant). Platter gelbe (Platt Yellow). And on the price list the 
following varieties appeared: Frühe Braune (Early Brown). 
Braungelbe I und II (Brownish Yellow I and II). Fruhwirth’s 
Black Eyebrow. Schwarze von Rastatt (Black from Rastatt 
[in Baden-Württemberg]).
 In 1927 twenty varieties were received from the USA; 
the names and days to maturity are given.
 In 1937 in Austria the Soya Ring (Sojaring) was 
founded. Growing contracts were signed with industry and 
prices agreed upon. The processing industry was built mainly 
on processing imported soybeans, but it was soon agreed 
that with the import license a part of the duty could be used 
to buy a certain amount of domestic soybeans and process 
them.
 European varieties (p. 45-47): A List of 10 German 
varieties, two Polish varieties, eight Austrian varieties, one 
Hungarian variety, and 20 French varieties is given. In 1947 
most of the French varieties were developed by Rouest. A 
report by H. Gay in Tunisia reports on various U.S. soybeans 
grown there. When Henry Ford went to Europe, he fi rst tried 
growing soybeans he brought from Michigan. But when 
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they didn’t ripen, he began to work with Mr. J.L. North. Two 
Yugoslavian and two Romanian varieties are mentioned.
 The Romans understood that growing legumes improves 
the soil for later crops. The Chinese probably understood 
that too. But Hellriegel was the fi rst to clearly understand the 
nature and function of root bacteria. (p. 50-51).
 Soybean breeding in central Europe started in about 
1927 (p. 54). The soybean is a plant that prefers warmth (p. 
65).
 Illustrations show: (1) Exports of soybeans from Asia 
to Europe, 1908-1933 (p. 7). (2) Soybean growing areas in 
Asia, Africa, and Europe (p. 8). (3) Soybean growing areas 
in the USA (p. 9). (4) The four stages of a soybean seed as 
it sprouts in the soil (p. 26). (5) A young soybean plant. (6) 
The main axis of a soybean plant (p. 27). (7) Three soybean 
plant growth types (p. 28). (8) Growth of the plant’s root 
systems (p. 28). (9) The shape of two different sets of leaves. 
(10) Pods fi lled with seeds on a stem (p. 30). (11) Empty 
pods on a stem. (12) Vegetative and reproductive of the 
soybean plant (p. 31). (13) Development of the underground 
portions of the plant with time. (14) Graph of day length in 
Vienna. Maximum length on June 20 (p. 34). (15) Graph 
of day length in Vienna and Lamagistere (shorter days than 
Vienna). (16) Relationship between planting date and yield 
of seeds and straw (p. 41). (17) Damage by rabbits to young 
soybean plants (p. 49). (18) Development of the vegetative 
phases of the soybean plant with time (p. 55). (19) Vegetative 
development of a late variety. (20) Vegetative development 
of a very late variety. (21) Vegetative development of an 
ideal variety (p. 56). (22) Shortening of the vegetative 
period. (23) Map of Europe showing where large-scale 
cultivation of soybeans is possible (p. 63). (24) Map of 
Austria showing three zones where large-scale cultivation of 
soybeans is possible; most are in eastern Austria (p. 64). (25) 
The soybean root system needs deep penetration of the soil 
(p. 67). (26) A crust on the soil surface reduces water loss 
from sun and wind (p. 68). (27) One ha of soybeans takes 
from the soil: 80 kg water, 130 kg nitrogen, 120 kg lime / 
calcium, 80 kg silicon, 56 kg potassium, 40 kg phosphorus, 
40 kg magnesium. (28) Record the dates of soybean planting 
and harvest (p. 70). (29) How to store soybeans: right way 
and wrong way. (30) Different distances between seeds in 
a row: 5, 7¼, 10 and 15 cm. (31) Widths between rows. 
(32) Planting rows for mechanical harvest. (33) Square, 
rectangular and triangular planting patterns (p. 76).
 The 33 interesting photos at the back of the book 
include: (1) A single soybean plant of the variety Platter 
gelbe Riesen [Platt Giant Yellow] with pods. (2a) A plant of 
the fi rst acclimatized soybean variety, SS 14. (2b) A soybean 
plant of the variety Pfl anze gelbe Riesen in Lamagistere, 
heavy with pods growing close to the stem. (3a) The fi rst 
soybean fi eld in 1924 growing the variety Platter SS 14. (3b) 
The same fi eld one year later.
 (4a) A soybean breeding nursery in Platt: In the 

foreground, early, low soybean varieties. In the background, 
late fodder varieties. A man is standing in the middle of the 
fi eld. (5a) A soybean breeding nursery in southern France (at 
Lamagistere). A man is standing in the middle of the fi eld. 
(5b) In April 1937 the best Austrian soybean varieties being 
planted at St. Sylvain d’Anjou. Five people are involved 
with planting at the front of the fi eld, and two are standing 
in the distant background. (6a-b) Already in France, soybean 
varieties harvested in Austria are being planted in the 
breeding nursery, above at Lamagistere, below at St. Sylvain.
 (7a) Preparing the soil for planting in a soybean fi eld in 
Austria using a team of bullocks; behind them 3 people are 
standing in the fi eld.
 (7b) Threshing the cream of the crop of Platter gelbe 
Riesen varieties harvested in Casablanca, Morocco. (8a) A 
fi eld of Austrian soybean varieties in Marrakech (Marakesh), 
French Morocco. (8b) Storing threshed elite soybeans in a 
light rectangular wooden box (with two narrow cross-pieces 
across the top) in Casablanca. Three men on bended knees, 
looking happy, are just behind the box with their hands in the 
clean soybeans–which will later be used for seed.
 (10a) Marcel Blanchard with a breeding nursery of 
Austrian soybeans at Agen (Garonne), France. (10b) Close-
up of soybean seeds from Platt. (11a). Soybean nodules 
inoculated with Radicin. (11b). Inoculating the sterile agar 
nutrient solution with pure culture at the Radicin factory. 
The Radicin factory. (12a) Propagation / multiplication of 
the bacteria in the incubation room. A scientist in a white lab 
coat, is standing in front of fl oor-to-ceiling cubbyholes for 
inoculant in test tubes stoppered with a plugs of cotton. (12b) 
A man, standing by a planter as he inoculates the soybean 
seeds in the seed box (Säkasten).
 (13a-b) a fi eld where investigations of hormone- and 
vitamin use on soybean seeds is taking place in Braunsdorf, 
Lower Austria. (14a) The fi rst hoeing of emergent soybean 
seedlings using a hoeing machine. (14b) Trials with varieties, 
row width, and time of planting in Casablanca, Morocco. 
Two white houses (one having two stories) are visible behind 
the fi elds of soybeans. (15a) Elite plants in the soybean 
breeding nursery at Platt. (15b) Two stoppered test tubes. 
Results of inoculation trials with Radicin in Rumania. (16a). 
The soybean breeding plots at Platt, Lower Austria. (16b) A 
soybean plant heavy with the pods of a new variety, Platter 
Gelbe [Platt Yellow].
 A ¼-page ad on page 79 states: Seed breeding 
enterprise. F.A. Brillmayer. Braunsdorf, Post Roseldorf, 
Nieder Oesterreich [Lower Austria]. High quality varieties 
of the following: Soybeans, bush beans, red beetroots, 
sunfl owers, polebeans, carrots, fl at millet, Kolben millet. 
Address: Braunsdorf, Post Roseldorf, Niederoesterreich 
(Lower Austria), Austria.

1322. Brillmayer, Franz A. 1947. Geschichte der 
Einfuehrung der Soja in Deutschland [History of the 
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introduction of the soybean to Germany (Document part)]. 
In: F.A. Brillmayer. 1947. Die Kultur der Soja in Oesterreich. 
Vienna: Scholle-Verlag. 97 p. See p. 18-20. [Ger]
• Summary: Climatically, Germany is not well suited for 
growing soybeans. After World War I, the Germans imported 
ever larger amounts of soybeans from Manchuria to use for 
oil. The defatted soybean meal (Extraktionsschrot) was used 
as a high protein livestock feed. Under these circumstances 
the value of the soybean was full appreciated and cultural 
trials were started.
 One of the fi rst soybean breeders was the seed 
wholesaling fi rm of August Bitterhoff Sohn in Berlin, which 
introduced both yellow seeded soybeans for use as food and 
tall-growing types with black seeds for fodder and hay. By 
1925 the Bitterhoff catalog contained cooking instructions 
for soybeans as well as exact instructions for cultivating 
soybeans.
 Entirely in secret was the work of Prof. Dr. G. Riede, 
Director of the Institute for Crop Cultivation and Plant 
Breeding (Pfl anzenbau und Pfl anzenzüchtung) at the 
University of Bonn. After many years of efforts in secret, 
he introduced his new varieties and only after he met with 
success did he start to publish his results. His work is the 
source of the Diekmann cultivars, especially the green-
yellow types.
 Soon after the end of World War I, in about 1922, 
the agricultural experiment station at Rastatt / Baden 
got involved with soybean breeding and introduced the 
Rastaetter Black (Rastätter Schwarze). Dr. Heinz in Halle 
had better success. Various other people and institutions got 
involved, such as W. Holzweissig in Westerrade (Holstein). 
At the Kaiser Wilhelm Institute in Muenchenberg / Mark 
various researchers crossed soybeans (according to Dr. 
Rudorf).
 At about this time Dr. Lene Mueller (today Mrs. Herb-
Mueller) made several world trips to study soybeans and 
became quite famous. When she visited Brillmayer in 
1927-28, she had just returned from being shipwrecked; 
she was rescued from the sea off of Java. She worked in her 
experimental nurseries (Versuchsgärten) in Mannheim, later 
went to Russia and then to the Balkans. From her work we 
can trace the “L.M.” (Lene Müller) varieties of the Reich 
soybean breeding program in Giessen on the Lahn [river].
 For some years the Austrian soybeans Platt Yellow Giant 
were grown in Germany–as in 1932. In 1935 A. Dieckmann 
at Heimburg in Harz began soybean breeding and took over 
the breeding material of Dr. G. Riede in Bonn. He produced 
a number of good varieties.
 The organization of soybean growing in Germany was 
carried out by the Division of Soybean Culture of the Corn 
Growing Society (Maisanbaugesellschaft) in Berlin and the 
price supported through subventions from industry. In spite 
of this, the soybean area in Germany never reached more 
than 300 hectares; the yields were too low.

 Nevertheless the importance of the soybean was 
understood and it was realized that despite the low yields 
it made sense to grow soybeans when one considered how 
much valuable protein they produced per unit area. So 
in order to move forward in developing early maturing, 
good yielding varieties, the Reich’s Food Ministry 
intervened, since through the agency of the state the goal 
could be achieved faster than through private initiative. 
This is about 1935 the Reich Soybean Breeding Program 
(Reichssojazüchtung) was established and affi liated with 
the Institute for Crop Production and Plant Breeding at the 
Ludwigs University in Giessen. Prof. G. Sessous became the 
director and was later succeeded by state director of breeding 
O. Richter. The basis upon which they proceeded and built 
were the cross-bred hybrids (Kreuzungshybriden) of Mrs. Dr. 
Herb-Mueller, the so-called LM-line. The cross between two 
populations of the soybean Small Yellow Hungarian split up 
into so many varieties that the breeding nursery at Giessen 
near Bad Nauheim looked like a variegated chessboard. 
Several hundred varieties were at hand, all different. My 
variety Giessen 108 came from this cross.
 A female student of Prof. Sessous, Ms. Ing. Kläere 
Schiller, investigated many physiological problems, then 
years later “introduced” the soybean to Spain.
 “The Radicin Institute, W. Holzweissig in Westerade, 
Holstein, made excellent inoculant and studied it.
 “The present situation will surely force Germany to 
continue work on soybeans despite unfavorable climatic 
conditions; it can secure carbohydrates from potatoes, but 
lacks oil / fat and protein, which the soybean can deliver 
most effi ciently even when yields are low.
 Note: There is no mention of Germany’s massive 
imports of soybeans from the Balkans. Address: Braunsdorf–
Vienna, Austria.

1323. Norman, A.G. 1947. Inoculation [of soybeans]. 
Soybean Digest. May. p. 16-17.
• Summary: “Inoculated Soybeans*:
 “Yield 20 percent more Beans per acre.
 “Contain 9 percent more Protein in beans.
 “Produce 30 percent more Protein per acre.
 “Contain 3.5 percent less Oil in beans.
 “Produce 16 percent more Oil per acre.
 * = “Average of experiments by Iowa Agricultural Expt. 
Station.”
 “Why Should Soybeans Be Inoculated?
 “1. The soybean is a legume and as such possesses the 
property peculiar to that group, of developing root nodules 
which are packed with large numbers of bacteria. These 
bacteria, when in the nodule, have the faculty of ‘fi xing’ 
nitrogen from the air and combining it with carbon and 
hydrogen in compounds which the bacteria and the legume 
can use in building protein. The association of plant and 
bacteria is normally a mutually benefi cial one. The bacteria 
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are supplied with soluble food material by the plant, so that 
large numbers develop. The legume on the other hand is 
supplied with nitrogen. Plants other than legumes are entirely 
dependent on the supply of available soil nitrogen to meet 
their nitrogen needs for protein; legumes have in addition 
this supplementary source provided by the nodule bacteria.
 “2. The bacteria are not carried within the legume seed 
and only enter the plants and cause nodules to form if they 
are present in the soil in which the seedling is developing. 
Seed from a well-nodulated plant, if sown in the soil from 
which the nodule bacteria are absent, will not give nodulated 
plants.
 “3. The bacteria are capable of living in the soil as well 
as in the nodules of a legume, but when free in the soil do 
not have the ability of fi xing nitrogen and must compete 
for soil nitrogen and other nutrients with innumerable other 
soil organisms, many of which are more vigorous and better 
adapted to use the food supply in the soil. Though released 
into the soil in great numbers when the nodules disintegrate 
as the crop matures or is harvested, legume bacteria rapidly 
decline in numbers. They may, however, persist for years in 
the absence of a legume crop but after a time there may be 
too few to produce good nodulation on a later crop. How fast 
this happens seems to vary with soil conditions. Some fi elds 
4 years after having a bean crop have had too few bacteria 
left for good nodulation; others after 25 years have still 
contained suffi cient. In general, persistence is likely to be 
much greater in fertile productive land than in acid worn-out 
land.
 “4. All legumes are not inoculated by the same bacteria. 
There are many different kinds of legume bacteria. Those 
that form nodules in the soybean do not inoculate any other 
legume crop. Accordingly, soybean bacteria will only be 
present in the soil of any fi eld if it has previously borne a 
well-nodulated soybean crop.
 “5. Bacteriologists now recognize that there are ‘good’ 
and ‘poor’ strains of legume bacteria, or strains which are 
good or poor in their effi ciency in fi xing nitrogen in the 
widely grown soybean varieties. In greenhouse experiments 
it is possible to select those effi cient strains that will aid the 
plant the most, and to reject poor strains that would be of 
little benefi t to the plant. The important thing in inoculating 
legumes is not just to produce nodules but to produce them 
with the most effi cient strains. Producers of commercial 
legume inoculants recognize this and by fi eld and greenhouse 
tests select the best strains they can fi nd. These are then 
mixed together in the cultures they offer for sale.
 “How to Inoculate Soybeans:
 “1. The best advice that can be given as how to inoculate 
soybeans is that the instructions on the box or bottle be 
followed. Commercial inoculants are of two types. There is 
the ‘humus’ type which is made by growing the bacteria in 
a sugar solution which is then blotted up or absorbed onto 
fi nely ground peat. This is then packaged in such a way that 

moisture will not be lost. In the ‘jelly’ type the bacteria grow 
on the surface of an agar gel in a bottle.
 “2. For use, the peat or the slimy growth on the jelly 
must be suspended in a minimum of water and mixed with 
the seed before planting. The instructions should be followed 
with respect to proportions, because these are developed by 
the producers with knowledge of the numbers of organisms 
present in the cultures. Nothing will be gained by ‘over-
inoculating’. Conversely, stretching the inoculant over more 
seed than it is intended for may give poor results.
 “3. The legume bacteria will only remain viable 
in large numbers in a moist environment. The ‘humus’ 
cultures should not be opened, part used and allowed to dry 
out before the remainder is used. Inoculated seed should 
be planted within a few hours of treatment. Excessive 
precautions against drying or exposure of the inoculated seed 
are not necessary.
 “Effects of Inoculating:
 “1. Soybean plants when nodulated have a 
supplementary source of nitrogen. There is every reason to 
believe that nodulated beans use about as much soil nitrogen 
as do unnodulated beans or as a similar non-legume crop 
might do. Advertisements for legume inoculants sometimes 
state or imply that because they are nodulated, soybeans 
no longer use soil nitrogen, which is therefore ‘saved’ for a 
later crop. This has not been proved to be the case. The only 
way in which the soybean crop harvested for beans ‘adds’ 
nitrogen to the soil is to the extent that the residues contain 
more nitrogen than would the residues of a non-leguminous 
crop.
 “2. Unnodulated beans do not fail as a crop on ordinary 
Cornbelt soils. Indeed it may be diffi cult or impossible 
to determine by simple inspection whether a bean crop is 
nodulated or not. Ordinarily the leaves may be a slightly 
lighter color than those of inoculated beans, and may turn 
yellow and be shed earlier.
 “3. The supplementary source of nitrogen provided by 
the legume bacteria results in an increase in yield. Nodulated 
soybeans therefore outyield unnodulated soybeans. The 
extent of the yield increase produced depends on the amount 
of soil nitrogen available. Where this is low, as in soils of 
poor fertility, a higher percentage increase in yield will 
follow proper inoculation than in productive soils where the 
soil nitrogen supply is good. Even in the latter some yield 
differential occurs. On prairie soils in Iowa of moderate 
fertility inoculation has increased yield by 20 percent with 
a range of 10-30 percent according to fertility status. The 
amount of nitrogen fi xed under such conditions is not more 
than 20-25 lbs. per acre. Usually about three-fourths of the 
nitrogen in the plants comes from the soil.
 “4. Apart from increasing bean yield proper inoculation 
causes other differences in the plants. Because it improves 
the nitrogen supply, the protein content of nodulated 
beans is higher than those from unnodulated plants. The 
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difference averages out at 9 percent increase, which taken in 
conjunction with the average yield increase mentioned above 
amounts to production of 30 percent more protein per acre.
 “5. Beans from an unnodulated crop are lower in 
protein but higher in oil content than from a nodulated crop. 
Inoculation therefore reduces the oil content of the beans. 
The average fi gure in our experiments has been -3.5 percent. 
This reduction is, however, more than offset by the increase 
in yield so that on an acre basis the oil production has been 
increased by an average of 16 percent by inoculation.
 “6. Inoculation of soybeans on ordinary Cornbelt soil 
does not usually affect the stand as is the case with small 
seeded legumes. Instances have occurred, however, where 
survival of the young plants in the face of intense weed 
competition has been improved by inoculation.”
 Photos show: (1) The roots of a soybean plant with 
nodules on the upper roots. (2) Two farmers standing in a 
fi eld of soybean in Garvin County, Oklahoma, examining the 
nodules on the roots of an uprooted soybean plant (USDA 
photo by Ackerman). Address: Formerly with Iowa State 
College and at present performing special agronomy duties 
for the United States Army Chemical Corps.

1324. J. of the Department of Agriculture, South Australia. 
1947. Nitrogen fi xation by legumes. 50(11):542. June.
• Summary: Nodules are seldom found on growing legume 
plants “until after the fi rst true leaf has appeared, but from 
then onwards the development of nodules is very rapid 
indeed, and in normal, healthy plants it does not slacken 
until there is marked migration of plant nutrients [especially 
nitrogen] toward the forming seeds.”
 Most of the nitrogen stored in the nodules of leguminous 
plants is not liberated into the soil until the nodules die 
and start to decompose, when the nitrogen compounds are 
converted into nitrates and become available to plants.

1325. Yessel, A.J.; Black, C.A. 1947. Soil type and soil 
management factors in hemp production. Iowa Agricultural 
Experiment Station, Research Bulletin No. 352. p. 384-424. 
July. [4 ref]
• Summary: Hemp (Cannabis sativa) come into prominence 
as a strategic war crop shortly after United States’ imports 
of abaca and sisal were cut off from the Philippines and 
the Netherlands Indies. Production of hemp in the United 
States was expanded from about 3,000 acres annually during 
the period of 1939 to 1941 to 146,000 [harvested] acres in 
1943.”
 The yield of hemp differed considerably on various soil 
types and on the level of available nitrogen in the soil.
 The crops grown before hemp affected hemp yields 
by adding nitrogen to the soil with the following relative 
productions: clover or lucerne 100, soybeans 75, oats or 
maize 57, sorghum 35. Address: Iowa State College of 
Agriculture and Mechanic Arts, Ames, Iowa.

1326. Matagrin, Am. 1947. Les méthodes culturales et 
la motoculture du soja aux États-Unis (labours, semis, 
entretien, recolté) [Methods of cultivation and motorized 
cultivation of soybeans in the United States (plowing 
/ tillage, planting, crop maintenance, harvest)]. Revue 
Internationale du Soja 7(41-42):80-89. July/Aug.; 7(45-
46):132-34. Nov/Dec.; 8(47):10-14. [16 ref. Fre]
• Summary: Notice the interesting French word motoculture. 
American farming is becoming increasingly motorized, 
without horses used previously, especially with the advent of 
the tractor, combine, and automobile.
 I. Mechanical preparation of the soil for soybeans. 1. 
American methods of preparation for soybean forage or 
soybean seeds. 2. Plows and tractors or winches; equipment 
used to disk and subsoil. II. American practices and material 
for planting soybeans. 1. Seeds and planting of soybeans 
in the USA: spacing, depth, and inoculation. Elimination 
of defective seeds. 2. American seeders and distributors of 
chemical fertilizer; rolls.

1327. Kerle, W.D. 1947. La culture du soja en Nouvelle 
Galles du Sud [Soybean cultivation in the state of New 
South Wales, Australia]. Revue Internationale du Soja 7(43-
44):110-15. Sept/Oct. [Fre]
• Summary: Soybeans have been grown in New South 
Wales for 30 years. Content: Introduction. History and 
distribution. Experience in New South Wales. Conditions of 
soil and climate. Preparation of the soil. Time and method 
of planting. Fertilizer. Inoculation of the seeds. Varieties. 
Maintenance (after-culture). Crop rotation. Harvest. Storage. 
Yield. Harmful insects. Diseases. Utilization of soybeans: 
as human food (soy fl our, soymilk), industrial uses. The 
economic aspect of soybeans in New South Wales. Address: 
Instructor in Special Agriculture.

1328. Leonard, Mary Jane Kreko; Burris, R.H. 1947. A 
survey of transaminases in plants. J. of Biological Chemistry 
170(2):701-09. Oct. [12 ref]
• Summary: The transamination reaction plays a key role 
in protein metabolism. Occurrence of the aspartic-glutamic 
transaminase enzyme was investigated in the parts of 22 
plant species (including soy beans) at various stages of 
growth. Transaminase activity was demonstrated in various 
tissues from many types of plants, including soy beans. 
Activity was highest in tissues containing signifi cant 
quantities of crude protein. The transamination rate per 
unit of tissue decreased with age in the growing plant. The 
embryos of germinating seeds were tested for their ability 
to catalyze the forward and reverse glutamic-aspartic 
transamination reaction. Table 1 shows that 48 hour old 
germinating soybean seed embryos had a transamination 
period of 10 hours. One column shows the QT(N) value = 
(micromoles of amino acid transaminated) / (mg. of nitrogen 
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x hours).
 Table 4 shows the presence and distribution of aspartic-
glutamic transaminase in various soy bean tissues. The 
transamination period was also 10 hours in various soy 
bean tissues: The leaf, stem, or root at age 2 weeks, or age 
6 weeks. In 10-week-old nodules the period was reduced to 
5 hours. The oxalacetic acid formed and the transamination 
percentage are also given. Address: Dep. of Biochemistry, 
College of Agriculture, Univ. of Wisconsin, Madison, 
Wisconsin.

1329. Rodrigo, P.A. 1947. Soybean culture in the 
Philippines. Philippine J. of Agriculture 13(1):1-22 + 5 
plates. Third quarter. Summarized in Soybean Digest, May 
1948, p. 41. [14 ref. Eng]
• Summary: Contents: Introduction. Description and history. 
Climatic and soil requirements. Varieties. Propagation. 
Preparation of the soil. Fertilizers and lime. Inoculation. 
Planting. Care of the crop. Harvesting and production: 
For day, for seed. Cost of production. Uses of soybeans. 
Diseases. “In the big cities in the Islands, many of the 
soybean products like soy sauce or toyo, tokua, tajuri 
[fermented tofu], tojo [soymilk curds], miso, etc. are 
becoming more popularly used by the Filipinos, and will be 
more so as their nutritive values become more fully realized. 
Already, in some sections of the country where soybean is 
being grown, the seed is used either as a green or as a dry 
vegetable. The dried bean is roasted and is eaten offhand 
or is used in adulterating coffee, and the bean in the dough 
stage is boiled and eaten like peanut” (p. 2).
 Note 1. This is the earliest English-language document 
seen (Oct. 2011) that uses the word tajuri to refer to 
fermented tofu.
 Table 1 shows annual imports (in kg) of soybeans and 
soybean products into the Philippines from 1929 to 1940, 
including dried beans, soy sauces, soybean meal, tausi 
(fermented black soybeans, salted), paste (miso), and total. 
By far the leading import (by weight) from 1929 to 1937 was 
dried soybeans. In 1929 some 4,574,497 kg were imported. 
This fi gure rose gradually (with ups and downs) to a peak of 
5,660,575 kg in 1937, then fell sharply to only 237,666 kg in 
1940. Soybean sauces were the No. 2 import, starting with 
606,231 kg in 1929, rising to a peak of 1,441,563 kg in 1932, 
then remaining above 1,000,000 for most years thereafter. 
Imports of soybean meal started in 1935 with 660,699 kg; 
they reached a peak 1,023,303 in 1936 (the next year), then 
remained near 1,000,000 thereafter. Tausi was fi rst imported 
in 1940, the amount being 151,571 kg.
 Table 2 shows the value of these items (in pesos). In 
1940 the imports of greatest value were soy sauces (120,346 
pesos), soybean meal (50,682), and tausi (20,280).
 “In the Philippines, while the plant has been under 
cultivation since the Spanish regime [1571-1898], it has not 
gained much headway due mainly to the lack of a variety 

suitable for commercial planting, and perhaps due to want 
of interest among farmers” (p. 4-5). The Philippine Bureau 
of Plant Industry has, to date, introduced more than 200 
soybean varieties to the Philippines from the USA, China, 
Japan, Hawaii, Java, and India, but it presently recommends 
only a few varieties for commercial planting. These include 
Ami, which has long been cultivated there and is well 
adapted to the varied soil and climatic conditions.
 Based on the results of a number of years’ trials in 
different regions of the Islands, the following varieties 
have been found to be productive: Yellow Biloxi Hybrid 
(introduced from Hawaii in 1936), Mis 28 E.B. Str. 3910 
(introduced from India in 1937), Mis 33 Dixi (introduced 
from India in 1937), Head Green (introduced from the USA 
in 1935), and American Black. All of these varieties are good 
for May and June planting, and all but Yellow Biloxi Hybrid 
are good for September to December planting (dry season).
 “In the Philippines, the green but fully developed pods 
are harvested, and the seed is cooked and eaten in practically 
the same way as lima bean or patani... In Lipa, Batangas, 
soybean in the dough stage is boiled in the pod and sold and 
eaten offhand” like peanuts. The more common soy products 
made in the Philippines are soy sauce or toyo, tokua [tofu], 
tausi [fermented black soybeans], and miso. “Soybean milk 
is being manufactured by the Bureau of Plant Industry in 
a limited scale and a big modern fi rm has started putting 
soybean milk and other products in the local markets” (p. 15-
16).
 Note 2. This is the earliest English-language document 
seen (Nov. 2011) that uses the word tausi to refer to 
fermented black soybeans. Address: Chief, Horticulture 
Research Section, Bureau of Plant Industry.

1330. Thornton, Geo. D. 1947. Greenhouse studies of 
nitrogen fertilization of soybeans and lespedeza using 
isotopic nitrogen. Soil Science Society of America 
Proceedings 11:249-51. [8 ref]
• Summary: Summary: “Combined nitrogen added at the 
time of planting reduced signifi cantly the number of nodules 
per plant of soybeans and lespedeza.
 “Soybean yields were increased signifi cantly by 
additions of combined nitrogen to well-nodulated plants.
 “The amount of fi xation by inoculated soybeans 
receiving added combined nitrogen was inversely 
proportional to the amount of nitrogen added.
 “A greater proportion of the combined nitrogen added 
to soybeans at planting was recovered in the tops and roots, 
whereas a higher proportion of that added at midseason was 
found in the seed.
 “There is good evidence that some symbiotic fi xation of 
nitrogen occurs even though an adequate supply of combined 
nitrogen is available for the host plant.” Address: Research 
Fellow, Iowa State College, Ames, Iowa.
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1331. Nitragin Co. (The). 1948. For best results with 
soybeans, inoculate with Nitragin. Soybean Blue Book. 
Inside front cover.
• Summary: This full page black-and-white ad is for Nitragin 
inoculant, which is “the most widely used commercial 
inoculant in the world.” Address: 3935 N. Booth St., 
Milwaukee, Wisconsin.

1332. Arnold, H.C. 1948. Soya beans. Rhodesia Agricultural 
Journal 45(2):147-68. March/April. Bulletin No. 1217, 
reprinted.
• Summary: Notes on cultivation. Edible and manufacturing 
varieties. Strain trials. Hernon No. 18 and 107. Soil and 
rainfall conditions. The humus content of the soil seems to be 
of great importance. Fertiliser trials. Inoculation with specifi c 
bacteria. Material for inoculating the seed. Seed inoculation: 
The dry soil method, the muddy-milk method. Sowing the 
seed: Early sowing is best, how to sow, distance planting 
trials, depth of sowing, weeding, harvesting. Comparison of 
yields of soya beans with those of maize. Market prospects. 
Method of using and nutritive value. Soya beans produce 
more protein per acre than other food crops. Palatability 
trials. Green soya beans as vegetables. Fodder varieties: 
Jubiltan (black-seeded) and Hernon strains. Rate of sowing. 
Harvesting: The retention of seeds in the pods. Summary. 
Address: Manager, Agric. Exp. Station.

1333. Farm Quarterly. 1948. Soybeans and the soil: 
Soybeans can be either good or bad for the land depending 
on how they are handled in the rotation. 3(1):26-31. Spring.
• Summary: Contents: Introduction. Soybeans and the soil. 
How to fertilize. Soybeans and titlth. Good green manure. 
Soybeans and erosion. Soybeans and the rotation.
 “Most farmers no longer believe the myth that you can 
take a soybean crop out of the soil year after year and yet 
leave it richer and more productive.
 A diagram titled “What crops take from the soil” (p. 
29) shows how much nitrogen, phosphorus, potassium, and 
calcium a typical crop of corn, soybeans, alfalfa, red clover, 
wheat, and oats each take from an acre of land. A crop of 
soybeans, yielding 20 bushels per acre, adds nitrogen to 
the soil (but the amount depends on how the soybeans are 
harvested); but it takes from the soil 8 lb. of phosphorus, 25 
lb. of potassium, and 2.6 lb. of calcium. Soybeans add more 
to the soil and take less than any other crop in the diagram. 
Looking only at the nitrogen added: If the soybeans are 
hauled from the fi eld as hay, all the nitrogen goes with them. 
If the soybean plants are cut for hay and the manure returned 
to the soil, they add 26 pounds of nitrogen. Of the soybeans 
are combined and the straw is spread evenly over the ground, 
small amounts of nitrogen are left for the next crop. But if 
none of the plant or straw is returned, 30 lb. of nitrogen per 
acre are taken from the fi eld.
 Large photos show: (1) A load of soybeans, worth $700, 

fi lling the back of a truck with wooden side panels. (2) A 
farmer plowing a fi eld of soybeans, but not cooperating with 
nature by plowing up and down the slopes instead of on the 
contour, thus inviting erosion. (3) A badly eroded fi eld of 
soybeans. (4) A combine pulled by a tractor; it is expensive, 
but it helps keep soybean land fertile by adding straw mulch 
to the surface. (5) The roots of a soybean plant bearing 
nodules. (6) A farmer in a tractor plowing under a mixture of 
soybeans and Sudan grass.

1334. Dimmock, F. 1948. Soybeans. Canada. Department of 
Agriculture, Farmers’ Bulletin No. 149. p. 1-19. June. Also 
called Canada. Dept. of Agriculture, Publication No. 807 
(Actually 808). Revision of Farmers’ Bulletin No. 80 (1939). 
Summarized in Soybean Digest, Nov. 1948, p. 38.
• Summary: Contents: Introduction. Description of the 
soybean plant. Soil and climatic adaptation. Uses of soybean 
seed: Soybean oil, soybean meal, soybean fl our. Uses of the 
soybean for forage and soil improvement. Varieties (incl. 
maturity and seed color; see best varieties below): Yield, 
varietal adaptation, protein, oil, and iodine number, size 
of seed (weight in grams of 1,000 seeds for 11 varieties), 
color of seed. Culture: Soil preparation, lime and fertilizers, 
inoculation of the seed, time of seeding, method of seeding, 
rate of seeding, depth of seeding, cultivation, harvesting, 
threshing. Storage of the seed.
 Until 1940 the area devoted to soybeans in Canada 
“did not exceed 20,000 acres annually, but since then it has 
increased steadily until it averages 50,000 to 60,000 acres 
with every indication of still further increase. Nearly all of 
the present soybean acreage is in Ontario. Small patches 
are being grown in Quebec, Manitoba, Alberta, and British 
Columbia and investigations are under way in practically 
every province to determine the possibilities for soybean 
production.”
 A map (p. 13) shows that Ontario is divided into 5 
climatic zones for soybeans, with each zone having earlier 
and later areas. The varieties best suited for each zone and 
area are given. Proceeding roughly from north to south, 
they are: Pagoda (Maturity: very early. Seed color: yellow. 
Weight in gm per 1,000 seeds: 175), Kabott (early, yellow, 
235), Flambeau (early, yellow with black hilum, 185), 
Goldsoy (yellow, 225), Capital (yellow with buff hilum, 
162), Mandarin (Ottawa, yellow, 218), Earlyana (yellow with 
pale hilum, 181), Richland (yellow with dil. black hilum, 
188), Harman (yellow with black hilum, 185), A.K. (Harrow, 
yellow with buff hilum, 165), and Lincoln (yellow with black 
hilum, 175).
 Tables show: (4) Average maturity period, source, 
and origin of the 11 soybean varieties listed above. Note 
on sources: C.E.F. = Central Experimental Farm. D.E.F. = 
Dominion Experimental Farm. O.A.C. = Ontario Agricultural 
College. A.E.S. = Agricultural Experiment Station (USA). 
Address: Div. of Forage Plants, Experimental Farm Service, 
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Ottawa, ONT, Canada.

1335. Soybean Digest. 1948. Nitragin Co. celebrates 50th 
anniversary. June. p. 29.
• Summary: The company, located in Milwaukee, 
Wisconsin, now produces legume inoculants suffi cient for 
millions of acres. “Franklin J. Matchette, founder and fi rst 
president of the Nitragin Co., developed and patented an 
improved process for production of laboratory cultures. 
‘Nitragin’ was fi rst distributed to farmers in bottles 
containing enough inoculation for 1 acre. The bacteria were 
grown on the surface of a jelly-like medium and when ready 
for use by the farmer were washed off and mixed with the 
seeds.” Later Matchette developed and patented a process for 
growing legume bacteria in a liquid medium under aeration. 
Nitragin comes in the familiar yellow can, sold on seed 
counters throughout the country. L.D. Matchette, present 
head of the Nitragin Co., has been head of the business since 
1922. His sons, Jack, Dick, and Jim, are actively involved in 
the business.

1336. Lagos U., José Angel. 1948. Cultivo de la soya 
[Cultivation of the soybean]. Revista de Agricultura (Costa 
Rica) 20(9):365-67. Sept. [Spa]
• Summary: Contents: Introduction. Botanical 
characteristics. Climate. Soil. Planting. Cultivation. Rotation. 
Fertilizers (including importance of root nodules with 
nitrogen fi xing bacteria, and use as green manure {abono 
verde}). Harvest. Utilization. Hay (and silage).
 The soybean is known by various names: Soya or soja, 
frijol chino (Chinese bean), frijol japonés (Japanese bean), 
and haba de Manchuria (Manchurian bean).
 Utilization: It has many uses. Its oil has practical 
application in manufacturing industries. The seeds or beans 
are used for human food. It can be used to make delicious 
dishes, salads, etc.
 Note 1. No mention is made of soybean cultivation in 
Costa Rica.
 Note 2. This is the earliest Spanish-language document 
seen (March 2012) that gives the name of the soybean as 
frijol chino or frijol japonés or haba de Manchuria. Address: 
Nicoya [Costa Rica].

1337. Fairchild, David. 1948. Congratulations. Soybean 
Digest. Oct. p. 7-8.
• Summary: Telegram: “To Geo. M. Strayer, Secretary of the 
American Soybean Association:
 “I am grateful that Father Time has let me live half a 
century after Waite and I fi rst grew soybeans in Maryland 
in Japanese-inoculated soil. I take off my hat to the 
soybean pioneers of America. No such miracle of new crop 
introduction has ever been done before in any country in 
the world. Your forceful methods constitute a revolution in 
agriculture. Congratulations.”

 Editor’s note: Mr. Fairchild is one of the real soybean 
pioneers, as he was importing them for the USDA over 50 
years ago. Address: Coconut Grove, Florida.

1338. Fairchild, David. 1948. Early experiences with the 
soybean. Soybean Digest. Nov. p. 14-15. [2 ref]
• Summary: “It was not until 1897 that I fi rst saw soybeans 
growing... I found my friend Merton B. Waite had been 
trying to grow soybeans on his farm outside Washington 
[DC, in Maryland; see Fairchild, Oct. 1948], but with little 
success. They had been sent in by some American consul 
or missionary, I believe. At about the same time Dr. George 
T. Moore [who by 1903 was Physiologist in Charge of the 
Lab. of Plant Physiology, Bureau of Plant Industry, USDA, 
working on soybean root bacteria] in working on the root 
nodules of leguminous plants had discovered that the nodules 
contained bacteria. Waite and I talked over the matter of the 
failure of his soybeans and wondered if they might require 
special bacteria, so I wrote out to Japan and imported several 
pounds of soil from a soybean fi eld.
 “We made a little experiment, planting alternate rows of 
soybeans with and without the addition of this Tokyo soil. 
The effect of the imported soil was immediately apparent as 
the plants grown in it made a far better growth and had their 
roots covered with bacterial nodules, whereas the control 
were practically without any.
 “Photographs had yet to come into any general use as 
records of agricultural experiments, but Waite had taken up 
photography as a hobby and made excellent photographs 
with his stand camera. So at harvest time he pulled up an 
equal number of soybean plants from the soil-treated rows 
and from the controls, and the only photographic record 
in existence of this little experiment (the fi rst of its kind, I 
suppose, in the world) is this negative taken by Waite in the 
autumn of 1897.
 “Although these experiments did not at the time lead 
to more extensive trials, they indicate the awakening of our 
interest in soybeans.
 “In that fall of 1897 it was my privilege to organize the 
offi ce of plant introduction in the Department of Agriculture. 
We began introducing a great number of different kinds of 
plants, among them, as I see from our inventories printed 
at the time, occasional small collections of soybeans from 
China and Japan. They were obtained mostly through 
correspondence with missionaries and consuls stationed 
there.
 “At that time the Department had no testing ground near 
Washington where we could grow miscellaneous vegetables, 
including these soybean collections. It was not until several 
years had passed that facilities were provided on the so-
called ‘Potomac Flats’ [in Washington, DC] and James H. 
Beattie, an enthusiastic young horticulturist, took over the 
planting of our introduced seeds.
 “The soybeans did well and Beattie soon had on his 
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hands a quantity of seeds. But we didn’t know just what to 
do with these strange beans. When cooked in the way other 
beans were prepared they had a strange fl avor that nobody 
seemed to like...
 “It was not, I think, until the offi ce of forage crop 
investigations was organized and C.V. Piper took charge 
that the soybean as a forage crop attracted attention and 
Beattie’s experiments came to be looked upon as important. 
We planted larger patches of soybeans on a tract of land near 
Bethesda, MD...
 “And then we ran into the diffi culty of harvesting 
the soybeans. P.H. Dorsett of the offi ce, one of the most 
ingenious and most indefatigable workers I have ever 
known, and his friend Rankin, who was running the little 
experimental farm, put their heads together and adapted 
a bean picker then in use–in California I think–and 
discovered that it was perfectly possible to harvest soybeans 
mechanically...
 “I went out exploring again and my travels with Mr. 
Lathrop this time took me into the soybean fi elds of Japan. 
The tremendous importance of the crop as I saw it there 
made a great impression on me. Also the almost universal 
use of soy sauce, which Americans were just beginning to 
appreciate, fi xed my interest...
 “Dr. Yamei Kin, an extraordinary Chinese woman whose 
acquaintance I had made on the boat returning from Japan 
[in Aug. 1902], made a visit to Washington and captivated 
us all by her enthusiasm over soybeans. She introduced us to 
‘tofu,’ a delicate cheese which has not even yet attracted the 
attention it deserves from the American public.
 “In 1903 A.J. Pieters came to me one day and told me 
of an amazing young Hollander who had been a gardener 
of the great geneticist, Hugo de Vries. He was then on his 
way back from a trip on foot to Mexico, and I wired him to 
come to Washington. For 13 years, as agricultural explorer of 
our offi ce, Frank N. Meyer tramped from village to village 
over much of China. He gathered soybeans whenever he 
saw them, for he felt it was important to secure all the local 
varieties he could for our plant breeders before they should 
have disappeared as the result of the spread of standard 
varieties he thought was bound to come.
 “The importance of getting as many as possible of these 
local varieties and these, or selections from them, form, I 
believe, the basis of the very extensive soybean breeding that 
has been done by the various plant breeders of America.”
 Note: According to Vivian Wiser of the USDA and to 
the Washington D.C. Historical Society (13 Feb. 1991; phone 
301-785-2068, Mrs. Offut), in 1897 Merton Waite lived in 
downtown Washington, D.C. in a built-up area. There is no 
record of his owning a farm outside Washington D.C., but 
he may have owned the farm as a sort of summer home or 
he may possibly have worked with the group at the USDA 
farm at Somerset, Montgomery County, Maryland. He was 
a plant pathologist and physiologist, in charge of diseases of 

orchard fruit trees, especially pears and peaches. There is a 
collection of David Fairchild’s materials at Coconut Grove. 
His personal residence, The Kampong near Coconut Grove, 
is still (as of 1998) well preserved and open to the public. 
Address: “The Kampong,” Coconut Grove, Florida.

1339. Kalo Inoculant Co. 1948. Kalo–Inoculation for 
soybeans (Ad). Soybean Digest. Nov. p. 49.
• Summary: This one-eighth page ad states: “Made from 
only strains of bacteria proven to fi x more nitrogen. Also 
patented Uniculture for clovers and alfalfa. 3 cultures in one 
can.”
 Note: This ad also appeared in the Sept. 1949 issue (p. 
128) of this magazine. Address: Quincy, Illinois.

1340. Strand, Edwin Gustaff. 1948. Soybeans in American 
farming. USDA Technical Bulletin No. 966. 66 p. Nov. [50 
ref]
• Summary: An excellent overview. Contents: Introduction. 
Rise of soybean production: Early developments, recent 
trends, geographic pattern. Factors affecting trends: Prices 
and market outlets, adaptation to climate and soils, variety 
improvement, intercrop competition (competition between 
corn, oats, wheat, barley, tame hay, and soybeans for beans), 
yield per acre, mechanization, relative costs and returns. 
Estimates of future supply: Alternative price relationships, 
balancing permanent cropping systems, relative trends in 
production costs, supply estimates. Long-time demand 
and market outlook: Market outlets for fats and oils, 
role of technology, market outlets for high protein feeds. 
Comparison of prospective supply and demand. Summary. 
Basic statistical tables. Literature cited.
 Figures: (1) Graph of soybean acreage–total for all 
purposes: Harvested for beans, harvested for hay, and 
grazed or plowed under, United States, 1924-47. (3) Map 
of soybeans harvested for beans in the USA, acreage, 1944. 
90% of soybean acreage is in the North Central region.
 (4) Map of farms reporting soybeans harvested for 
beans, as a percentage of all farms, United States, 1944. The 
heaviest concentration of farms growing soybeans is in the 
North Central region. (5) Map of soybeans harvested for 
beans, as a percentage of all land used for crops, 1946 (by 
county). Soybeans for beans occupied 20% or more of the 
cropland in 52 counties in 1946. (6) Graph of prices received 
by farmers for soybeans, corn, and oats, United States, 
season average, 1924-47. Soybeans received the highest 
prices followed by corn then oats.
 (7) Graph of acreage of soybeans for beans and other 
specifi ed crops harvested in Indiana, Illinois, and Iowa, 
1924-47. Soybeans take up a small percentage of the total 
acreage. (8) Graph of trends in yield per acre of soybeans for 
beans, corn, oats, and winter wheat, in fi ve Corn Belt States 
(Illinois, Iowa, Indiana, Ohio, Missouri), 1925-47. 5-year 
moving average (1925-29 = 100). Yields of soybeans have 
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increased the most (in 1940 they were 50% above 1929), 
followed by corn, winter wheat, oats. “The principal factors 
infl uencing the upward trend in yield of soybeans appear to 
have been improvement of varieties and mechanization of 
harvesting operations [which has reduced harvesting losses]. 
Additional factors were experience with the crop, better 
management of soils, more timely operations,... and other 
phases of mechanization... plus increased use of inoculation, 
row planting, and improved cropping systems” (p. 27-28).
 (9) Map of soybeans: Yield per acre, 3-year average, 
1942-44. Areas of highest yields of soybeans for beans 
coincide closely with the areas of heaviest concentration of 
soybean acreage. There are some exceptions: Illinois is north 
west of the area of heaviest acreage concentration, Iowa is 
the highest yielding area southeast of the most concentrated 
acreage. (10) Graphs of production of vegetable oils (crude 
basis) and oilseed meals (including cake) from soybeans and 
other oil crops, domestic materials only, United States, 1924-
46.
 Tables: (1) Acreage of soybeans planted for all purposes, 
United States, and selected groups of States, averages 1925-
29, 1930-34, and 1935-39, and each year from 1940 to 1947. 
The groups of states are: Corn Belt, Lake States (Minnesota, 
Wisconsin Michigan), Plains States (Kansas, Nebraska, 
South Dakota, North Dakota), Delta States (Arkansas, 
Mississippi, Louisiana), Atlantic States (North Carolina, 
Virginia, Maryland, Delaware), All other states. (2) Acreage 
of soybeans harvested for beans, United States and selected 
groups of States, averages 1925-29, 1930-34, and 1935-39, 
and each year from 1940 to 1947.
 (3) Plant-food elements added or removed by selected 
crops. Soybeans grown for beans add 16 pounds of nitrogen 
per 20 bushels harvested. The elements removed are nitrogen 
(N), phosphorus (P), potassium (K), calcium (Ca) and 
magnesium (Mg). (4) Average yields of corn, soybeans, oats, 
and wheat in the fi rst year after soybeans and other specifi ed 
crops, Indiana experiments, 19 years, 1922-1940.
 (5) Yields per acre of corn following corn and following 
soybeans, Iowa experiments, 1942. (6) Percentages of total 
cropland from which specifi ed crops were harvested, and 
percentages in pasture and in other uses, fi ve Corn Belt 
States, 1947.
 (7) Corn-soybean yield rations in fi ve Corn Belt States, 
averages 1925-29, 1935-39, 1942-46. (8) Soybeans, corn, 
oats, and winter wheat: Average net returns per acre on 
farms keeping farm-account records in Champaign and Piatt 
Counties, Illinois, specifi ed years, 1937-1946. (9) Average 
value per acre for soybeans, corn, and oats, Illinois, 1925-29, 
1930-34, 1935-39, and annual 1940-47 and index numbers 
(1935-39 = 100).
 (10) Labor and power inputs per acre for soybeans on 
farms keeping cost records in Champaign and Piatt Counties, 
Illinois, averages 1924-26, 1937-39, and 1944-46. (11) 
Acreage, yield, and production of soybeans harvested for 

beans, Illinois and Iowa, averages 1935-39, 1942-45, and 
estimated 1955 at alternative price ratios. (12) Acreage of 
soybeans harvested for beans, United States and specifi ed 
groups of States, averages, 1935-39, 1942-45, and estimated 
1955 at alternative price ratios.
 (13) Acreage, yield, and production of soybeans 
harvested for beans, United States, averages 1935-39, 1942-
45, annual 1946-47, and estimated, 1955, at alternative price 
ratios. (14) Fats and oils produced from domestic materials, 
and net trade, United States, average 1935-39 and annual 
1943-46. (15) High-protein feeds produced from domestic 
materials, and net trade, United States, average 1935-39, 
annual 1943-46.
 (16) Acreage, yield, and production of soybeans in the 
United States, 1924-47. (17) Percentage that the acreage of 
soybeans harvested for beans is of the acreage planted for 
all purposes, United States and selected groups of States, 
averages 1925-29, 1930-34, and 1935-39, and each year from 
1940 to 1947. (18) Supply and utilization of soybeans in the 
United States, 1924-1947. Supply: Total stocks, production 
(bushels), imports, total supply. Utilization: Seed, feed, 
processed for oil and meal, exports, other uses, carryover.
 (19) Utilization of soybean oil by classes of products, 
United States, 1931-17. Food products: Margarine, 
shortening, other (mainly in salad and cooking oils, 
mayonnaise, and salad dressings, and direct use in homes, 
bakeries, restaurants, and institutions), total. Nonfood 
products: Soap, paint and varnish, other drying oil products, 
miscellaneous nonfood products, loss including oil in foots, 
total, total domestic disappearance.
 (20) Supply and utilization of soybean-oil meal and 
cake, United States, 1924-46. Supply: Domestic production, 
imports, total supply. Utilization: Feed, food, industrial 
and other, exports. (21) Average yield per acre of soybeans 
harvested for beans, United States and specifi ed groups of 
States, averages 1935-39, 1942-45, and estimated 1955 at 
alternative price ratios. Note: The highest yields were in the 
Corn Belt; 19.2 bu/acre in 1935-39 and 19.6 bu/acre in 1942-
45.
 (22) Production of soybeans in the United States and 
specifi ed groups of States, averages 1935-39, 1942-45, 
and estimated 1955 at alternative price ratios. (23) Seasons 
average prices of soybeans, soybean-oil meal, and other 
specifi ed vegetable oils and oil meals in the United States, 
1924-46 (incl. peanut, cottonseed, and linseed oils). Address: 
Agricultural Economist, Bureau of Agricultural Economics, 
USDA.

1341. Erdman, Lewis W. 1948. Legume inoculation: What it 
is. What it does. Farmers’ Bulletin (USDA) No. 2003. 20 p. 
Dec.
• Summary: Contents: Legume inoculation, an important 
discovery. The legumes. Nitrogen and root nodules. 
Nitrogen fi xation by legumes. The legume bacteria. Strain 
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variation among legume bacteria. Necessity 
for inoculation. Conditions that affect legume 
bacteria. Preparation and use of commercial 
cultures. Inspection of legume inoculants. 
Research with legume bacteria. Economic 
importance of legume inoculation.
 “Leguminous plants–used for hay, seed. 
or cover crops or pasture–are valuable in 
increasing crop production and in improving 
soil quality.”
 “Inspection of legume inoculants: To 
protect farmers from buying worthless 
cultures, certain control agencies have been 
set up. In 1916 the United States Department 
of Agriculture began testing commercial 
legume inoculants in accordance with an act 
of Congress providing for soil microbiological 
investigations. Cultures have been procured 
each year in the open market and tested on the 
legume plants for which prepared. From time to 
time results of these tests have been published 
along with the names of the manufacturers or 
distributors. This testing work is still carried 
on by the Department, although to a more 
limited extent than in the past. The testing 
process consists of inoculating seed according 
to directions on the container and planting them 
in sterile sand moistened with a sterile nutrient 
solution. Great care is taken to prevent entry 
of nodule bacteria and the transfer of bacteria 
from one seed pot to another. A culture is 
considered unsatisfactory if under these conditions it fails to 
produce nodules, to increase plant growth, or to produce a 
plant that is darker green than uninoculated controls.
 “In addition to testing commercial legume inoculants 
over this period, the Department has kept in close touch with 
inoculant producers. Its representatives have visited the more 
important laboratories and offered to help the manufacturers 
in production problems and thus assure better cultures for 
the farmer. A few of the States also have control agencies 
to protect their farmers from unscrupulous producers and 
dealers. All these agencies have had a decidedly benefi cial 
effect in bringing about improvements and raising the 
standard and quality of inoculants.” (p. 17-18).
 Tables show: (1) Protein content of legume and 
nonlegume hays. The average protein content of legume 
hays is 304 pounds of protein per ton (range: 390 to 235 
lbs), whereas for nonlegume hays the average is 156 pounds 
(range: 200 to 125 lbs).
 (2) Average fi xation of nitrogen per acre by legumes. 
Ranges from 132 lbs for canning peas to a low of 63 pounds 
for soybeans. (3) Cross-inoculation groups: For each group 
gives the common name and the scientifi c name of each 
member species. Alfalfa group (15 species). Clover group 

(23 species). Soybean group (1 species). Pea and vetch group 
(14 species). Cowpea group (30 species). Bean group (2 
species). Lupine group (8 species). Specifi c strain group (11 
species). 
 A photo (p. 5) shows a well-nodulated soybean 
root system. Address: Bacteriologist, Div. of Soil 
Management and Irrigation, Bureau of Plant Industry, 
Soils and Agricultural Engineering, Agricultural Research 
Administration [USDA].

1342. Silva, José Gomes da. 1948. Estudos sôbre a 
inoculaçao da soja [Studies on the inoculation of soybeans]. 
Revista de Agricultura (Piracicaba, Brazil) 23(11-12):365-
78. Nov/Dec. [10 ref. Por; eng]
• Summary: Pilot tests of soybean seed inoculation with 
Rhizobium were conducted at 4 locations in the state of Sao 
Paulo in 1947-48. In the sandy soil of Pindorama, and the 
“terra roxa” of Riberao Preto there was a signifi cant increase 
in seed production, number of nodules per plant, weight of 
1,000 seeds, yield, and protein content, with a diminution in 
defective seeds and oil content. “Urbana Humus Inoculator” 
was found to be superior to agar cultures of native strains. 
No signifi cant results were found in an experiment conducted 
in a soil of the ‘massapé’ type in Mococa and in a mixed type 
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of acid soil in Campinas. Address: Assistente da Seccao de 
Cereais e Leguminosas do Instituto Agronomico do Estado 
de Sao Paulo.

1343. Castelli, T. 1948. Soia e batteri simbionti [Soybeans 
and symbiotic bacteria]. Ricerca Scientifi co No. 1-2. 107-12. 
[11 ref. Ita]*
• Summary: Discusses the possibility of a culture that is 
useful for Italy.

1344. Hedlin, R.A.; Newton, J.D. 1948. Some factors 
infl uencing the growth and survival of rhizobia in humus and 
soil cultures. Canadian J. of Research 26:174-87. *

1345. Thornton, Geo. D. 1948. Greenhouse studies of 
nitrogen fertilization of soybeans and lespedeza using 
isotopic nitrogen. Soils and Fertilizers Abstracts 11:130. 
[Geo]*

1346. Baldoni, Remigio. 1948. Prove sperimentali sulla 
coltivazione della soia [Trials on soybean cultivation]. Annali 
della Sperimentazione Agraria (Rome) 2(5):603-42. [32 ref. 
Ita; eng]
• Summary: The Institute of Agronomy at the University of 
Bologna has conducted soybean trials for several years in 
different regions of Italy. Tests were conducted on varieties, 
plant density, planting time, use of phosphate manure, 
inoculation with bacteria, intercropping, and catch cropping 
for forage. The author believes that, in the regions examined, 
nothing is to be gained from expanding soybean cultivation 
since it would take the place of corn (during spring and 
summer), and corn is a more productive crop–especially 
where other leguminous plants are largely grown in rotation. 
A small extension of soybean cultivation is foreseen only 
on sub-acid soil, where it is diffi cult to grow other legumes. 
As a summer forage crop, on irrigated land, the soybean can 
be substituted for maize and sorghum. Address: Istituto di 
Agronomia generale e Coltivazioni erbacee dell’Università 
Bologna.

1347. Hutcheson, Thomas Barksdale; 
Wolfe, Thomas Kennerly; Kipps, Michael 
Smith. 1948. The production of fi eld 
crops: A textbook of agronomy. 3rd ed. 
New York, NY: McGraw-Hill Book Co. 
xv + 430 p. Illust. Maps. Index. 24 cm. [8 
soy ref]
• Summary: The chapter on “Harvesting 
and storage of grain crops” as two 
sections (p. 124, 131) on soybeans; 
the second concerns shrinkage during 
storage.
 The chapter on “Haymaking” has a 
section on legumes which states (p. 137): 

“Soybeans may be cut for hay over a period of several weeks 
with good results. Other things being equal, soybeans are 
best harvested when the seeds are well formed and before the 
lower leaves turn yellow.”
 Chapter 25, titled “Soybeans (Soja max)” has the 
following contents (p. 253-62): Introduction. World 
production. Production in the United States. Historical. 
Varieties and their distribution. Classifi cation of varieties 
(based on Morse and Cartter 1939) based on earliness of 
maturity and four uses of the seed. Composition. Botanical. 
Uses: Food, oil, hay, silage. Culture: Seeds, time of seeding, 
rate of seeding, depth of seeding, inoculation, fertilization 
(with phosphorus and potassium), methods of seeding. 
Cultivation. Time of cutting for hay. Curing soybean hay. 
Time of cutting for seed (The best varieties yield from 25-
40 bu/acre). “Maximum yields of 50 or more bushels to the 
acre have been reported from North Carolina and Tennessee 
(Morse 1929). Methods of harvesting seed. Topics for 
discussion.
 Facing the title page is a full-page map (from the 
USDA Yearbook, 1943-47) showing “Agricultural research 
in the United States.” It shows: (1) Headquarters of State 
Agricultural Experiment Stations. (2) Regional laboratories. 
(3) Bankhead-Jones laboratories. (4) Other research centers. 
 Another large map (p. 253), based on fi gures from 
the Bureau of the Census shows soybean acreage in the 
United States in 1939. Most of the acreage is concentrated 
in the Corn Belt states and along the Mississippi River into 
southern Louisiana. A secondary center is in eastern North 
Carolina. Practically no soybeans are grown west of 97 
degrees longitude.
 Thomas K. Wolfe was born in 1892. Address: 1. Dean 
of the School of Agriculture, Formerly Agronomy Dep. 
Head, Virginia Polytechnic Inst.; 2. Director of Distribution, 
Southern States Cooperative, Formerly Prof. of Agronomy, 
Virginia Polytechnic Inst. and Agronomist, Virginia 
Agric. Exp. Station; 3. Assoc. Prof. of Agronomy, Virginia 
Polytechnic Inst. All: Blacksburg, Virginia.
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1348. Schaede, Reinhold. 1948. Die pfl anzlichen Symbiosen. 
2. neubearb. Aufl . [Symbiotic relationships in plants. 2nd 
ed.]. Jena, Germany: Verlag G. Fischer. viii + 187 p. [Ger]*
• Summary: Schaede was born in 1887.

1349. Funk, Gene, Jr. 1949. The fi rst [soybean] processors 
(Letter to the editor). Soybean Digest. June. p. 42.
• Summary: Written to set the historical record straight, this 
letter begins by noting that Gus Staley was not the fi rst man 
to promote and process the soybean in the United States (see 
Soybean Digest, March 1949, p. 62).
 “The early processing of soybeans in 1911 by Herman 
Meyer, a small crusher in Seattle, and later in 1915 by the 
Elizabeth City Oil and Fertilizer Co. at Elizabeth City, North 
Carolina, and again the Havens Oil Co. at Washington, N.C. 
in 1916, all should be recognized as the fi rst in the fi eld to 
really crush soybeans and press the oil out, in a small way.”
 After that came I.C. Bradley, who is the oldest 
continuous processor of soybeans in the United States. 
In 1924 Funk Brothers Seed Co. purchased Bradley’s 
equipment and “brought it here to Bloomington, along with 
I.C. Bradley, wherein we continued to put forth effort to get 
beans grown for processing purposes. These early years were 
trying ones for at no time could we secure enough beans to 
process throughout the entire year” and feed manufacturers 
did not want to use soybean oil meal in their formulas unless 
they were able to secure it the year round.
 The A.E. Staley Co. started in 1922 and they too had 
some of the same problems which Funk encountered.
 “One of the most outstanding men in the soybean history 
and one who could truly be called the Father of the USA 
Soybean, is none other than Bill Morse of the USDA. He 
was one of the fi rst to see the possibilities of soybeans as 
a crop and has taught and preached the value of them ever 
since he graduated from college [in 1907].
 “Another gentleman whom we also should recognize 
as a father of the soybean crop is Prof. W.L. Burlison at the 
University of Illinois...”
 And “we cannot leave out Ed Dies as one who has 
been a true general in guiding the processors through their 
many problems... during the National Soybean Processors 
Association growing period.”
 Eugene Funk Sr. “spent a lot of his time in trying to 
promote and guide the soybean crop throughout its early 
stages. We [Funk Brothers] have records of selling soybean 
seed as early as 1903. This of course was for planting beans 
in corn only on a small scale. We promoted the use of 
inoculation of soybeans using dirt from soybean fi elds...” 
Address: Funk Bros. Seed Co., Bloomington, Illinois.

1350. Morse, W.J.; Cartter, J.L.; Williams, L.F. 1949. 
Soybeans: Culture and varieties. Farmers’ Bulletin (USDA) 
No. 1520 (Revised ed.). 38 p. Aug. Revision of 1927 and 

1939 editions.
• Summary: Contents: History. Description. Distribution and 
production. Climatic adaptations. Varieties. Description of 
varieties. Improved varieties. Soil preferences. Soil erosion. 
Preparation of seedbed. Fertilizers and lime. Inoculation. 
Time of seeding. Methods of seeding. Rate of seeding. Depth 
of seeding. Cultivation. Soybeans in rotations. Soybeans 
in mixtures: Soybeans and corn, cowpeas, Sudan grass, 
millet, sorghum. Insect enemies of soybeans: Grasshoppers, 
velvetbean caterpillar, leafhoppers, blister beetles, bean 
beetles, Japanese beetles, other beetle enemies, army 
worms and other caterpillars, chinch bugs. Diseases of the 
soybeans. Other enemies of soy beans (rabbits, pigeons, deer, 
woodchucks).
 The section on “History,” states (p. 2): “Since 1890 most 
of our agricultural experiment stations have experimented 
with soybeans, and many bulletins treating of various phases 
of the crop have been published. In 1898, the United States 
Department of Agriculture began the introduction of a large 
number of soybeans from Asiatic countries. Since that time 
the acreage of soybeans has increased nearly three-hundred-
fold–from less than 50,000 acres in 1907 to 12,427,000 
acres in 1946. Increase of acreage and production has been 
closely correlated with the introduction of varieties and 
their improvement through selection. Remarkable progress 
has been made in the last few years in developing food and 
industrial uses.”
 The section on “Varieties” (p. 5-7) states: “Soybean 
varieties have been classifi ed as early or late, depending on 
when they ripen under the latitude and climatic conditions 
at the location where they are grown. Another means of 
expressing maturity that is coming into general use among 
plant breeders is a classifi cation according to the relative 
maturity groups. The varieties being grown in the United 
States have been divided into nine maturity groups (0 
through VIII), group 0 and I being adapted to the northern 
part of the country. The succeeding groups are adapted 
further south, group VIII being grown in the Gulf-coast 
region. A map of the United States (fi g. 3) shows the 
areas “where varieties in each of the soybean maturity 
classifi cation groups are adapted as a full-season crop.
 A full-page chart (p. 7) shows the varieties in each of 
the 9 maturity groups. Within most groups, the varieties 
are divided into commercial, forage, and vegetable, and the 
vegetable group is further divided into “green bean” and 
“mature bean.” Group 0: Commercial–Capital, Flambeau, 
Goldsoy, Kabott, Minsoy, Montreal Manchu, Norsoy, 
Pagoda, Pridesoy. Green vegetable–Agate, Sac, Sioux. 
Group I: Commercial–Blackhawk, Cayuga, Habaro, Manchu 
3, Manchu 606, Manchukota, Mandarin, Mandarin (Ottawa), 
Mandarin 507, Monroe, Ontario, Wisconsin Black. Forage–
Cayuga, Wisconsin Black. Green vegetable–Green Giant, 
Hidatsa.
 Group II: Commercial–Bavender Special, Earlyana, 
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Granger, Harman, Hawkeye, Mandell, Mingo, Mukden, 
Richland, Seneca. Vegetable: Green bean–Bansei, Etum, 
Hakote, Jogun, Kanro, Kanum, Mendota, Sato, Sousei. 
Vegetable: Mature bean–Bansei, Etum, Jogun, Kanro, 
Kanum, Mendota, Sousei. Group III: Commercial–Adams, 
Chief, Dunfi eld, Illini, Lincoln, Manchu, Pennsoy, Scioto, 
Viking. Vegetable: Green bean–Chusei, Hokkaido, Kura, 
Tastee, Willomi, Wolverine. Vegetable: Mature bean–Chusei, 
Hokkaido, Willomi, Wolverine.
 Group IV: Commercial–Boone, Gibson, Hongkong, 
Macoupin, Mansoy, Midwest, Morse, Mount Carmel, Patoka, 
Wabash. Forage–Ebony, Kingwa, Norredo, Peking, Virginia, 
Wilson. Vegetable: Green bean–Aoda, Chame, Emperor, 
Funk Delicious, Imperial. Vegetable: Mature bean–Emperor, 
Funk Delicious, Imperial.
 Group V: Commercial–Haberlandt, Herman, 
Hollybrook, S100. Vegetable: Green bean–Easycook, Hahto, 
Higan. Vegetable: Mature bean–Easycook, Higan.
 Group VI: Commercial–Arkan, Arksoy, Arksoy 2913, 
Armredo, Delsoy, Dortchsoy 2, Magnolia, Mamredo, Ogden, 
Ralsoy, Rose Non Pop. Forage–Laredo. Vegetable: Green 
bean–Rokusun, Delsoy. Vegetable: Mature bean–Rokusun, 
Delsoy.
 Group VII: Commercial–Charlee, Clemson, C.N.S. 
(Clemson Nonshattering), Georgian, Hayseed, Mammoth 
Brown, Mammoth Yellow, Missoy, Monetta, Palmetto, 
Roanoke, Tennessee Non Pop, Tokyo, Volstate, Woods 
Yellow, Yelredo.
 Group VIII: Commercial–Acadian, Arisoy, Creole, 
Delsta, LZ, Mamloxi, Mamotan, Nanking, Pelican, 
Seminole, Yelnando. Forage–Avoyelles, Biloxi, Creole, 
Gatan, Otootan. Forage–Avoyelles, Biloxi, Creole, Gatan. 
Otootan. Vegetable: Green bean–Cherokee, Nanda, 
Seminole. Vegetable: Mature bean–Nanda, Seminole.
 Description of varieties: Each of the varieties listed 
above is described here in detail in alphabetical order. 
The following synonyms are also included: Black Beauty 
(Same as Ebony). Brown Otootan (Same as Tanner). Early 
Green (Same as Medium Green). Early Indiana Laredo 
(Same as Norredo). Early Laredo (Same as Norredo). Early 
Mandarin (Same as Mandarin). Early Virginia Brown (Same 
as Virginia). Early Wilson (Same as Wilson). Early Wilson 
Black (Same as Wilson). Early Wisconsin Black (Same 
as Wisconsin). Early Woods Yellow (Same as Arksoy). 
Early Yellow (Same as Ito San). Edsoy (Renamed Delsoy). 
Giant Brown (Same as Mammoth Brown). Green (Same 
as Medium Green). Guelph (Same as Medium Green). 
Hollybrook Early (Same as Midwest). Illinois VC-VT (Same 
as Ilsoy). Indiana Hollybrook (Same as Midwest). Japan 
Pea (Same as Ito San). Large Brown (Same as Mammoth 
Brown). Large Yellow (Same as Mammoth Yellow). 
Late (Same as Mammoth Yellow). Late Yellow (Same as 
Mammoth Yellow). McClave (Same as Midwest). Mammoth 
(Same as Mammoth Yellow). Manchuria (Same as Pinpu). 

Medium Early Green (Same as Medium Green). Medium 
Early Yellow (Same as Ito San). Medium Yellow (Same as 
Midwest). Mongol (Same as Midwest). Northern Hollybrook 
(Same as Midwest). Ohio 9035 (Same as Hamilton). Purredo 
(Same as Norredo). Red Otootan (Same as Tanner). Red 
Tanner (Same as Tanner). Roosevelt (Same as Midwest). 
Sable (Same as Peking). Shanghai (Same as Tarheel Black). 
Southern (Same as Mammoth Yellow). Southern Medium 
Green (Same as Tokyo). Tarheel (Same as Tarheel Black). 
Tarheel Brown (Same as Mammoth Brown). Vanderburg 
Black (Same as Norredo). Virginia Brown (Same as 
Virginia). Virginia Early Brown (Same as Virginia). Wilson 
Black (Same as Wilson). Wilson Early Black (Same as 
Wilson). Wisconsin Early Black (Same as Wisconsin Black). 
Yellow (Same as Mammoth Yellow).
 Footnote (p. 8): The following varieties of soybeans do 
not appear in the present publication as they are no longer 
handled by growers and seedsmen and have been superseded 
by improved varieties: A.K., Aksarben, Arlington, Austin, 
Black Eyebrow, Chernie, Chestnut, Chiquita, Columbia, 
Delnoshat, Dixie, Early Brown, Elton, Fuji, George 
Washington, Goku, Goshen Prolifi c, Hamilton, Harbinsoy, 
Hiro, Hoosier, Hurrelbrink, Ilsoy, Ito San, Jet, Lexington, 
Medium Green, Merko, Mikado, Ogemaw, Old Dominion, 
Oloxi, Osaya, Ozark, Pee Dee, Pine Dell Perfection, Pinpu, 
Shiro, Sooty, Southern Green, Southern Prolifi c, Soysota, 
Suru, Tarheel Black, Toku, Waseda, Wea, White Biloxi, 
Wilson-Five, and Yokoten.
 Note: The term “maturity group” was fi rst used in 
1936 by L.E. Kirk, but with a somewhat different meaning 
than it now has. This is the 2nd earliest document seen 
(June 2009) that uses the term “maturity group” in the 
sense that has come to be widely used since 1946, and 
the earliest document seen (June 2009) that discusses 
the concept in detail. Address: 1. Principal Agronomist; 
2. Senior Agronomist; 3. Assoc. Agronomist. All: Div. 
of Forage Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research 
Administration [USDA].

1351. Weiss, Martin G. 1949. Soybeans. Advances in 
Agronomy 1:77-157. [242 ref]
• Summary: A comprehensive review of the literature on 
soybean breeding and management. The fi rst such treatment 
since Piper and Morse’s classic book, The Soybean (1923). 
Contents: 1. Introduction. 2. Production and distribution: In 
the world, in the United States. 3. Disposition and utilization. 
4. Physiology of the soybean plant: Floral initiation (varietal 
differences, duration of dark and photoperiods, light intensity 
and photosynthesis, age and position of induced tissue, 
temperature effects), nutrition (nitrogen, phosphorus, major 
cations, micronutrients), root temperatures.
 5. Effect of climate and location: Location and season 
effects, simulated hail damage. 6. Effect of cultural practices: 
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Rotations, fertilizers and soil management (response, 
placement), seed inoculation, seed germinability (viability, 
disinfectants and protectants, hormones), time of planting, 
method and rate of planting, weed control, harvesting. 7. 
Genetics and cytology. 8. Variety improvement. 9. Effect on 
soils. 10. Disease and insect pests. 11. Regional approach to 
soybean research (U.S. Regional Soybean Laboratory).
 Note: None of 242 abbreviated references contains the 
title of the document. For example: Orcutt, F.S. 1937. Soil 
Sci. 44, 203-215. Address: Iowa State College, Ames, Iowa.

1352. Jugo, Bogdan. 1949. Prva masovna proizvodnja 
cjepiva za soju kod nas [The fi rst mass production of 
inoculum for soybeans in our country]. Gospodarski List 
(Farmer’s Newspaper, Zagreb, Croatia) 108(8):2. [Scr]*
Address: Yugoslavia.

1353. Silva, J. Gomes da. 1949. Testes com um inoculante 
comercial para soja [Tests with a commercial inoculum for 
soybeans]. Boletim da Sociedade Brasileira de Agronomia 
11(1):39-44. [Por]*
Address: Brazil.

1354. Matagrin, Am. 1950. Les progrès du soja aux États-
Unis. III, Inoculation et engrais chimiques pour soja [The 
progress of soy in the United States. III. Inoculation and use 
of chemical fertilizers for soybeans]. Revue Internationale 
des Produits Coloniaux 25(245):37-38. Feb. [8 ref. Fre]

1355. Roberts, I.M.; McRostie, G.P. 1950. The soybean as 
a grain crop in Ontario. Ontario Department of Agriculture, 
Bulletin No. 474. 19 p. Feb. Summarized in Soybean Digest, 
July 1950, p. 26.
• Summary: Contents: Introduction. Where to grow 
soybeans. Soybeans and the soil. Soybeans in the rotation. 
Preparation of the seed bed. Depth of seeding. Time of 
planting. Sow only good seed: It is sound practice to 
purchase Registered or Certifi ed seed at least once every 
3-4 years, seed germinating at 85% or better should give 
satisfactory fi eld stands, try to plant seed grown the previous 
year, seed should be cleaned of inert materials, weed seeds, 
splits, and foreign seeds, several forms of seed protectant 
dusts may be purchased for treatment against disease. 
Inoculation.
 Method and rates of seeding: There are many advantages 
of planting soybeans in rows rather than solid (7 reasons 
are given), narrower rows (down to 21 inches) give larger 
soybean yields than wider rows (42, 36, 28, or 24 inches; see 
the 1949 High Yield Soybean Contest for Ontario). Weeds 
vs. soybeans. Weed control implements (such as rotary 
hoe, fi nger weeder, a set or ordinary, light, spike-toothed 
harrows). Methods of weed control [mechanical].
 Varieties: Soybeans, like corn, vary in their “time to 
maturity, use the right variety for each of Ontario’s fi ve zones 

(a table is given), later maturing varieties include (from 
Zone 1 to 5) Lincoln, A.K., Harman, Hawkeye, Earlyana, 
Blackhawk, Monroe, Harly, Mandarin, Capital, Goldsoy, 
Flambeau, Kabott; earlier maturing varieties include 
(from Zone 1 to 5) Earlyana, Blackhawk, Monroe, Harly, 
Mandarin, Capital, Flambeau, Kabott, Pagoda.
 Harvesting. Storage. Fertilizer.
 Photos show: (1) Two boys standing in a large fi eld of 
soybeans. “The growing of soybeans is now big business 
on many Ontario farms.” (2) A man holding soybean roots 
that are well nodulated. (3) A large fi eld of soybeans at the 
Ontario Agricultural College where the effect of varying the 
distance between is studied. (4) A tractor pulling a fi nger 
weeder in a fi eld of soybeans. (5) A large fi eld of soybeans 
in which the weeds have been controlled. (6) A well-podded 
soybean plant growing at the end of a row.
 Figures show: (1) A pair of bar charts of inoculated 
vs. non-inoculated soybeans, in high- and low-fertility 
soils. “Inoculation pays dividends.” (2) Bar chart showing 
the effect of weed competition on soybean yields. “There 
is money in weed control.” with Capital and Mandarin 
varieties. (3) A map (p. 16) shows each of the soy-bean 
growing counties in Ontario. The southernmost county 
in Ontario is Essex, on the shores of Lake Erie. Moving 
northward, we fi nd Kent County, Elgin County, and Lambton 
County.
 “Few crops in the history of Ontario agriculture have 
had the phenomenal increase in acreage that has been 
experienced in the case of the soybean during the past 
decade... It is only in the past eighteen years that the crop 
was considered of suffi cient importance to be recorded in 
provincial agricultural statistics.
 “In 1932 the acreage was recorded at 7,781. For the 
succeeding nine years the acreage remained between 8,602 
and 11,272. The demand for oil and protein during the 
war years [World War II], coupled with a very substantial 
increase in price, raised the acreage nearly four hundred 
percent.” Soybean production in Ontario decreased 
immediately after the war, but by 1949 it “had more than 
doubled from the highest war year production. Most recent 
fi gures for soybean production in 1949 are” about 110,000 
acres.
 “Until recently it was felt that soybean production was 
confi ned to Essex and Kent Counties [the two southernmost 
counties in Ontario]. Now high-yielding, early maturing 
varieties have made the greater part of old Ontario a potential 
soybean area with yields and net returns comparable to 
other cash crops.” (p. 3). Address: Dep. of Field Husbandry, 
Ontario Agricultural College, Guelph, Ontario, Canada.

1356. Clarion-Ledger (Jackson, Mississippi). 1950. List 
three best soybean varieties. March 15. p. 17.
• Summary: “Soybeans are well adapted for mechanized 
farming in the Mississippi Delta section and can be a 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   634

© Copyright Soyinfo Center 2018

profi table crop if proper varieties are planted, a good stand 
obtained, and weeds controlled.
 “The varieties S-100, Ogden, and Roanoke are those 
best adapted for seed production in the Delta, according to 
Dr. E.E. Hartwig, USDA agronomist at the Delta Branch 
Station at Stoneville. The varieties mature and are ready for 
harvesting about September 10, October 5, and October 25, 
respectively. In the northern Delta counties, Wabash, which 
matures about September 1, can be grown with fair results.
 “A good acreage distribution for large growers is as 
follows: 25 percent, S-100; 50% percent, Ogden; and 25 
percent, Roanoke.
 “’Growers should be cautioned against buying northern 
varieties, such as Lincoln, Hawkeye, or Adams,’ Dr. Hartwig 
said. ‘These are good varieties where they are adapted, but 
they are not adapted in the Delta section where they make 
poor growth, produce low seed yields, and the seed is of very 
poor quality. The grower planting unadapted varieties such 
as these will be convinced that soybeans are not a money 
making crop for this area.’
 “In general, soybean planting should follow cotton 
planting. Soybeans planted during April grow more slowly 
than those planted after May 1. Tests conducted at the Delta 
Station show that varieties planted April 10 have only 60 
percent as much growth six weeks after emergence as the 
same varieties planted during May. This means the early-
planted beans require a greater number of cultivations to 
keep them free from weeds.”
 “Suffi cient seed should be planted to give 10 to 12 
plants per foot of row... Care should be taken to inoculate 
with soybean nodule bacteria. Unless properly inoculated, 
soybeans will require nitrogen fertilizer just as non-legume 
crops.
 “Arasan and Spergon are fungicides very effective for 
seed treatment. Planting seed can be treated now.
 “Top seed yields cannot be obtained from weedy fi elds. 
A good stand of beans is valuable in weed control and a 
rotary hoe, or weeder, is a good tool to use while beans are 
small.”

1357. Canode, Chester L. 1950. Growing soybeans in 
Oklahoma. Oklahoma Agricultural Experiment Station, 
Bulletin. B-347. 19 p. May. [4 ref]
• Summary: Uses of Soybeans: Feed for Livestock, Food 
for Human Consumption, Industrial Uses. Soil and Climatic 
Adaptation: Effect of Soybeans on the Soil, Nitrogen, 
Other Plant Nutrients, Erosion. Fertilization and Liming. 
Inoculation. Varieties Seedbed Preparation. Planting: 
Methods, Depth of Seeding, Planting Date Rate of Planting 
(For seed Production, For Hay Production). Cultivation. 
Harvesting: For Seed, For Hay. Soybean Enemies: Diseases, 
Insects, Rabbits (Control by Poisoning). Address: Asst. 
Agronomist.

1358. Snider, H.J. 1950. Soil building with legumes: results 
from Illinois soil experiment fi elds. Illinois Agricultural 
Experiment Station, Bulletin No. 539. p. 545-60. June.
• Summary: Contents: “Legumes Add Organic Matter and 
Build Up Nitrogen: Amounts of organic matter and nitrogen 
in the soil were higher where clover was a part of the rotation 
than where it was not. Dark-colored soils gained more in 
organic matter and nitrogen from the use of legumes than did 
light-colored soils.
 “Legumes Increase Yields of Other Crops: Clover in the 
rotation meant higher yields of corn and oats and a higher 
protein content of the grain.
 “Legumes Need Soil Treatment for Best Growth: 
Growing legumes under several different soil treatments 
showed that the more nearly complete the soil treatment was, 
the higher the yield of hay and nitrogen was.
 “Legumes Differ in Ability to Improve Soils Corn 
following a clover-alfalfa mixture yielded appreciably better 
than corn following soybeans and had a higher protein 
content. Alfalfa roots that were able to penetrate only 12 
inches into the soil weighed as much, and so supplied as 
much organic matter, as the roots that went 3 feet or more 
into the soil, but shallow sweet-clover roots weighed much 
less than those that went deep. When both crops were cut 
for hay in September, alfalfa roots maintained their weight, 
while sweet-clover roots lost considerable.
 “Soybeans Take Nitrogen From Soils: During the time 
when the soybeans were making their greatest growth, the 
nitrate nitrogen on a treated plot dropped from 256 pounds 
an acre down to 20 pounds. On an untreated plot the drop 
was from 132 pounds to 16 pounds.
 “Residues of Nonlegume Crops Add Organic Matter But 
Little Nitrogen: A total of about 5½ tons of organic material 
an acre was returned by a rotation of corn, oats, wheat, and 
soybeans on treated dark soils; on treated light soils the same 
rotation returned about 4½ tons. On untreated dark soils the 
total was less than 4 tons and on untreated light soils only 
1¼ tons. The total nitrogen returned on each of the fi elds, 
however, was relatively low.
 This Bulletin begins: “Legumes are recognized more 
and more as the key to a good soil-improvement program. 
They furnish generous supplies of organic matter and 
nitrogen. Their use enables other crops in the rotation to 
make better yields. And they form a cover which protects the 
soil against destructive erosion.
 “Legumes can be grown abundantly and profi tably 
on almost every acre of farm land in Illinois. They have 
been grown for many years on the Illinois soil-experiment 
fi elds. Some of the differences that have resulted from these 
years of experiment with legumes, particularly with alfalfa, 
sweet clover, red clover, and soybeans, are discussed in this 
publication.”
 But each legume is different in its ability to build soils. 
Address: Asst. Prof. of Soil Fertility.
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1359. Boock, Olavo Jose. 1950. O “Dowfume W-10” no 
combate aos menatóides que parasitam as plantas de soja 
[Dowfume W-10 in the fi ght against the parasitic nematodes 
of soybean]. Revista de Agricultura (Piracicaba, Brazil) 
25(9-10):297-304. Sept/Oct. [7 ref. Por]
• Summary: Dowfume W-10 was tested for its control of the 
nematode Heterodera marioni on soybeans. Soil injections, 
at a rate of 30 gallons per acre, at distances of 20 cm by 20 
cm, gave effective control. Dowfume W-10 had no harmful 
effect on nitrogen fi xing bacteria. Address: Engenheiro 
Agronomo da Seccao de Raises e Tuberculos–Instituto 
Agronomico–Campinas.

1360. Hughes, Paul C. 1950. Real gains were made in 
ASA’s [American Soybean Association’s] educational and 
promotional program in 1949-50. Soybean Digest. Oct. p. 
8-9.
• Summary: “This is the annual report which was given to 
the membership of the American Soybean Association at its 
annual meeting in Springfi eld, Illinois, Aug. 28, 1950.
 “The objective of the program is to keep all phases 
of the industry as profi table as possible, and to prevent 
government control of the soybean industry through a 
program of self help designed to stimulate the demand for 
soybeans and soybean products.
 “It is the duty of the fi eld service division to carry out 
the work necessary to achieve these objectives at the grass 
root level. But the main duty of the fi eld service division is 
to secure the help of the farmers, buyers and processors to 
fi nance the operations of the Association.
 “Margarine Battle: The fi rst major effort carried on by us 
last fall after the convention was to aid in Ohio in the fi ght to 
have the ban lifted on the sale of yellow margarine by a vote 
of the people. We sent out thousands of direct mail pieces 
to northwest Ohio, also thousands of letters to elevators, 
processors, growers, newspapers, implement dealers and 
consumers pointing out our side of this whole margarine-
vs.-butter issue. I think that special mention should be given 
to Ersel Walley, Calvin Heilman, Dave Wing, and Floyd 
Hiegel for the effort and work they put into this fi ght. I am 
sure that without these men the vote could have been much 
closer if not unfavorable. As you know, the fi ght was won in 
Ohio; and I like to feel that we had a real part in winning that 
fi ght.”
 “New Producers: Before soybeans can be profi table 
to the producer his production per acre must he as high as 
possible. More new producers planted soybeans for the fi rst 
time this year than at any time since the early days of the 
war. To help these new producers in the South, Southeast 
and West to get started properly in soybean production this 
spring the Association sent out a large number of news 
releases. These covered proper varieties, land preparation, 
inoculation, planting dates, and weed control, and went to 

all the newspapers, radio stations, county agents, vocational 
agriculture teachers and on-the-farm training teachers in 
those new areas as well as to the older soybean areas. I 
believe that we got a better news coverage of this campaign 
than on any the Association had put on to that time. I 
feel sure we prevented a good many people from making 
unnecessary mistakes this year.
 “Midsouth Meetings: As soon as the 1949 crop began 
to arrive in Europe–and mainly the beans coming out of 
New Orleans–Secretary Geo. M. Strayer began receiving 
letters from the processors in Germany, Holland, France 
and England complaining of the large quantities of foreign 
material in the beans coming from this country. The 
Association feels that over the years we will have to depend 
on an export market to take a quantity of our soybeans. This 
is very true in the Midsouth where the production is about 
two-thirds larger than the total mill consumption, and the 
freight rates make it impossible for the soybeans to move 
north at a profi table price to the producer...
 “Processor Help I think that the greatest single step 
made by the Association in the past year was when 18 
processors in Iowa, Illinois and Kentucky joined with it in its 
program to stimulate the consumption of soybean products. 
It has always been felt by the Association that no program 
would be entirely successful unless it received the backing 
of all segments of the industry. These processors agreed 
to support the Association at the rate of 50¢ per thousand 
bushels on their crush. Surely one by one other processors 
will join us until we have a united industry working for the 
good of all.
 “Meal Ads: In line with the wishes of participating 
processors to promote soybean meal last summer, the 
Association published its fi rst series of mats to be used as 
advertisements in newspapers and feed publications by the 
individual fi rms. We will issue new series from time to time.
 “Last but not least has been the work of contacting 
soybean buyers and growers to aid us on our program. 
For the 1949 crop buyers were contacted in Ohio, Indiana, 
Illinois, Missouri, Arkansas and Tennessee. Those who made 
remittances are listed at the end of this report.
 “Due to the large amount of work being done in the 
Midsouth this year by the Association it was felt that our 
efforts to secure fi nancial assistance should be confi ned 
in the area in which we were working as we lacked the 
personnel to cover Ohio and Indiana and at the same time do 
all the work that we did in the Midsouth. So this crop year 
we are getting our support from buyers in Illinois, Missouri, 
Tennessee, Arkansas and Louisiana; but at the same time we 
will contact those men in Indiana and Ohio who helped us 
last year.
 “Finance Report: As for money collected this year from 
the growers through the buyers, a gain was made over last 
year. Our total collection from producers for the 1949 crop 
was $5,358.46, or just about 1 percent of the crop grown last 
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year. The processors remitted $1,855.81, making a total of 
$7,214,27 last year for the entire program. This just about 
paid the cost of collections with a little over to carry on the 
program.
 “Never has a successful commodity group been started 
before that commodity was in trouble. But then it is an uphill 
battle all the way...”
 A portrait photo shows Paul C. Hughes. Address: Field 
Service Director, ASA.

1361. Hurwitz, S.; Goldin, E. 1950. Ba’ayot iklum hasoya 
b’Yisrael [Introduction of soybean into Israel and its 
problems]. Jewish Agency for Palestine, Agricultural 
Research Station, Bulletin No. 56. p. 41-76. (Rehovot). 
English-language summary p. 13-17. Dec. Published in 
Ktavim. Vol. 1. 1950. [19 ref. Heb; eng]
• Summary: Contents: Introduction. Varieties: Plant 
development, growing period, splitting of pods, nodulation, 
yields. Sowing methods: Viability of seeds, time of sowing, 
vernalization and photoperiodism, sowing depth, rate of 
sowing. Time of harvest. Feeding value of the herbage.
 Page 1: “Experiments in soybean cultivation were 
conducted in the Rehovot Research Station from 1935 
to 1944. The main objects were: selection of varieties, 
determination of sowing methods and the correct time of 
harvesting, and, fi nally, an assessment of the feeding value of 
the herbage.”
 Particular points studied were pod splitting, seed 
viability, and seed vernalization. Seventy soybean varieties 
were imported from various countries for this investigation. 
The highest soybean yields under irrigation were obtained 
from the varieties Wood’s Yellow, Haberlandt, Creole, Jaune 
Grain, White Biloxi, Palmetto, and Missoy; and without 
irrigation from the early varieties Dunfi eld, Macoupin, and 
China.
 Note: This is the earliest document with an English-
language summary seen (Dec. 2007) concerning soybeans 
in Israel (after the nation was created in 1948), or the 
cultivation of soybeans in Israel. But a 1936 document by 
the International Institute of Agriculture (Kaltenbach and 
Legros) discusses soybeans in the country when it was 
named Palestine. This document contains the earliest date 
seen for soybeans in Palestine/Israel, or the cultivation of 
soybeans in Palestine/Israel (1935; one of two documents). 
The source of these soybeans is unknown. Address: Div. of 
Agronomy and Seed-Breeding.

1362. Mihalic, Vladimir. 1950. Neki rezultati pokusa sa 
cijepljenom sojom u godini [Some results of experiments 
with inoculated soybeans in 1949]. Biljna Proizvodnja 
(Vegetable Production) 3(4):156-59. [Ser]*
Address: Yugoslavia.

1363. Bonnier, Ch. 1950. Formation de nodosités 

radiculaires, sur Soja hispida M., dans une terre dépourvue 
du Rhizobium spécifi que [Formation of nodules on S. hispida 
M., in soil devoid of the specifi c strain of Rhizobium]. 
Bulletin de l’Institut Agronomique et des Stations de 
Recherches de Gembloux (Belgium) 18(1-2):218-19. [3 ref. 
Fre]
• Summary: In a plot experiment in 1948 with 15 
leguminous plants, including soybeans, all except the 
soybean formed nodules. In 1949, only soybeans were 
planted over the entire experimental area. Not one plant 
formed nodules. In 1950, soybeans were again sown over the 
whole area. After 6 weeks’ growth nodules (2 or 3 per plant) 
were visible only on those plants growing on the area sown 
to soybeans for 3 successive years. The reason for this is not 
clear. Address: Chair of Microbiology, Institut Agronomique 
Gembloux, Belgium.

1364. INEAC. 1950. [Soybeans: Selection, cultural methods, 
and experimental techniques]. Institut National pour l’Etude 
Agronomique du Congo Belge, Rapport Annuel (Gembloux, 
Belgium) 306 p. For the year (l’exercice) 1949. See p. 114, 
120, 165-66, 262, 285, 291, 296.
• Summary: In the Section of Agronomic Research (p. 
88+), in the subsection on Division of Food Plants (Plantes 
Vivrières) (p. 109+) a table (p. 114) mentions trials 
with rice, maize, Job’s tears (Coix lacryma-Jobi), soja, 
Phaseolus angularis [probably azuki beans], and sunfl owers 
(Helianthus). A longer subsection on soybeans (p. 120, G. 
soja, Soja hispida) discusses hybridization, varietal trials, 
and selection. A table shows the results of a trial comparing 
8 soybean varieties. For each is given the variety name, its 
main ancestor, the yield (the highest was S.H. 105, from 
Otootan, at 1,320 kg/ha of seeds; 6 varieties yielded more 
than 1,000 kg/ha), seed color, duration of vegetation, protein 
content, and lipid content. A second, similar table shows the 
results of a trial comparing 7 soybean selections. The two 
highest yields came from Jubittan 109 (1,253 kg/ha) and Java 
3334 (1,234 kg/ha).
 In the section on the Eastern Sector, at the Experimental 
Station of Nioka (p. 157+), the subsection on soybeans (p. 
165) has a table showing the results of a trial comparing 13 
varieties. One column shows the percentage of plants with 
nodules (ranging from 11% to 75%) and another shows the 
yield; Tarruel was the highest at 907 kg/ha of seeds. A note at 
the end (p. 166) states that some recent introductions seem to 
be attracting interest.
 The section on the Cotton Selection and 
Experimentation Service, Experimental Station of Gandjika 
(p. 224, 247+). the subsection on Edible legumes–Other 
edible legumes (p. 262) states that for 16 varieties of white 
soybeans (soja blanc), the yields ranged from 200 to 1,200 
kg/ha of seeds, whereas for 8 varieties of black soybeans 
(soja noir), the yields ranged from 250 to 700 kg/ha of seeds.
 The section on the Sector of Katanga, Station of Trials at 
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Kiyaka (p. 271, 281+) has a subsection titled Various edible 
plants (p. 285) which states that 66 varieties and lines of 
soybeans produced very poor yields.
 The section on the Stations of Ruanda-Urundi [Rwanda-
Burundi], Station of Trials at Rubona [in today’s Rwanda] 
(p. 290+), the subsection on Food Plants–soybeans (p. 291) 
states that in a comparative trial of 20 varieties, the yields 
ranged from 700 to 850 kg/ha of seeds.
 The section on the Station of Trials at Kisozi, also in 
Ruanda-Urundi (p. 295+), the subsection on Various edible 
plants has a table (p. 296) which shows that the soybean 
variety Tokyo Yellow gave a theoretical yield of 520 kg/ha, 
which was the lowest of the nine seeds shown in the table.
 Peanuts (Arachides), bambarra groundnuts (Voandzou; 
Voandzeia subterranea), rice, maize, and Job’s tears (coix) 
are also discussed in this annual report.

1365. Morse, W.J. 1950. History of soybean production. In: 
K.S. Markley, ed. 1950. Soybeans and Soybean Products. 
Vol. I. New York: Interscience Publishers or John Wiley & 
Sons. xvi + 1145 p. See p. 3-59. [59 ref]
• Summary: Contents: 1. Origin. 2. Ancient history. 3. 
Modern history. 4. Description of soybean plant. 5. World 
distribution. 6. Climatic adaptations. 7. Soil preferences. 
8. Soil erosion and practices. 9. Varieties and variety 
improvement. 10. Fertilizer and lime requirements. 11. 
Inoculation. 12. Cultural methods: Preparation of seedbed, 
methods of seeding, time of seeding, rate of seeding, depth 
of seeding, cultivation. 13. Rotations. 14. Mixture with other 
crops. 15. Hay production. 16. Seed production. 17. Soil 
improvement. 18. Diseases. 19. Insect enemies. 20. Other 
enemies (rabbits, pigeons, pheasants).
 This chapter contains many original, interesting photos 
and a map. Figures (photos unless otherwise indicated) 
show: (1) Wild soybeans, cultivated soybeans, and Glycine 
gracilis. (2) Unloading soybeans from farm carts and storing 
the seed in osier bins in a Chinese merchant’s storage yard–
Manchuria. (3) Map of the principal soybean seed producing 
areas and countries of the world. (4) A soybean grain market 
in Korea. (5) “Fertilizer used for soybeans by Manchurian 
farmers is compost placed in piles in the fi eld and scattered 
between rows of previous year’s crop just before planting 
soybeans.” (6) Roots of soybean plant (2 photos) showing 
abundant development of nodules. (7) Ordinary grain drill 
(pulled by a tractor) may be used in sowing soybeans in 
rows or close drills. (8) Soybeans sown by hand on ridges 
in rows about 21 inches apart in Manchuria. Two horses 
pull a wooden plow. (9) Korean woman planting soybeans 
along ridged rows. (10) Soybeans planted along edges of 
rice paddies in Japan, China, and Korea are used for home 
consumption. (11) Cultivating soybeans in rows, using a 
tractor-pulled rotary hoe, weeder, or harrow, in the Corn 
Belt. (12) Hand-cultivation of soybeans in Manchuria. (13) A 
fi eld of plants: “The Korean farmer grows many other crops 

with soybeans: millet, mung beans, buckwheat, sesame, susu, 
or castor beans.” (14) A fi eld of soybeans and Kaoliang in 
China planted in alternate hills. (15) The combine has been 
one of the most important factors in the economic production 
of soybeans in the United States. (16) Harvesting soybeans 
by hand methods in Manchuria. (17) Threshing soybeans 
in Manchuria using a stone roller pulled over the plants by 
horse or donkey. (18) Primitive wind method of separating 
soybean seed from threshed plant material in Manchuria. 
(19) Korean farmers threshing soybeans with bamboo 
fl ails on the home threshing ground. (20) Japanese farmers 
turning under soybeans in a rice paddy for soil improvement. 
Address: 6809 Fifth St. N.W., Washington, DC; formerly 
Principal Agronomist, Div. of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural 
Engineering, USDA, Beltsville, Maryland.

1366. Williams, L.F. 1950. Structure and genetic 
characteristics of the soybean. In: K.S. Markley, ed. 
1950. Soybeans and Soybean Products. Vol. I. New York: 
Interscience Publishers or John Wiley & Sons. xvi + 1145 p. 
See p. 111-34. [35 ref]
• Summary: A comprehensive review of the subject. 
Contents: 1. Introduction. 2. Botanical name of the soybean. 
3. Soybean seed: Description, morphology and anatomy, 
germination, shape and size, color of the seed coat, other 
seed coat characters. 4. Root: Description of the root system, 
nodulation. 5. Stem: Development of the stem and branches, 
types, anatomy. 6. Pubescence: Types, color. 7. Leaf: Shape 
and size, color, leaf abscission, anatomy. 8. Morphology 
and anatomy of the fl ower: Description, color. 9. Pod: 
Dehiscence, shape and size, color. 10. Maturity. Address: 
U.S. Regional Soybean Lab., Univ. of Illinois, Urbana, IL.

1367. Porterfi eld, W.M., Jr. 1951. The principal Chinese 
vegetable foods and food plants of Chinatown markets. 
Economic Botany 5(1):3-37. Jan/March. See p. 5-9. [68 ref]
• Summary: The soybean “is referred to by Chinese as ‘the 
poor man’s meat and the poor man’s milk.’” In New York 
City, soybeans are sold in Chinese shops in three main 
forms: seeds [whole dry soybeans], bean sprouts, and bean 
curd. Soy sauce and soybean oil are also available. Soy sauce 
“is a heavy dark fl uid which is used as a condiment to supply 
saltiness that brings out fl avor,...”
 When soybean milk is heated, a skin [yuba] such as 
forms on milk rises to the surface. Other [Western] uses of 
soybeans include soybean fl our, meal, lecithin, shortenings, 
and margarine.
 Nitrogen fi xation takes place in the nodules of the 
soybean plant, which makes it useful as a green manure. 
Crude soybean oil goes into the manufacture of soap (both 
soft and hard). Soybean meal can be used to make plastic and 
“protein fi bers” which are called “soybean wool. “During 
the war about 1,000 pounds of soybean wool were produced 
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each day, and all of it went into the winter uniforms of the 
armed forces.”
 Note: Which company produced this “soybean wool”? 
Drackett?
 Some 36 different varnishes with 100% of their oil 
content as soybean oil have been developed and given 
exposure tests. A rubber substitute named “norepol” 
[Norepol] has been developed and can replace rubber in 
“insulation, shoe heels, fruit-jar rings, gaskets, and tubing.” 
Soybean protein has been used as a stabilizer in fi re-fi ghting 
foam. Other industrial uses [of soy oil and protein?], which 
are too numerous to mention, include enamels, printing ink, 
linoleum, foundry cores, glycerin, notepaper, and billiard 
balls. In the United States, soybean crops and products create 
an annual income of $45 million.
 Tables show: (1) Nutritional composition (on an “as-is” 
basis) of: “Bean cheese (Tou-fou; 13.5% protein). Soybean 
milk (3.13% protein). Bean oil (Tao-yu; 7.49% protein). Soy 
sauce (Tao-jung; 12.67%). (2) Nutritional composition of 
soybeans.
 Half-page photos (each with a black background) show: 
(1) Bean sprouts ready for cooking. (2) A square of fi rm 
“Tou-fu, bean curd, a cheese made from soybeans.” Address: 
3334 Prospect Ave., N.W., Washington &, DC.

1368. Sears, O.H.; Lynch, D.L. 1951. The importance of 
inoculation [for soybeans]. Soybean Digest. May. p. 15-17.
• Summary: The three main reasons for inoculating soybeans 
(and all other leguminous crops) are: 1. To increase the 
crop yield and profi t to farmers. 2. To enable the crop to 
secure a portion of its nitrogen supply from the air and, 
under suitable conditions, to add nitrogen to the soil. 3. To 
modify the protein and oil content of both the hay and the 
seed. Discusses experiments which show the importance 
of inoculation. A portrait photo shows Dr. O.H. Sears. 
Address: 1. Prof.; 2. First Asst. Both: Soil Biology, DEp. of 
Agronomy, Univ. of Illinois.

1369. Soybean Digest. 1951. Soybean seed treatment and 
inoculation: Are they compatible? When should you treat? 
When inoculate? The views of experts. May. p. 14-15. [1 ref]
• Summary: These are subjects on which there are many 
opinions. But there was fair agreement on the following 
points: “1. There is no reason to use a seed protectant on 
sound, disease-free seed that will germinate over 85% and 
that is to be planted in warm soil. It may be desirable on 
seed that does not meet all of these qualifi cations. 2. Seed 
protectants are always somewhat toxic to nitrogen-fi xing 
bacteria but do not necessarily cut down on root nodulation, 
especially in soils where the bacteria are plentiful. 3. You 
can use both inoculation and seed treatment and get at least 
partial benefi t from the inoculant, if done properly.”
 As you travel southward in the USA, opinion swings 
in favor of seed treatment. Two separate articles, one on 

inoculation and one on seed treatment, follow.

1370. Mihalic, Vladimir. 1951. Produkeija sojina cjepiva 
[Production of soybean inoculum]. Tehnicki Pregled 
(Technical Review) (3):121-22. [Ser]*
Address: Yugoslavia.

1371. Ministry of Agriculture, Annual Report of the Research 
Division (Sudan Government). 1951. Seed inoculation of 
legumes and nodulation. 194 p. For 1948-1949. See p. 60-61. 
*
• Summary: Soyabeans and haricot bean (Phaseolus 
vulgaris) do not nodulate satisfactorily in Gezira soils unless 
their seed is inoculated. Also discusses sesame seeds and 
groundnuts.

1372. Bonnier, Ch. 1951. Formation de nodosités 
radiculaires, sur Arachis hypogaea L. dans une terre 
dépourvue du Rhizobium spécifi que; Note [Formation of root 
nodules in Arachis hypogaea L. in soil lacking the specifi c 
Rhizobium: Note]. Bulletin de l’Institut Agronomique et des 
Stations de Recherches de Gembloux (Belgium) 19(1-2):229-
30. [2 ref. Fre]
• Summary: The eventual formation of nodules on soybeans 
in a soil lacking the Rhizobium specifi c to the soybean 
was attributed to adaptation. This type of adaptation was 
investigated in the groundnut (Arachis hypogaea) with a 
similar result. Address: Chair, microbiology.

1373. Ciancio, Pedro N. 1951. La soja y el problema 
alimentario del Paraguay [The soybean and Paraguay’s 
nutritional problem]. Asunción, Paraguay: Edit. “El Grafi co.” 
505 p. No index. 25 cm. Contains a 17-page English-
language summary. Ciencia de la Nutrition (Metabolismo). 
[50 ref. Spa; eng]
• Summary: On cover: Ciencia de la nutrición 
(metabolismo). Contents (from English-language summary, 
p. 477-94): 1. Report on the soybean, presented at the First 
Interamerican Congress of Medicine (Primer Congreso 
Interamericano de Medicina), sponsored by the National 
Academy of Rio de Janeiro [Brazil], September 7-16, 
1948 (the soybean was the 6th subject on the program; 
the report by Dr. Pedro Ciancio, which emphasized the 
nutritional benefi ts of soya as a protective and basic food, 
was unanimously approved by the scientifi c assembly). 2. 
The “Paraguayan Soybean,” a new variety (developed after 
20 years of cultivation in Paraguayan soil). 3. The nutritional 
value of soy in the light of modern science. 4. Defi ciencies 
in the dietetic regimen in Paraguay and how to correct 
them; particular importance of the soy bean to correct these 
defi ciencies. 5. Peculiarities of the biochemical structure of 
the soybean and the medical applications deriving therefrom. 
6. Soy cultivation (“Paraguayan soil is excellent for the 
cultivation of soy... The average output ranges from 1,500 
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to 2,000 kilos per hectare but in some regions of Caazapá 
(Rosario, Charará, Buena Vista, etc.)... I obtained the 
enormous output of 4,000 kilos per hectare, and this without 
any inoculation whatever!”). 7. The place of soy in the diet. 
8. World production of soy. 9. Conclusion. More about soy 
milk (p. 493).
 The author emphasizes the many nutritional benefi ts 
of using soy fl our (he used the term “whole soy fl our,” p. 
493), toasted soy meal, and soy milk in the Paraguayan 
diet. He believes that soya can be used to improve the diet 
without increasing its cost. In 1950 the author conducted 
experiments, in collaboration with the distinguished 
biochemist Prof. Dr. Ramón Codas of the Faculty of 
Chemistry and Pharmacy (Asunción), feeding soy milk 
to undernourished families living in the Department of 
Caazapá. When 1 liter/day of soymilk was added to the usual 
diet for 2 months, “most of the groups had increased their 
weights, and better coloring and greater activity could be 
noted in all the members of the groups under observation. He 
recommended using the resulting okara in soups or tortillas.
 Chapter 8, “World production of soy,” states (p. 490): 
“Cultivation of soy began in 1921, the year in which I 
introduced the plant to our country. Although its cultivation 
is only slowly increasing, at the present time there are 
already many villages where soy is cultivated, though on a 
small scale.”
 In 1950 a group of renowned scientists (Bergmann, 
Weizmann, and Willstater) at Weizmann’s Institute of 
Science at Rehovoth, Israel, confi rmed the importance of soy 
in banishing world hunger. They developed a soy powder 
and Bergmann wrote a report about it.
 Note 1. This document contains the earliest date seen 
for soybeans in Paraguay, or the cultivation of soybeans 
in Paraguay (1921). In 1989 E.R. Alvarez-Britos wrote: 
“In 1921, Dr. Pedro N. Ciancio, considered the apostle of 
soybean cultivation in Paraguay, introduced the varieties 
Hollybrook, Manouth [Mammoth?], Pekin [Peking], and 
Shanghai, from Argentina, the USA, and Japan.”
 Note 2. Much of this book was written between 1940 
and 1942. Address: Prof., Dr., Asunción, Paraguay.

1374. Luedecke, H.; Poschenrieder, H. 1951. Weitere 
Beobachtungen und Versuche ueber die Arteinheit bei den 
Knoellchenbakterien der Leguminosen [Further observations 
and experiments on specifi city in the nodule bacteria of the 
legumes]. Zeitschrift fuer Acker- und Pfl anzenbau 94(2):133-
45. [13 ref. Ger]
• Summary: Inoculation experiments with peas, lupins, 
and soybeans grown in pots were conducted in 1939 at the 
Anhalt Experiment Station, Bernburg [in East Germany in 
1951]. The expressed sap of soybean nodules induced nodule 
formation in soybeans. Address: 1. PhD.

1375. Aprison, M.H.; Burris, R.H. 1952. Time course of 

fi xation of N2 [nitrogen] by excised soybean nodules. Science 
115(2984):264. March 7. [4 ref]
• Summary: Describes a method for determining the rate 
of fi xation of nitrogen by excised soybean nodules using 
radioactive N-15 as a tracer. Concludes: Detached legume 
root nodules fi x nitrogen. Address: Dep. of Biochemistry, 
College of Agriculture, Univ. of Wisconsin, Madison.

1376. Goss, D.L. 1952. Legumes for better farming 
Nebraska Agricultural Experiment Station, E.C. [Extension 
Circular] No. 196. 8 p. March.
• Summary: Contents: Introduction. Characteristics and 
utilization of legumes: biennial sweetclover, red clover, 
alfalfa, hairy vetch, ladino clover, birdsfoor trefoil, Korean 
lespedeza, inoculation of legumes, principal legume groups 
according to their specifi c bacterial requirements (there 
are 11 groups; the soybean group has soybeans as its only 
member), planting legumes. Suggested cropping practices (in 
eastern, central, and western Nebraska).
 When planting legumes:
 “1. Inoculate the seed with the proper bacteria.
 “2. Plant in a mellow, fi rmly packed seedbed.
 “3. Apply lime and phosphate fertilizer where needed.
 “4. Use certifi ed seed of adapted varieties.
 “5. See your county agent about current problems, the 
latest approved varieties, and how soil tests can be obtained.” 
Address: Extension Agronomist.

1377. Nitragin Co. Inc. Research Department. 1952. Seed 
treatments and inoculation for soybeans. Soybean Digest. 
March. p. 14-16.
• Summary: In the early days of soybean cultivation in 
the USA, inoculation was the only type of seed treatment 
used. “However with the advent of ‘chemical farming,’ 
the term seed treatment has assumed a multiplicity of 
meanings: 1. Inoculation with rhizobia. 2. Coating with 
fungicides. 3. Addition of insecticides. 4. Supplying any 
number of hormone or growth-promoting substances. 5. 
Seed scarifi cation. 6. Reinforcement with various nutrients 
which are considered essential for maximum early growth 
of the seedlings.” The researchers also attempted to “test 
the relative toxicity of several commercial protectants to 
different species of rhizobia.” Note: This is the earliest 
English-language document seen (March 2003) that uses 
the word “rhizobia” in connection with the inoculation of 
soybeans.
 Soybean seed was treated with standard amounts of the 
non-phenolic fungicides Arasan, Spergon, and Phygon prior 
to inoculation with wet or dry inoculant powder; relatively 
insoluble in water and containing no heavy metals, they are 
“reported to be less toxic to the rhizobia.” Photos show: 
Soybean plants treated with Nitragin only and those treated 
with Nitragin and Arasan. Two petri dishes: “Laboratory 
method of determining toxicity of seed protectant chemicals 
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to rhizobia.”

1378. Lynch, D.L.; Sears, O.H. 1952. The effect of 
inoculation upon yields of soybeans on treated and 
untreated soils. Soil Science Society of America Proceedings 
16(2):214-16. April. [4 ref]
• Summary: “Neither soil treatment or interval of time since 
the host plant had been grown had any infl uence upon crop 
response to inoculation. Even on plots which had not grown 
soybeans since 1939, inoculation did not increase soybean 
yields.”
 “Yields of both inoculated and uninoculated crops were 
greater on soils which had been treated with limestone, 
phosphate, and potash than on untreated check plots. It 
is concluded that inoculation should be practiced as an 
inexpensive insurance policy.” Address: 1. First Assistant 
in Soil Biology; 2. Professor in Soil Biology. Both: Dep. of 
Agronomy, Illinois Agric. Exp. Station, Urbana, Illinois.

1379. Lyons, J.C.; Early, E.B. 1952. The effect of ammonium 
nitrate applications to fi eld soils on nodulation, seed yield 
and nitrogen and oil content of the seed of soy beans. Soil 
Science Society of America Proceedings 16(3):259-63. July. 
[8 ref]
• Summary: Is the application of nitrogen fertilizer to well-
inoculated soybeans useful?
 “This experiment helps explain some of the variation 
in response of soybeans to nitrogen fertilizers. Rainfall and 
temperature conditions during the growing season apparently 
have a direct infl uence on the suffi ciency of symbiotically-
fi xed nitrogen for maximum yields, thus indirectly 
infl uencing the response to added nitrogen.” Address: Dep. 
of Agronomy, Illinois Agric. Exp. Station, Urbana, Illinois.

1380. Coyaud, Yves. 1952. Les possibilitiés rizicoles de la 
Guyane française [The possibilities of rice cultivation in 
French Guiana]. Agronomie Tropicale (France) 7(4):355-66. 
July/Aug. [2 ref. Fre]
• Summary: The section titled “Rotation of crops 
(Assolements)” (p. 365) discusses rotation of soybeans with 
forage plants. The soybean would be interesting for use in 
rotations if varieties could be found that are adapted to the 
climate and day-length. The Dutch at Paramaribo [Suriname] 
are presently conducting trials and selections using the white 
soybean variety Lawoe which has a maturity of 85 days, and 
on the hybrid variety Ringgit. Soybeans grown for the fi rst 
time on certain land should be inoculated to facilitate the 
formation of nodules.

1381. Agricultural Gazette of New South Wales. 1952. 
Legume inoculation–What it is and how it works. 
63(10):663-64. Dec. 1.
• Summary: Contents: Inoculation (Unless the appropriate 
bacteria are in the soil, no nitrogen fi xation can take place). 

Right kind of bacteria. When to inoculate. Easy to use; small 
cost. Where to obtain (From the Chief Biologist, Department 
of Agriculture, Box 36, G.P.O., Sydney. Indicate legume 
to me sown and include payment with order). Varieties 
of legume bacteria (seven groups; soybean is alone in its 
group). For legume plants only. Necessity for superphosphate 
and lime. Sow superphosphate and inoculated seed 
separately. Use carefully with seed dusts. Cultures are alive. 
What to expect from inoculation.
 The roots of leguminous plants contain many small 
nodules. “Each nodule contains millions of microscopic 
bacteria which are of special value to the farmer” since they 
“can obtain nitrogen directly from the air for the benefi t of 
the leguminous plants... This process is known as nitrogen 
fi xation and plays an important part in maintaining soil 
fertility.”

1382. Borrero, A.P. 1952. Contribución a la inoculación 
bacteriana de semillas de soya [Bacterial inoculation of 
soyabean seed]. Acta Agronomica (Palmira, Colombia) 
2(1):53-72. [15 ref. Spa]*
• Summary: In studies of soybean inoculation in the tropics, 
this practice was found to be necessary if good yields were 
to be obtained from soils which had not previously grown 
this crop. Experiments in sand, in the greenhouse, and in the 
fi eld showed that there is a loss of vitality in the root nodule 
bacteria when soyabeans are grown for a second and third 
time in succession in the same soil. This loss is expressed in 
the formation of numerous abnormal, swollen lateral roots 
and of abnormal nodules. Either there should be a change 
of crop via crop rotation or the second and third sowings 
should be accompanied by re-inoculation. Address: Univ. of 
Palmira, Colombia.

1383. Vojinovic, Zivota. 1953. Nitragin- efi kasno sredstvo 
za povecanje prinosa soje i popravljanje azotnog bilansa 
zemljista [Nitrogen: An effi cient means for increasing the 
yield of soybeans and for improving the nitrogen balance of 
the land]. Poljoprivreda (Agriculture) (Belgrade, Yugoslavia) 
1(1):34-35. March. [Scc]
Address: Yugoslavia.

1384. Whyte, R.O.; Nilsson-Leissner, G.; Trumble, H.C. 
1953. Legumes in agriculture. FAO Agricultural Studies No. 
21. 367 p. April. [97 ref]
• Summary: Contents: Part I. 1. Economic botany of 
legumes. 2. Ecological and biotic relationships. 3. Relation 
to soil fertility. 4. Alternate Husbandry. 5. Association with 
grasses. 6. Use as animal feed. 7. Tropics and sub-tropics. 8. 
Poisonous plants and weeds. 9. The signifi cance of symbiotic 
nitrogen fi xation. 10. Plant introduction and exploration. 11. 
Adaptation, strain variation and breeding. 12. Investigation 
and testing of improved strains. 13. Production of seed.
 Soyabeans and the genus Glycine are discussed in detail 
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on pages 275-78; they are grown in the Philippines, Siam, 
India, the East Indies, Natal, Transvaal, Argentina (incl. 
the northeastern province of Corrientes), Uruguay. “The 
most widespread species is Glycine javanica (East Indies, 
Manchuria, tropical Asia, Abyssinia [Ethiopia], tropical 
East Africa, and parts of South Africa). In Queensland, 
this perennial slender species is an outstanding slender 
legume among more recent introductions, possessing 
all the characteristics of a good pasture species, since it 
makes good growth, is palatable, and seeds prolifi cally. 
It has also shown great promise in Paraguay. In Africa, it 
is an excellent substitute for kudzu with similar climatic 
requirements. It does not yield so much, but sets seeds 
readily and is therefore easier to propagate... Glycine falcata 
is a herb occurring in the semi-arid grasslands of Queensland 
and is considered a promising pasture plant. It produces 
underground pods.”
 Soyabeans are discussed briefl y at a number of countries 
where they are grown, including in the tropics and sub-
tropics. In Jamaica (p. 105), soyabeans are recommended in 
a 1-year rotation with maize in higher lands with terra rossa. 
In Nicaragua (p. 108) soyabeans appear to be well adapted. 
In El Salvador (p. 108-09) the National Centre of Agronomy 
recommends soyabeans as a source of fodder. In Northern 
Nigeria (p. 119) the soyabean is used as young green 
fodder; its composition is given. In South Africa (p. 138-
39) soyabeans have been well-established since 1926, when 
A.R. Saunders at Potchefstroom began a breeding program. 
“Hitherto, soyabean production has been approximately 
700 short tons per annum. Imported and locally produced 
seed are used in the diet of native mine labourers and more 
particularly by convalescents. The oil content is too low for 
profi table extraction by ordinary crushing methods which 
leave about 6 per cent of oil in the cake. Facilities for the 
solvent extraction and fractionation of vegetable oils have 
led to a greater demand for soyabeans.
 “Soyabeans are frequently grazed or used as hay... It 
is an important hay crop, but diffi cult to cure.” Apart from 
lupins (Lupinus albus, L. luteus, and L. angustifolius) planted 
in late summer, soyabeans are the best annual legume used at 
the Dohne Research Station.
 In Madagascar (p. 142-43) soyabeans have given 
good results at the Station agronomique du Lac Alaotra. In 
Pakistan, in East Bengal (p. 145) soyabeans are being grown 
on an experimental basis. A number of improved varieties 
have been developed and are being distributed to growers. 
In Burma (p. 148) and in Thailand (p. 149) soyabeans are 
cultivated.
 “Plant introduction in Australia (C.S.I.R.O.): Almost 
immediately after the establishment of the Division of Plant 
Industry (then the Division of Economic Botany) in 1928, 
a Plant Introduction Section was formed to rationalize the 
introduction and testing of plants for all parts of Australia.
 Among the many other plants discussed are peanuts 

(Arachis, p. 254-55), milk vetches (Astragalus, p. 255, 
incl. Genge), Derris (= Deguelia, p 268), kudzu (Pueraria, 
p. 317-21), including long sections on regular kudzu (P. 
thunbergiana = P. hirsuta = P. triloba = Dolichos japonicus 
= Pachyrhhizus trilobus) and on tropical kudzu or puero (P. 
phaseoloides = P. javanica), and Voandzeia (the Bambarra 
groundnut, Madagascar peanut, Juga bean or earth pea; 
Voandzeia subterranea is a native of Africa). Address: Plant 
Production Branch, Agriculture Div., FAO, Rome, Italy.

1385. Weber, C.R. 1953. Guide to higher soybean yields. 
Iowa Agricultural Extension Service, Pamphlet No. 202. 4 p. 
May.
• Summary: Grow the best variety for your region. Plant 
in narrow rows, 21 to 24 inches apart. Kill the weeds early. 
Plant the seeds about 1 inch apart in a row. Plant in May. 
Inoculate seed before planting. Harvest properly.
 Note: This is the earliest document seen (Aug. 2009) 
that mentions “narrow rows,” and the earliest document seen 
(Aug. 2009) stating that planting soybeans in narrow rows 
gives higher yields. Address: Assoc. Prof. of Farm Crops, 
Iowa State College, and agronomist USDA.

1386. Allen, Ethel K.; Allen, O.N.; Newman, A.S. 1953. 
Pseudonodulation of leguminous plants induced by 2-bromo-
3,5-dichlorobenzoic acid. American J. of Botany 40(6):429-
35. June. [15 ref]
• Summary: “During the past decade considerable attention 
has been given to the growth-regulatory properties of diverse 
chemical compounds. In 1946 the growth-inhibitory of more 
than 1,000 compounds was compared with the activity of 
2,4-dichlorophenoxyacetic acid in bio-assay tests developed 
at Camp Detrick (Thompson et al., 1946).” Address: Dep. of 
Bacteriology, Univ. of Wisconsin, Madison 6, Wisconsin.

1387. Muller, H.M. 1953. Soybean production. Farming in 
South Africa 28(238):245-48. July. [2 ref]
• Summary: Contents: Introduction. Description of the plant. 
Climatic requirements. Soils and fertilizers. Inoculation. 
Soybeans in rotations. Soil preparation. Planting time. 
Method of planting. Seed treatment (with a protectant; do not 
use protectants containing mercury since they are poisonous 
to nitrogen-fi xing bacteria in inoculants). Harrowing, 
cultivation, and weeding. Varieties. Harvesting. Seed yields 
(vary from 42 bags per morgen on irrigated land to 8-25 bags 
per morgen on dry weight. [One morgen = 2.1165 acres; one 
bag weighs 200 lb.]). Harvesting for hay and silage. Yields 
for hay and silage material (For green silage material, it is 
estimated that, depending on variety and spacing, one ton 
can be obtained for every 300 lb of seed, or 5-13 tons of hay 
per morgen). Utilization of soybeans. Acknowledgement.
 Photos show: (1) Soybean seedlings with broken 
“necks” when the soil in the rows has been compacted, and 
also as a result of wide spacing. (2) Nodules formed on 
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soybean roots. (3) Soybeans being harvested with a combine. 
(4) A man standing in a fi eld of a hay type of soybean at 
Potchefstroom; it grew to a height of 4 feet. Address: College 
of Agriculture and Experiment Station, Potchefstroom.

1388. Peric, -; Modric, Adela; Mihalic, Vladimir. 1953. 
Istrazivanja sa inokulacijom soje [Investigations with the 
inoculation of soybeans]. Zemljiste i Biljke (Field and 
Plants) 3(1/3):43-57. [Ser]*
Address: Yugoslavia.

1389. Saric, Zora. 1953. Uticaj nitraginizacije na povecanje 
prinosa soje [The effect of nitrogenization on increasing 
the yield of soybeans]. Zemljiste i Biljke (Field and Plants) 
2(1):157-68. [Ser]*
Address: Yugoslavia.

1390. Williams, L.F.; Lynch, D.L. 1954. Inheritance of a 
non-nodulating character in the soybean. Agronomy Journal 
46(1):28-29. Jan. [4 ref]
• Summary: The authors reported a mutant soybean variety 
unable to produce nodules on its roots. This variety will 
not nodulate no matter how effectively it is inoculated with 
nitrogen-fi xing bacteria.
 They also recognized a single recessive gene that 
prevents nodule formation; subsequent incorporation of 
this gene by backcrossing to provide nodulating and non-
nodulating isolines provides another research tool in N 
fi xation studies.
 “Review of the Literature: In 1934, Woodworth and 
Sears (4) observed that the Peking variety of soybeans 
was sparsely nodulated, whereas the Illini variety bore an 
abundance of nodules. Nodulation observations on F1, F2, 
and F3 plants from a cross between these two varieties 
indicated that the differences in nodulation of the two 
varieties were inherited, but no simple type of inheritance 
was found.
 Note 1. This is the earliest document seen (Nov. 2018) 
that mentions the word non-nodulating in connection with 
soybeans.
 Note 2. This is the earliest document seen (Nov. 2018) 
that mentions the word “mutant” in connection with nitrogen 
fi xation in soybeans. Address: Dep. of Field Crops, Missouri 
Agric. Exp. Station.

1391. Department of Field Husbandry, Ontario Agricultural 
College, Guelph. 1954. Soybeans as a cash crop in Ontario. 
Ontario Department of Agriculture, Circular No. 173 
(Revised ed.). 7 p. April.
• Summary: Contents: Production, price and gross returns 
per acre on selected crops in Essex and Kent counties, 
1946-1950 average (grain corn gives the highest gross 
returns, followed by soybeans). Outlook for 1954. Cultural 
practices with the soybean crop: Inoculation, planting date, 

soil, rotations and fertilizers, row widths (20-28 inches 
recommended), rate of seeding, methods of seeding, depth 
of planting, weed control, harvesting, varieties (in each of 5 
climatic zones, and early, medium, or late within each zone; 
A map shows the 5 zones and all counties in Ontario. Zone 
1, the warmest, is Essex County and most of Kent County), 
source of seed, storage, marketing. Address: Ontario, 
Canada.

1392. Aprison, M.H.; Magee, W.E.; Burris, R.H. 1954. 
Nitrogen fi xation by excised soy bean root nodules. J. of 
Biological Chemistry 208(1):29-39. May 1. [15 ref]
• Summary: Early attempts to demonstrate nitrogen fi xation 
by excised legume nodules were all unsuccessful.
 “Consistent evidence of fi xation of nitrogen by excised 
nodules was fi nally obtained (5) by rapid exposure of fi eld-
grown soy bean nodules to as isotope of N2 and analysis 
of only their acid-soluble portion. The time-course of the 
fi xation made it extremely unlikely that the fi xation arose 
from bacterial contamination.
 “This paper describes further studies undertaken to 
clarify the fi xation process in excised nodules.”
 Fixation is reduced in sliced nodules and absent in 
crushed nodules. Address: Dep. of Biochemistry, College of 
Agriculture, Univ. of Wisconsin, Madison, WI.

1393. Evans, Harold J. 1954. Diphosphopyridine nucleotide-
nitrate reductase from soybean nodules. Plant Physiology 
29(3):298-301. May. [10 ref]
• Summary: The soybean is the main legume species 
discussed. Nitrate reductase can be obtained from soybean 
leaves. “Summary: Cell free extracts of soybean nodules 
have been prepared which catalyze the reduction of nitrates 
to nitrites in presence of reduced diphosphopyridine 
nucleotide. The enzyme activity is strongly inhibited by 
sodium azide and cupric sulfate and weakly inhibited by 
potassium cyanide. Initial purifi cation procedures have 
resulted in a fi ve-fold increase in specifi c activity. It was 
shown that nitrate reductase is present in all of the eleven 
samples of nodules tested, from four different legume 
species. Results are discussed from the standpoint of the 
requirement of molybdenum for both nitrate reduction and 
nitrogen fi xation, and it is concluded that there is ample 
indirect evidence to consider the possibility of a role of 
nitrate reductase in nitrogen fi xation.” Address: North 
Carolina State College, Raleigh, North Carolina.

1394. Richmond, Jonas E.; Salomon, K.; Caplin, S. 1954. 
Biosynthesis of hæmin in soy-bean nodule homogenates. 
Nature (London) 174(4418):34-35. July 3. [3 ref]
• Summary: “It has been shown that root nodules 
of leguminous plants contain a haemoprotein with a 
prosthetic group indistinguishable from protohaemin IX of 
haemoglobin (1). Elucidation of the mechanism of formation 
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of this pigment in plant material should broaden our 
knowledge of biosynthetic reactions leading to the formation 
of porphyrins, and make it possible to compare haemin 
synthesis in plant and animal tissues.” Address: 1-2. Depts. 
of Biochemistry and Radiation Biology; 3. Dep. of Biology. 
All: Univ. of Rochester, Rochester, New York.

1395. Arikado, Hiroki. 1954. Different responses of soybean 
plants to an excess of water with special reference to 
anatomical observations. Nippon Sakumotsu Gakkai Kiji 
(Proceedings of the Crop Science Society of Japan) 23(1):28-
36. Sept. [43 ref. Eng]
• Summary: Deals with the effect of soil moisture on the 
development of the aërenchyma and adventitious roots, 
Compares wild and cultivated soybeans.
 This article begins: “The writer reported previously 
that Tsurumame, Glycine usuriensis is much more tolerant 
against excess-moisture injury than Kurosengoku, G. hispida 
(1), and, that a conspicuous aerenchyma, which is originated 
from the secondary meristem homologous with phellogen, 
has spread over the periderms of the stem, hypocotyl, roots, 
and nodules of Tsubumame growing wild under swamp 
conditions (2). He further reported on an aerenchyma derived 
from the fundamental meristem in the rice plants (3). The 
present paper deals with the effect of soil moisture on the 
development of the aerenchyma and adventitious roots with 
special reference to anatomical observations, and its relation 
to tolerance against excess-moisture injury in soybean plants. 
Before proceeding further the writer wishes to express his 
hearty thanks to Drs. S. Ueda and M. Yamasaki for their 
giving him many encouraging suggestions.” Address: 
Faculty of Agriculture, Mie Univ. [Japan].

1396. Boletim de Agricultura, Departmento de Producao 
Vegetal (Belo Horizonte). 1954. Soja: Inoculacao com 
Rhizobium comercial [Soya: Inoculation with commercial 
inoculum]. 3(11/12):91-95. Nov/Dec. [Por]
• Summary: Commercial inoculants tested include Legume-
aid, Nitragin, a pure-culture inoculum, and pulverized 
nodules. Address: Brazil.

1397. Barnhart, Floyd. 1954. Soybeans. Caruthersville, 
Missouri: Published by the author. xii + 290 p. Illust. Index. 
23 cm.
• Summary: Contents: Preface. 1. Where are soybeans 
produced? 2. Varieties of soybeans in the U.S. 3. Preparing 
soil for planting. 4. Fertilizing soybeans. 5. Planting 
soybeans. 6. Inoculation: The function of legume bacteria, 
groups of legume bacteria, types of commercial cultures, 
the commercial-inoculant method of inoculating legumes, 
the need and purpose of inoculation, conditions which affect 
legume bacteria, the economic considerations of inoculating 
soybeans.
 7. Cultivation. 8. Harvesting for beans (mostly with a 

combine). 9. Storing soybeans. 10. Insects. 11. Diseases of 
soybeans. 12. The place of soybeans. 13. Prices, distribution, 
uses, and adaptation factors for soybeans in the U.S. 14. 
Marketing soybeans. Appendix.
 Note: The author, who holds a masters degree in 
education in agriculture, has written and published a similar 
book on cotton. Address: Vocational agriculture instructor, 
Caruthersville, Missouri.

1398. INEAC. 1954. Soja [Soybeans]. Institut National 
pour l’Etude Agronomique du Congo Belge, Rapport Annuel 
(Bruxelles) 507 p. For the year (l’exercice) 1953. See p. 145-
46, 358-59. [Fre]
• Summary: Investigations on soybeans are reported from 
various INEAC stations.
 The section titled Division of Agrology (p. 133+) 
describes (p. 145-46) a trial conducted to study the toxicity to 
Rhizobium bacteria of fungicides based on mercury, copper, 
or zinc (Ceresan, Granosan, Spergon, etc.); all the fungicides 
tested were found to adversely affect the inoculation of 
soybean seed with Rhizobium.
 The section on the Experimental Station of Kitaka 
(p. 355+) discusses (p. 358-59) a soybean variety trial in 
the second growing season; 3 strains of K.92 and Otootan 
yielded best.
 Peanuts (Arachides), bambarra groundnuts (Voandzou; 
Voandzeia subterranea), rice, maize, and Job’s tears (coix) 
are also discussed in this annual report.

1399. Grasslands Agricultural Research Station, 
Marandellas. 1954? Annual report for the year ending 
30th September, 1953. Report of the Federal Ministry of 
Agriculture, Southern Rhodesia p. 18-20. Undated. [7 ref]*
• Summary: In trace element and fertilizer trials with 
soybeans, the compounds were applied at sowing. Some 
seeds were inoculated before sowing with cultures from the 
Waite Institute, Australia. Inoculations resulted in an increase 
in most desirable parameters.
 Note: The Grasslands Research Station is located 3.5 
miles northwest of Marandellas [later renamed Marondera] 
in Southern Rhodesia.

1400. Allos, H.F.; Bartholomew, W.V. 1955. Effects of 
available nitrogen on symbiotic fi xation. Soil Science Society 
of America Proceedings 19(2):182-84. April. [10 ref]
• Summary: Application of nitrogen fertilizer usually 
reduces nodulation and nitrogen fi xation in soybeans. 
Address: 1. Graduate Asst.; 2. Assoc. Prof. of Soils. Both: 
Iowa Agric. Exp. Station, Ames.

1401. Hodge, W.H.; Erlanson, C.O. 1955. Plant introduction 
as a federal service to agriculture. Advances in Agronomy 
7:189-211.
• Summary: A comprehensive review of the literature on 
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soybean breeding and management. The fi rst such treatment 
since Piper and Morse’s classic book, The Soybean (1923).
 Contents: 1. Introduction. 2. Production and distribution: 
In the world, in the United States. 3. Disposition and 
utilization. 4. Physiology of the soybean plant: Floral 
initiation (varietal differences, duration of dark and 
photoperiods, light intensity and photosynthesis, age and 
position of induced tissue, temperature effects), nutrition 
(nitrogen, phosphorus, major cations, micronutrients), root 
temperatures. 5. Effect of climate and location: Location and 
season effects, simulated hail damage.
 6. Effect of cultural practices: Rotations, fertilizers and 
soil management (response, placement), seed inoculation, 
seed germinability (viability, disinfectants and protectants, 
hormones), time of planting, method and rate of planting, 
weed control, harvesting. 7. Genetics and cytology: Genetic 
analysis of simply inherited characters, linkage, analysis of 
yield components, inheritance of oil and protein content, 
polyploidy, interspecifi c crosses. 8. Variety improvement: 
Introduction and selection, hybridization (making the cross, 
breeding methods, early generation testing), new varieties, 
experimental techniques. 9. Effect on soils: Erosion, soil 
productivity. 10. Disease and insect pests: Diseases (stem 
diseases, root and crown diseases, foliage diseases, control), 
insects. 11. Regional approach to soybean research (U.S. 
Regional Soybean Laboratory).
 Considerable impetus was given to agronomic research 
on soybeans by the organization of the regional laboratory. 
Of great immediate importance were the regional variety 
tests, organized and carried out by the agronomy section of 
the laboratory. Regional evaluation soon revealed the merits 
of certain varieties such as Chief, Earlyana, Gibson, Patoka, 
Boone and Viking; these were distributed to farmers by the 
states to which the varieties were best adapted.
 Regional cooperative testing turned out to be a powerful 
new tool which clarifi ed the results and shortened the total 
testing time by up to one-third. The program led to the 
development and distribution of several superior varieties 
such as Lincoln, Hawkeye, Adams, Monroe, Wabash and 
Ogden. Part of the program was to increase the oil content of 
new varieties.
 Soon research on soybean diseases was closely 
integrated with the breeding program to facilitate the 
development of improved, disease-resistant varieties. 
“Although the pathological investigations are relatively 
new, much progress has been made in the identifi cation 
of pathogens, the determination of the relative damage 
attributable to the various diseases, the search for resistant 
host germ plasm, transmission of the parasites, and control 
measures.” These cooperative pathological investigations 
will, no doubt, contribute greatly toward sustaining high 
production of soybeans in the United States. Address: 
USDA, Beltsville, Maryland.

1402. Ikeda, Hiroshi. 1955. [Histological studies on the 
root nodules of soy bean]. Kagoshima Daigaku Nogakubu 
Gakajutsu Hokoku (Bulletin of the Faculty of Agriculture, 
Kagoshima University) 4(4):54-64. Nov. [9 ref. Jap; eng]
• Summary: “1. The entry of the nodule-forming bacteria is 
usually effected through the root hairs or regular epidermal 
cells. The tip of the infected root hair usually bends over in 
a characteristic manner, but this is not always the case; when 
infected at the tip, for example, the curvature does not occur.
 “2. Immediately after the invasion of the bacteria, the 
base of the infected root hair or epidermal cell becomes 
greatly enlarged (i.e. hypertrophy), vacuolated and clear. 
This state may be recognized as a trace even at the full-
grown stage of the nodules.
 “3. The bacteria migrate to the fi rst layer of cortex 
adjoining the infected part, but fail to penetrate deeper. So 
far as the author’s investigation was concerned, no infection 
strand (Bieberdorf) was discovered at all throughout the 
developmental period.
 “4. The sub-epidermal cells, immediately after the 
invasion of the bacteria, commence a very active cell 
division, amitosis. In the uninfected meristematic tissue, the 
nuclei also exhibit an amoeboid appearance, consequently 
multinuclear cells are frequently observed during the early 
stage of development.
 “5. The infected sub-epidermal cells which continue to 
divide and enlarge are the original cells of the bacteroidal 
tissue. The fi rst and second layers of uninfected cortical 
cells surrounding the original cells divide very actively also 
and become a meristem (the inner meristem). At the same 
time, cortical parenchymatous cells between the protoxylem 
point and the infected area divide and form the new walls 
parallel to the radius of the root, procambium strands. These 
processes occur at stage 1 (within 5 days after germination).
 “6. Outside the three meristems above mentioned, 
another meristem (the outer meristem) is produced at stage 
2 (within 8 days after germination), issuing from epidermal 
and cortical perenchymatous cells surrounding the inner 
meristem.
 “7. The fi rst layer of infected cortical cells, the inner 
meristem, and the outer meristem give rise to the bacteroidal 
tissue, the cortex of the nodule, and the cork-cambium and 
epidermis of the nodule, respectively. The structure of nodule 
is almost accomplished at stage 3 (within 16 days after 
germination).
 “8. At stage 3, a layer of sclerenchyma develops in 
the cortex of the nodule, surrounding the vascular bundles 
and the bacteroidal tissue. The differentiation of the layer 
takes place simultaneously at the apex and at the base of the 
nodule, differing from an acropetal differentiation of other 
tissues.
 “9. No relation between the position of the origin of 
the nodules and of the protoxylem points of host plants was 
observed.
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 “10. It is not always that an infected area gives rise to 
a nodule; a nodule in appearance may be formed of two or 
more infected areas; the nodule becomes irregular in shape, 
due to the approach of infected areas.
 “11. In the root nodules of soy beans, two kinds of the 
vascular bundle are distinguished; one connects the nodule to 
a protoxylem point, and the other is branched and completely 
surrounds the bacteroidal tissue. The connecting vascular 
bundles are formed of procambium strands, the fi rst sign of 
which is a radial division of cortical parenchymatous cells 
at the situation already mentioned just at the stage 1 when 
the infected cells are sub-divided into fi ve or six, and its 
connection to the protoxylem point is completed at stage 
2. On the other hand, the branching vascular bundles are 
produced from procambium strands differentiated acropetally 
from the cortical parenchyma of the nodule in the latter 
term of stage 2. The maturation of vascular tissues proceeds 
acropetally after stage 3.
 “12. The vascular bundles of the nodules are of 
an ectophloric concentric bundle type, having several 
scalariform vessels in centre.” Address: Laboratory of Crop 
Science.

1403. Soybean Digest. 1955. Soybean Digest is 15 years old. 
Nov. p. 8-9. See also Dec. 1955, p. 7.
• Summary: “The Soybean Digest is 15 years old this month. 
The fi rst issue appeared in November 1940.
 “Fifteen years ago this past August the American 
Soybean Association decided to establish an offi cial monthly 
publication at its annual convention at Dearborn, Michigan. 
One purpose was to publish the proceedings of Association 
conventions.
 “But some Association leaders foresaw a much larger 
role for the Digest. They thought it could become the voice 
of an entire industry. We believe it has.
 “This magazine was born in the early days of World 
War II when a hungry world was beginning to cry for fats 
and proteins–and offering the comparatively new soybean 
crop a challenge and an opportunity. And it was pushing the 
American Soybean Association into broader fi elds.
 “In 1940 the nation had already produced a 90-million-
bushel soybean crop, and was soon to produce a 100-million-
bushel crop. By the war’s end the annual crop was almost 
200 million bushels.
 “Some men thought the soybean would slip back to 
a place of minor importance as soon as the war was over. 
Instead, the really tremendous growth of the crop and 
industry was about to begin. The 1955 crop of soybeans is 
almost double the 200 million bushels of 1946, and nobody 
now believes we have reached the peak!
 “There is good evidence that the fact that the soybean 
has now reached an unchallenged position as the leading 
producer of the nation’s vegetable fats and proteins has been 
due to the leadership within the Association and the industry. 

It could have been otherwise.
 “The Soybean Digest is proud to have been a part of this 
growth.
 “Plastic Fords were creating a sensation when the Digest 
was founded. (Editor Strayer was soon to observe soberly 
that plastics were consuming less than ½% [= half of 1%] of 
the soybean crop.)
 “The Digest carried an article the fi rst year on the use 
of soy fl our by the German fi ghting forces–Hitler’s secret 
weapon. Hitler’s legions have long since descended into 
dust. But soy fl our is an even better food fortifi er now than it 
was in 1940.
 “Indiana was starting a soybean yield contest, one of 
the best and fi rst. Illinois University’s G.L. Jordan was 
predicting a 90¢ average price for 1940-crop soybeans.
 “The Ogden and Chief soybean varieties were 
announced.
 “Some of the fi rst year’s headlines are reproduced on 
this month’s front cover.
 “Growth of the Soybean Digest during its fi rst 15 years 
is well shown by the accompanying pictures of the increasing 
staff.
 “The Digest was only 16 pages in size the fi rst year. 
Since, there have been 72 pages in some regular issues, and 
up to 132 pages in convention issues.
 “The magazine has received heart-warming support over 
the years. A surprising number of fi rst advertisers are still 
with us, as shown in the accompanying list. One, Seedburo 
Equipment Co., has carried its message in each issue of the 
Digest ever published.
 “We do not have a similar list of the early readers who 
are still with us. Their number also might be a surprise.
 “We value equally the subscribers and advertisers who 
have joined us in recent years. We are deeply grateful to all–
oldtimers and newcomers. Without them there could not be a 
Soybean Digest.”
 A sidebar shows: “First Year Advertisers Still with the 
Soybean Digest:
 “Ralston Purina Co.
 “Urbana Laboratories
 “Central Soya Co.
 “Nitragin Co.
 “Archer-Daniels-Midland Co.
 “Glidden Co.
 “Spencer Kellogg & Sons, Inc.
 “J.I. Case Co.
 “Seedburo Equipment Co.
 “National Association of Margarine Manufacturers
 “Agricultural Laboratories
 “V.D. Anderson Co.
 “A.E. Staley Manufacturing Co.
 “Albert Dickinson Co.
 “Quincy Soybean Products Co.
 “Iowa Milling Co.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   646

© Copyright Soyinfo Center 2018

 “Skelly Oil Co.
 “French Oil Mill Machinery Co.
 “Dannen Mills, Inc.
 “Allied Mills, Inc.
 “John Deere & Co.
 “Allis-Chalmers Manufacturing Co.
 “William H. Banks Warehouses, Inc.”
 A large red graph, from 1925 to 1955, across the top of 
page 9 shows: “Rapid as was the growth of the Soybean crop 
before the Digest was founded, it has been much more rapid 
since.” However there was a basic problem with this graph. 
A correction, published in the Dec. 1955 issue (p. 7) stated: 
“It should have looked like this!” Below that was the correct 
graph with this caption:
 “This is how the graph showing the growth of the 
soybean crop before and after the founding of the Soybean 
Digest on page 9 of the November issue should have 
appeared. The graph line was turned upside down and made 
it appear that there had been little expansion since 1940 
and that production had leveled out since 1947. Gremlins 
sometimes creep into the best regulated printshops! Above, 
you see the graph as it should be with the big expansion in 
the soybean crop coming in the past 15 years.”
 Photos (p. 8) show: Geo. M. Strayer, editor and founder. 
G.G. McIlroy [Ohio], former president of the American 
Soybean Assoc. [ASA] with a letter he wrote on 14 Nov. 
1940 that was sent out to members of ASA with the fi rst 
issue of Soybean Digest.
 Along the bottom of page 9 is a section titled “Growth 
of the Staff,” with small portrait photos of the following men 
and a caption for each:
 “Kent Pellett–became managing editor in 1942. R.E. 
Hutchison–became an advertising representative in 1942. 
E.E. Yeck–became an advertising representative in 1942. 
Porter M. Hedge–became Washington, DC, correspondent in 
1944. George McCulley–became business manager in 1946. 
D.C. Cobie–became director of circulation in 1952. John 
Hendrickson–became an advertising representative in 1942.”

1404. Zivkovic, Bogoslav. 1955. Nitroginizacija soje [The 
nitrogenization of soybeans]. Poljoprivreda Vojvodine 
(Agriculture of Vojvodina) 3(5):25-30. [Ser]*
Address: Yugoslavia.

1405. Burris, R.H.; Magee, W.E.; Bach, M.K. 1955. The 
pN2 and the pO2 function for nitrogen fi xation by excised 
soybean nodules. In: Biochemistry of Nitrogen. Helsinki: 
Suomalasien Tiedeakatemian Toimitkusia. See p. 190. [22 
ref]*
• Summary: Found with sliced soybean nodules that oxygen 
tensions up to 50% stimulated fi xation but that higher 
tensions were inhibitory.
 Note: This collection of papers on biochemistry of 
nitrogen and related subjects is dedicated to Antturi Ilmari 

Virtanen on the occasion of his 60th birthday, 15 Jan. 1955. 
Address: Dep. of Biochemistry, College of Agriculture, Univ. 
of Wisconsin, Madison.

1406. Bonnier, Ch.; Sironval, C. 1956. Infl uence of day-
length on nodule formation in Soja hispida by a specifi c 
Rhizobium strain. Nature (London) 177(4498):93-94. Jan. 14.
• Summary: Experiments conducted on the soybean varieties 
Capitole and Kouban 0375 show that the Rhizobium strain 
used was able to colonize the roots of plants in a 16-hour 
day, but in an 8-hour day, colonization was feeble. The 
authors conclude that the functioning of the leaves, as 
determined by daylength, infl uences nodule formation and 
the effectiveness of a specifi c Rhizobium. Address: 1. Institut 
agronomique de l’Etat à Gembloux [Belgium]; 2. Institut de 
Botanique et Centre de Recherches des Hormones végétales, 
IRSIA, Liège, France.

1407. Jensen, E.H.; Lambert, J.W.; Caldwell, A.C.; 
Kernkamp, M.F. 1956. Soybeans for Minnesota. Minnesota 
Agricultural College, Extension Bulletin No. 134. 20 p. Jan. 
Revised. Earlier versions: 1934, March 1947.
• Summary: Contents: Introduction. Growing, harvesting, 
storage: Choosing the variety, seedbed preparation, 
fertilization, inoculation with nitrogen bacteria, seed 
treatment, planting (time, row spacing, rates, depth), 
weed control, harvesting, storage. Soybeans and the soil: 
Adaptation, effect on the soil (chemical, physical), cropping 
sequences. Special uses: Emergency hay crop, silage, grain 
for feed. Diseases of soybeans: Summary.
 This Extension Bulletin begins: “Soybeans were a minor 
Minnesota crop only 15 years ago. Today they rank among 
the state’s top cash grain crops. Where production totaled 
only about 800,000 bushels in 1940, more than 45 million 
bushels were produced in 1955. The same period saw a shift 
in emphasis in soybean production. Three-quarters of the 
1940 acreage was grown for hay. All but an insignifi cant part 
of 1955’s two-and-a-quarter million acres was grown for 
seed and grain.
 “There were many factors contributing to this rapid 
expansion of soybean production in Minnesota. Some of 
them were:
 “1. Wartime and postwar needs for domestic oils.
 “2. Greatly expanded uses of soybean oil meal in 
livestock and poultry feeds.
 “3. Availability of new and improved varieties.
 “4. Realization that soybeans can be produced rather 
easily without costly additions to existing farm equipment.
 “5. Realization that soybeans can help smooth out the 
labor peaks during the production season.
 “6. The fact that soybeans can provide a cash crop which 
is often more profi table than barley, oats, or fl ax.
 “Almost all of the soybean crop, other than seed held 
back for planting, fi nds its way into the processing [crushing] 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   647

© Copyright Soyinfo Center 2018

plants.
 “Oil and meal are the two principal soybean products. 
Oil makes up a sixth or more of the bean and usually 
brings two to three times as much per pound as the meal. 
Soybeans of a high oil percentage are, accordingly, preferred 
by processors. Oil percentages will vary not only with the 
variety, but also with the location and year in which the 
soybeans are grown.
 “Much of the oil produced goes into human foods 
such as shortenings, margarines, and salad oils. There are 
important industrial uses for soybean oil, however, in paints, 
soaps, linoleum, synthetic resins, and similar products.
 “A very high proportion of the soybean meal produced 
is used for animal feeds. It is of special value because of 
its high percentage of digestible protein. Relatively small 
amounts of the meal are used in human food or in such 
industrial products as plastics, glue, and emulsifi ers.” 
Address: Minnesota.

1408. Bowen, G.D. 1956. Nodulation of legumes indigenous 
to Queensland. Queensland J. of Agricultural Science 
13(1):47-60. March. [34 ref]
• Summary: The author reports nodulation in Glycine 
clandestina Wendl., Glycine tabacina (Labill.) Bentham 
(=G. koidzumii Ohwi), and Glycine tomentella Hayata (=G. 
tomentosa Benth.) in Australia. He places the soybean in 
the group of introduced legumes of the cowpea miscellany 
nodulating naturally in various parts of Queensland. Address: 
Asst. Pathologist, Div. of Plant Industry.

1409. Cheniae, G.M.; Evans, H.J. 1956. Studies on 
nodule nitrate reductase. Plant Physiology 31(Proceedings 
supplement):x.
• Summary: Found that soybean nodule bacteria possessed 
nitrate reductase, whereas the bacteria grown in culture 
did not unless they were grown in the presence of nitrate. 
Address: Univ. of North Carolina, Raleigh, NC.

1410. Abel, G.H., Jr.; Erdman, L.W. 1956. Strains of 
Rhizobium japonicum for use on Lee soybeans in the 
Southwest (Abstract). Agronomy Abstracts. p. 16. Nov.
• Summary: A number of Rhizobium strains were tested on 
the Lee soybean at Brawley, California in 1954 and 1955. 
Address: USDA, ARS.

1411. Clark, Francis E. 1956. Should legume inoculants be 
used without added water? Seed World 79(11):12-14. Dec. 7.
• Summary: Dry inoculation at planting time is suitable 
when batches of seed exceeding 20 lb are treated under 
favorable conditions. Address: Principal Microbiologist, Soil 
and Conservation Research Branch, ARS, USDA, Beltsville, 
Maryland.

1412. Nitragin Co. (The). 1956. Only Nitragin guarantees the 

bacteria count: A big selling advantage for You! (Ad). Seed 
World 79(11):1. Dec. 7.
• Summary: This full-page orange and black ad begins: 
“People preferred guaranteed products. That is one reason 
why farmers buy more Nitragin every year than all other 
legume seed inoculants combined... Only Nitragin guarantees 
13 billion bacteria per bushel of seed.”
 A photo shows a farmer mixing something into a gallon 
jar of molasses and his son holding a large can of Nitragin. 
Behind them is a cement mixer full of soybeans. Address: 
3185 W. Custer Ave., Milwaukee 9, Wisconsin 53209.

1413. Raggio, Miguel; Raggio, Nora. 1956. Relación entre 
cotiledones y nodulación y factores que la afectan [The 
relationship between cotyledons and nodulation and factors 
affecting it]. Phyton (Buenos Aires, Argentina) 7(2):103-19. 
[30 ref. Spa; eng]
• Summary: “In both soybean and black wax bean 
nodulation was obtained in light-grown and etiolated whole 
plants or plants bearing only the cotyledons when grown 
in a nitrate-free inorganic liquid medium, under aseptic 
conditions.
 “With the strains used, nodulation occurred on main and 
lateral roots in soybean, but almost entirely on lateral roots 
in black wax bean. The presence of nitrate in the medium 
proved extremely depressing to the nodulation of etiolated 
seedlings of both species. In light, the nodulation of soybean 
showed a lag but no signifi cant inhibition in the number 
of nodulated plants, although the number of nodules per 
nodulated plant was decreased. In soybean, there was also a 
shift of nodulation to the lateral roots when inoculation was 
made in fi ve-day old seedlings, but not when inoculation was 
made in the seed. Light-grown black wax beans behave in 
the same manner as the etiolated plants with respect to nitrate 
inhibition. The difference in the response to nitrate of light-
grown plants bearing only the cotyledons of the two species 
is explicable on the basis of the difference in permanence of 
the cotyledons in soybean and black wax bean.
 “Addition of 2 per cent sucrose to the nitrate-free 
or nitrate-containing media caused intense inhibition of 
nodulation under all conditions tested.” Address: Domus 
Plantarumm Gaspar Campos 841, Vicente López, FMGBM, 
Argentina; Dep. of Botany, Univ. of California, Berkeley.

1414. Bhide, V.P. 1956. Cross inoculation studies with 
some rhizobia of the cowpea group. Indian Phytopathology 
9(2):198-201. [8 ref]*
• Summary: Root nodule bacteria belong to various groups, 
such as the cowpea group. Soybean was nodulated by 
organisms from members of the cowpea group indicating 
that cross-inoculation between the cowpea and soybean 
groups is possible.
 In India, Phaseolus radiatus is called udid; sunn-hemp 
is Crotolaria juncea. Address: College of Agriculture, Poona, 
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India.

1415. Gargantini, H. 1956. A soja–planta fi xadora do 
nitrogenio do ar atmosferico [The soybean–a plant that fi xes 
nitrogen from the atmosphere]. O Agronomico (Campinas, 
SP, Brazil) 8(5-6):7-11. [Por]*

1416. Miyasaka, Shiro; Silva, J. Gomes da. 1956. A 
inoculaçao de sementes de soja tratadas com arasan 
[Inoculation of soybean seeds treated with arasan]. Bragantia 
(Sao Paulo) 15(23):329-35. [14 ref. Por; eng]*
• Summary: Field trials were conducted at 3 localities in 
Brazil to study the compatibility of seed treatment with 
arasan with inoculation with Rhizobium japonicum using the 
soybean varieties Abura and Mogiana. Results showed: (1) 
Arasan treatment caused a slight increase in the percentage 
of germination; (2) Inoculation immediately before sowing 
signifi cantly increased both the number of nodules and seed 
yield. The authors conclude that under the conditions of 
these trials, arasan treatment does not impair the effi cacy of 
inoculation. Address: Inst. Agron., Sao Paulo, Brazil.

1417. Nyasaland Protectorate Department of Agriculture, 
Annual Report (Zomba). 1956. Soyabeans. Pt. 2. 75 p. For 
the year 1954-1955. See p. 17-19. *
• Summary: At the Tung Station, early planting, seed 
inoculation, and planting seeds in 2 rows per 6-inch ridge 
increased the yields of soybeans.

1418. Saric, Z. 1956. The adaptation of the nodule bacteria 
under natural conditions. In: Rapport, Congres International 
Sci. du sol (Paris). See: Vol. C. p. 163-67. [1 ref]*
Address: Inst. Pl. Breed. and Prod., Zemun-Polje, 
Yugoslavia.

1419. Vojinovic, Zivota; Sevic, Nada; Saric, Zora. 1956. 
Ispitivanje efekta nitraginizacije soje na razlicitim tipovima 
zemljista [An investigation of the effect of nitrogenization 
of soybeans on various types of terrain]. Zemljiste i Biljke 
(Field and Plants) 5(1/3):89-108. [Ser]*
Address: Yugoslavia.

1420. Chen, Philip S.; Chen, Helen D. 1956. Soybeans 
for health, longevity, and economy. South Lancaster, 
Massachusetts: The Chemical Elements. xii + 241 p. Illust. 
Index. 21 cm. 2nd ed. Jan., 1962, 242 p. [24 ref]
• Summary: A comprehensive review of the subject. 
Contents: Preface, by the author (South Lancaster, 
Massachusetts, July 1956). Foreword, by Geo. M. Strayer, 
Vice-President and Secretary-Treasurer, American Soybean 
Association. Introduction. Part I: Nutritive value of the 
soybean. 1. Protein (incl. Dr. Wolfgang Tiling of Hamburg, 
Germany; Dr. Harry Miller). 2. Fat (incl. phosphatides, 
sterols and hormones). 3. Carbohydrates and caloric value. 

4. Minerals. 5. Vitamins. 6. Soybeans and world population. 
7. Soybeans and disease (incl. Dr. Wolfgang Tiling of 
Germany).
 Part II: Soy products. 8. Soybean oil: Composition 
and properties, processing and refi ning, reversion, uses, 
phosphatides, margarine, mellorine (vegetable frozen 
dessert). 9. Soybean oil meal: Heat treatment, Gelsoy, Multi-
purpose Food. 10. Soy fl our: Uses, soy bread vs. enriched 
white bread. 11. Soy milk. 12. Soy cheese (or soybean 
curd, “aptly described by the Chinese as ‘the meat without 
bones’”–incl. pressed tofu sheets and yuba). 13. Soy sauce: 
Preparation of kojis, brine fermentation, production yields, 
microorganisms are available. 14. Soybean sprouts.
 Part III: Soybean culture and preservation. 15. Soybean 
culture: Two types of soybeans (commercial fi eld vs. edible 
or vegetable varieties), inoculation, fertilizer, cultivation, 
harvest. 16. Preservation of soybeans: Shelling, canning, 
freezing, dehydration, harvesting dry mature soybeans.
 Part IV: Recipes. 17. Soybeans and soybean pulp: Green 
or fresh soybeans, dry soybeans, soybean pulp (“prepared 
by pressing cooked soybeans through a coarse sieve or by 
grinding them in a food grinder”), recipes (incl. Soyburger, 
Scalloped green soybeans, and Roasted soybeans–dry roasted 
or deep-fried (p. 151). Describes how to make wheat gluten 
at home and praises monosodium glutamate for its ability to 
improve the fl avor of recipes–though its use is called for only 
in the recipe for Soyburger). 18. Soy fl our: Breads, cakes, 
cookies, pies, soups, other recipes (A recipe for Wafers, p. 
180, calls for “½ cup roasted soybeans, fi nely chopped”).
 19. Soy grits and soy fl akes. 20. Soy milk. 21. Soy 
cheese. 22. Soybean sprouts.
 Appendices: A. Soybean utilization (chart). B. 
Manufacturers and handlers of soy foods (Source: 1956 
Soybean Blue Book). C. References.
 Chapter 1, “Protein,” begins: “The soybean is best 
known for its high protein content (p. 7). It then discusses the 
work of Dr. Harry Miller (p. 14-15).
 Chapter 15, “Soybean Culture,” describes how to grow 
soybeans in a garden. Pages 126-27 discuss the two types of 
soybeans: the commercial fi eld type and the edible vegetable 
type. Five major differences between the two types are 
discussed (p. 126). The edible varieties are larger in size, do 
not yield as heavily (though they yield more heavily than 
snap beans or lima beans), are more prone to shatter as they 
near maturity in the fi eld, are superior in fl avor, texture, 
and ease of cooking, and some edible varieties are also 
superior in the manufacture of soybean fl our, soybean milk, 
roasted beans and other products. Table 31 (p. 130) lists 
eleven varieties of edible soybeans: Very early–Giant Green. 
Early–Bansei, Fuji. Midseason–Hokkaido, Jogun, Willomi. 
Late: Illington, Imperial, Funk Delicious, Emperor, Higan. 
Commercial–Illini.
 Chapter 16, “Preservation of Soybeans,” describes how 
to preserve “green soybeans” by canning, freezing, and 
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dehydration.
 Photos show: (1) A sack of Lincoln soybeans (facing p. 
1). (2) Soybean plants, showing pods and leaves (p. 3 and 
4). (3) A beam balance with a small amount of soy fl our 
balancing many animal products. “The protein value of soy 
fl our: 1 lb. of soy fl our contains protein values equal to 2 
lbs. beef, or 34 eggs, or 6 quarts milk.” Source: Health and 
Character Education Institute (p. 6). A similar photo (p. 24) 
states: “1 lb of soy fl our contains food calories equal to 3½ 
lbs beef, or 3 quarts milk, or 29 eggs. (4) Two views of a 
child. Left, suffering from marasmus. Right, after six months 
on a soy milk diet. Courtesy Dr. Wolfgang Tiling (p. 62). 
(5) A machine at the Northern Utilization Research Branch 
of USDA treating soybean oil with alkali (p. 72). (6) The 
distribution of MPF [Multi-Purpose Food] to starving Indian 
children (p. 91; Courtesy Meals for Millions Foundation). (7) 
Quaker City No. F4 grinding mill (p. 102; Courtesy Straub 
Co., 4059 Ridge Ave., Philadelphia, Pennsylvania). (8) Early 
soy cheese (tofu) production in the United States (p. 108; 
perhaps at Madison Foods). (9) The Northern Utilization 
Research Branch, Agricultural Research Service, USDA–
shows outside of the huge building (p. 113). (10). How to 
grow soy sprouts in a glass jar at home (p. 119). (11) Well 
nodulated soybean roots (p. 129; Courtesy The Nitragin Co.). 
(12) Baked soybeans in a crock (p. 144). (13) Soy fl our used 
in numerous baked products (p. 159; Courtesy ADM). (14) 
Griddle cakes [pancakes] made with soy fl our brown quickly 
(p. 173). (15) Soy peanut butter cookies (incl. peanut butter 
and soy fl our; p. 185). (16) Soy grits in a glass jar (p. 198). 
(17) Freshly-cooked crisp soybean sprouts in a raw vegetable 
salad (p. 219).
 Note 1. The fi rst printing of this book (1956) 
was dedicated “To Li Yu Ying and William J. Morse, 
The Soybean Champions of the Eastern and Western 
Hemispheres,” but by the second printing (April 1957) the 
dedication had changed “To William J. Morse and Harry W. 
Miller, The Soybean and Soy Milk Champions of Our Time.”
 The publisher of this third printing was unable to sell 
all the books printed, so Chen apparently arranged for a 
company named “Outdoor Pictures” (Box 1326, Escondido, 
California) to sell them. On the title page, Outdoor Pictures 
pasted their name and address over that of “The Chemical 
Elements.”
 Note 2. According to the National Union Catalog, 
Philip Stanley Chen was born in 1903. The back cover 
states that he was born in China and is now a naturalized 
U.S. citizen. He is a graduate of Emmanuel Missionary 
College [in Berrien Springs, Michigan] and Michigan State 
University. Before writing this, his fi rst book on diet, health, 
or soybeans, he wrote several books on chemistry: (1) The 
Chloro Derivatives of m-cresol. 1933. Easton, Pennsylvania: 
Mack Printing Co. 7 p. (Abstract of his PhD thesis, Michigan 
State College of Agriculture and Applied Science); (2) 
The Chemical Elements, Rev. ed. 1948. South Lancaster, 

Massachusetts: Chemical Elements (fold chart). (3) 500 
Syntan Patent Abstracts, 1911-1950. 1950. South Lancaster, 
Massachusetts: Chemical Elements. 125 leaves. (4) Syntans 
and Newer Methods of Tanning. 1950. South Lancaster, 
Massachusetts: Chemical Elements. 128 p.
 In 1962 Chen wrote A New Look at God, published by 
Chemical Elements (288 p.). Address: 1. Prof. of Chemistry, 
Atlantic Union College, South Lancaster, Massachusetts; 2. 
National Science Foundation Fellow, Cornell Univ.

1421. Nyasaland Department of Agriculture, Annual Report. 
1956. Soya beans. Part I. 75 p. For the year 1954/55. See p. 
17-19.
• Summary: The section titled Soya Beans (p. 17-19) states: 
“A variety trial was carried out at Chitedze [Lilongwe, 27 
varieties] and the Tung Station [at Bvumbwe] and single 
plot observations on varieties at Chitedze, Mbawa [Mzimba] 
and Tuchila [Luchenza]. Yields were very good.” The top 
yielding varieties at various stations were as follows (lb of 
clean seed per acre): Chitedze–Pelican 1,165, Light Speckled 
1,140; Tuchila–Pelican speckled 1,602; Tung Station–
Volstate 3,140, Hernon 279 3,066; Mbawa–Potchefstroom 
1,900, Glycine 317 1,750.
 A table shows the effects of various cultivation practices 
on soya beans, including two dates of planting, two row 
spacings, use of 200 lb superphosphate fertilizer per acre, 
and inoculation.
 Note: This is the earliest document seen in which the 
soybean varieties “Light Speckled” and “Hernon” are both 
mentioned. They were apparently later (by 1964) crossed 
to create several varieties each named “HLS” plus some 
number (such as HLS 147 or HLS 219). Address: Nyasaland 
Protectorate.

1422. Clark, Francis E. 1957. Nodulation responses of 
two near isogenic lines of the soybean. Canadian J. of 
Microbiology 3(2):113-23. March. [12 ref]
• Summary: “Introduction: Rhizobia which associate 
themselves with roots of leguminous plants and effect 
symbiotic nitrogen fi xation have been studied more 
extensively than any other group of soil bacteria. That the 
legume plant itself plays an active part in determining the 
occurrence of symbiosis is well established. Much of the 
information about characteristics of host plants that can be 
linked to their nodulation responses concerns nutritional 
or environmental factors that infl uence nitrogen fi xation of 
plants normally capable of forming nodules. For example, 
either lack of an essential micronutrient or excess of nitrogen 
in the substrate is known to inhibit nodulation. Finding the 
specifi c factors in plants normally incapable of nodulation 
that deter them from fi xing nitrogen might well prove to 
be an important step in extending symbiotic fi xation to 
additional species of plants.” Address: Soil and Water 
Conservation Research Branch, USDA Agricultural Research 
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Service, Beltsville, Maryland.

1423. Jennings, Dana C. 1957. Soybeans and the Soil Bank. 
Soybean Digest. March. p. 16.
• Summary: “If you’re putting any land into the Soil Bank, 
don’t forget how easy it is to make that land a fertilizer 
factory instead of just a fertility-saver. Inoculated legumes 
will make nitrogen crop food out of the air and store it for 
you. Then when you put that Soil Bank land back under the 
plow, you’ll get bigger cash crop yields.
 “Clover and alfalfa are the strongest nitrogen-fi xers, 
capturing in the neighborhood of 200 pounds of air 
nitrogen per acre per year, worth about 1,500 pounds of 
sodium nitrate. To fi x any air nitrogen, any legume must be 
inoculated.
 “If you’ve got a bushel or two of soybeans left over–
too much to throw away and not enough to keep or sell, 
inoculate them and throw them into your Soil Bank mixture. 
Although soybeans are not the strongest nitrogen-fi xers, they 
will do a surprising lot of good.
 “Plowed under as green manure (roughly equivalent 
to letting them stand unharvested on Soil Bank land) they 
compared favorably with cowpeas and with clover in 
Michigan and Connecticut studies. Corn yields jumped 45% 
in Arkansas following a plowed-under crop of soybeans, and 
cotton yields went up 48% in Mississippi (Kansas Bulletin 
306).
 “Any inoculated legume in your Soil Bank will share its 
extra nitrogen with the grasses growing with it to give you 
heavier cover for greater erosion control, rainfall absorption 
and humus buildup.”

1424. Bonnier, C. 1957. Inoculation bactérienne des graines 
de soja dans les conditions de la pratique agricole [Bacterial 
inoculation of soybean seeds under practical agricultural 
conditions]. Bulletin d’Information de l’INEAC (Institut 
National Pour l’Etude Agronomique du Congo Belge) 
6(2):87-92. April. [Fre]
• Summary: The effi cacy of inoculation with selected 
Rhizobium bacteria, specifi c for Glycine soya, was 
demonstrated in the cultural conditions of the Congo basin. 
For ecological reasons, the normal technique of inoculation 
was not practical and the inoculum used (S3.15) was 
accordingly placed in a solid form alongside the beans when 
they were planted. Differences due to inoculation appeared 
only after 25 days. Under manured conditions, the inoculated 
plants yielded 44% more nitrogen than the controls and, 
in two other trials with fertilizers, the inoculated soybeans 
yielded 245% and 220% of the nitrogen in the controls. This 
research was conducted at Yangambi (Zaire). Address: Head 
of Research at the federal Agronomic Institute at Gembloux 
[Belgium].

1425. Staff of Soybean Digest. 1957. How to whip the weed 

problem. Soybean Digest. April. p. 14-15.
• Summary: Editorial introduction: “Delaying planting until 
soil and weather are warm to give soybeans a head start 
on the weeds is most important. Repeated diskings before 
planting may not help except to fi rm seedbed. Chemicals 
work best in wet seasons when cultural methods may not be 
effective.”
 “Farmers are more concerned with weeds in soybeans 
than in corn and some other crops. Fred W. Slife, assistant 
professor in crop production at the University of Illinois, 
says ‘this concern is justifi ed because weeds are unsightly, 
cause harvesting losses, cause excessive wear of combine 
equipment, and may reduce yields by competition for plant 
nutrients.’
 “Weeds have reduced yields as much as 17% and on the 
average 3 to 4 bushels in tests conducted by C.R. Weber and 
D.W. Staniforth at Iowa State College.
 “If weeds in your fi elds cause you to delay harvesting 
until frost kills them, you may have greater shattering losses 
than you would otherwise.
 “And if you still need convincing that it is important to 
control weeds in your soybeans, remember that weed seed 
and trash in harvested soybeans are objectionable in both the 
domestic and export markets. The day is about past when 
you can make a profi t from selling weed seeds with your 
soybeans.
 “The fi rst 2 to 3 weeks are the critical period when 
soybeans need help in their battle for survival against weeds.
 “Henry W. Indyk of the University of Delaware notes 
that soybeans are excellent competitors with weeds after they 
become well established and conditions are favorable for 
rapid soybean growth. But their competitive effi ciency is low 
until they are able to form a dense ground cover between the 
rows.
 “Anything at all that will result in a vigorous growing 
crop will aid soybeans in their competition with weeds. This 
includes almost every step in production, although all are not 
directly associated with control of weeds.
 “Good rotations so soybeans won’t be grown on the 
same land every year, controlling weeds in preceding crops, 
with the use of chemicals where needed, maintaining the 
land in a good state of fertility and use of fertilizers where 
needed, the use of adapted varieties, inoculation and/or 
treatment of the seed, planting weed-free seed, planting in 
rows so the crop can be cultivated, and correct plant spacing 
in the row are all part of weed control.
 “Even though several herbicides are now available for 
use on soybeans, and they have been given at least qualifi ed 
approval by experiment stations, cultural control in the 
main is still the most effective and economical method for 
keeping down weeds in soybeans. Chemicals show promise, 
especially in situations where the weed problem is severe.
 “The mechanical steps to take are few and simple. 
Recommendations have changed little in years. They are:
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 “1–Delayed planting until soil is warm.
 “2–Disking or harrowing just before planting to kill all 
weeds that have emerged, also to prepare a fi rm seedbed. 
Soybeans require a fi rm seedbed so the drill doesn’t put them 
too deep.
 “3–Use of the rotary hoe, harrow or weeder after 
emergence (once or twice). The best implement to use 
depends on soil type.
 “4–Use of the shovel cultivator as many times as 
needed.
 “But attacking the weeds at the right time is everything. 
If the practice were as simple as the rules there would be no 
weed problem!
 “Delayed Planting: Waiting until the weather and soil 
are warm before planting is perhaps most important of all 
steps in controlling weeds.
 “Says Oliver C. Lee, extension botanist at Purdue 
University: ‘There is very little we can say about mechanical 
control of weeds in soybeans, aside from suggesting that 
growers delay planting. This will give them an opportunity 
to prepare a good seedbed and destroy any weeds before the 
beans are planted.’
 “R.G. Robinson and R.S. Dunham report that in 
Minnesota tests late planting was shown to give excellent 
weed control.
 “If you wait until the soil is warm and growing 
conditions are favorable soybeans will emerge quickly after 
planting and grow rapidly.
 “Most weed men recommend early preparation of the 
seedbed, then late planting on a fi rm seedbed so the beans 
come up quickly.
 “Says C.J. Willard, professor of agronomy at the 
University of Ohio: ‘Beans get ahead of the weeds if they 
germinate quickly. This ability of soys to outgrow weeds is 
the vital thing. Thick seeding is important in this connection. 
Beans planted thick will be 2 to 3 inches higher than thin-
planted when the latter are 4 to 6 inches high.
 “’Year after year in my chemical control experimental 
plots, even though I sow German millet and rape as 
additional weeds, I have had late planted soys control these 
and all incidental weeds to the point of very little loss-often 
with no cultivation in solid drilled beans.’
 “It has been quite standard to recommend harrowing or 
disking to kill one or more crops of weeds before planting. 
However, there may not be so much advantage for several 
diskings as had been thought. Quoting Willard: ‘My own 
feeling is that killing weeds before planting, except as an 
immediate prelude to planting, is unimportant. This reduces 
the weed seed population in the soil, but has little effect 
on the numbers of weeds this year. Each disking brings up 
plenty!’ And, Robinson and Dunham point out that under 
Minnesota conditions working the soil before planting does 
not help weeds to germinate–in fact, it may have the opposite 
effect. Purpose of the disking is to kill weeds that have 

already come up, not bring them up, and to fi rm the seedbed.
 “Robinson and Dunham recommend late planting, 
but to confi ne disking or harrowing to planting time under 
Minnesota conditions.
 “Best early planting dates for soybeans vary of course 
with the season, and range from May 15 to May 25 in the 
North to late April in the South.
 “Of course there is such a thing as delaying planting too 
long, with resulting lower yields. The point is to wait until 
the soil is warm enough to support rapid germination.
 “Rotary Hoe: After the beans emerge use the rotary 
hoe or spiketooth harrow or both. The rotary hoe should 
be operated lengthwise of the row, the harrow crosswise or 
diagonally across the row. The implements should be used 
when the bean plants are rather limp, usually in the heat of 
the day. Slife says: ‘We strongly recommend the use of the 
rotary hoe as the fi rst cultural operation, using it to break the 
crust as well as destroy the weed seeds that are in process of 
germinating.’
 “But the rotary hoe is not effective under all conditions.
 “States Dunham: ‘We go along with other soybean states 
in recommending the harrow and rotary hoe. Our greatest 
objection to the rotary hoe is that timeliness of cultivation is 
very important and often our soil is too wet or too dry to use 
the implement at the time the weeds are in the proper stage 
for uprooting.’
 “Cultivator: Timely shovel cultivation, one to three 
times, is necessary to keep down weeds. It is very important 
to destroy as many weeds as possible at the fi rst cultivation 
by getting close to the rows.
 “Harvesting will be easier if care is taken not to ridge 
the rows. Slife says the timing of the cultivations is not too 
important except that if you have a choice the soybeans 
should be cultivated after a rain rather than before it.
 “The foregoing recommendations are for soils and 
conditions where the soil can be worked readily. Growing 
beans on some bottom lands and on heavy clay soils presents 
a different set of problems.
 “On soils that are in proper condition to work during 
only short periods, and soils that should be worked as little 
as possible, timing planting to give the beans every possible 
advantage over the weeds becomes vitally important. 
Chemicals may be of real value under such diffi cult 
conditions.”
 A photo shows: “Weedy conditions like this may 
result in discounts when soybeans are sold at the elevator. 
Volunteer corn and buttonweed are especially prominent.”

1426. Deveza, Manuel Carneiro. 1957. Mais uma cultura 
para Moçambique [One more crop for Mozambique]. Gazeta 
do Agricultor (Mozambique) 9(96):140-42. May. [Por]
• Summary: This crop is the soybean. Trials conducted at 
the Embeluzi Experiment Station (Estacao Experimental do 
Umbeluzi) showed that soybeans yield from 1,800 to 2,400 
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kg/ha. Some 19 varieties were found to be good for forage, 
including Jubiltan 65, 67, and 77, Improved, Canadian, 
Charles, Laredo, Palmetto, Seminole, etc. Most soybeans 
have a long vegetative cycle, longer than 130 days. Some 13 
varieties were found to give the best yields: Nigra, Seminole, 
Creole, Biloxi, Maxum, Palmetto, Avoyelles, Otootan, etc. 
Details on cultivation and inoculation are given.
 Note: This is the 2nd earliest document seen (Aug. 
2009) concerning soybeans in Mozambique, or the 
cultivation of soybeans in Mozambique. Address: Eng. 
Agrónomo, Da Estacao Experimental do Umbeluzi.

1427. Hougen, Volorous H. 1957. The Argentine soybean 
venture. Foreign Agriculture (USDA Foreign Agricultural 
Service) 21(9):13-14. Sept. Reprinted in Soybean Digest, 
Nov. 1957. p. 15.
• Summary: There is new evidence that the soybean may one 
day join sunfl ower, cottonseed, and fl axseed as an important 
oilseed crop in Argentina.
 “This is not the fi rst effort Argentina has made to grow 
soybeans. But it is the fi rst scientifi cally planned introduction 
of the crop.
 “Past history: Soybeans have a long history of 
misfortune in Argentina, dating from around 1882. The 
end of [the 19th] century saw good results from plantings 
in La Rioja Province; and in the early 1900’s the Córdoba 
[Cordoba] Agricultural College reported successful trials. 
About this time experiments in using soybeans for fattening 
steers brought favorable results. In 1915, very large yields 
were reported in Córdoba Province. Seed was increased, and 
in 1924 the Ministry of Agriculture distributed it to farmers, 
on the theory that drought resistance and value as an animal 
feed would make soybeans a useful crop. This program did 
not, however, succeed in establishing the crop on a sound 
footing in any area.
 “In the early 1930s a commercial organization imported 
about 300 tons of soybean seed, and about 14,800 acres were 
planted. However, unsatisfactory yields led to low returns, 
which gave little incentive for continued production. In 
1941 the Instituto Argentino del Suelo [Suelo = land, soil, 
or ground] encouraged a commercial fi rm to make further 
seed imports. This fi rm sold the seed and took an option to 
buy the crops. But again production failed to come up to 
expectations, apparently because growers did not know how 
to plant and how to grow the crop. In the crop year 1942-43, 
about 12,300 acres yielded only about 117,600 bushels of 
soybeans–10.4 bushels per acre, compared with average U.S. 
yields of about 20 bushels in 1951-55.”
 In recent years, Japanese colonists in subtropical 
Misiones Province (in the far northeast, bordering Paraguay) 
have brought their own seed and “grown a few thousand tons 
for their own food.” But this area does not have the best kind 
of climate and soil for soybeans.
 “Now, however, Argentine commercial interests have 

undertaken the introduction of soybeans on a large scale. 
They believe the crop may be more profi table than cotton, 
wheat, corn, and sunfl ower in certain marginal districts.
 “The area selected for immediate development–about 
the size of Kansas–includes all of Santa Fe Province and 
parts of the adjacent Provinces.”
 “Production efforts for the 1956-57 crop centered in 
northwestern Santa Fe and western Chaco Provinces. Last 
November, although 19,000 acres had been prepared for 
planting, the season was so dry that only about 3,600 acres 
were actually planted, and much of the 1,000 tons of seed 
specially imported from the United States remain unused. 
But the expected yields of 20 to 21 bushels per acre will 
provide pure seed for planting this fall, plus some beans for 
the market.
 “It was clear to me that careful planning has gone into 
this program. Argentine agronomists and soil scientists, 
trained in the United States, are analyzing soils and climatic 
conditions in cooperation with the Ministerio de Agricultura 
y Ganadería. Economic analyses are establishing the level 
of performance soybeans must reach if they are to displace 
other crops. At the government research centers and 
experiment stations, soybean varieties are receiving careful 
tests. In 1956-57, 74 varieties were on trial in different parts 
of the country. Those performing satisfactorily will receive a 
further test in fi eld plantings.”
 “Like the varieties, the farmers themselves are carefully 
selected. Each gets not only a contract for the purchase of 
his crop, but seeds, inoculants, fertilizers, and technical 
guidance. Five times during the 1956-57 crop year, each 
grower received instruction and practical demonstration, 
covering everything from preparing the seedbed, planting, 
cultivating, and controlling diseases and insects, to 
harvesting the crop. Successful farmers are expected to help 
train others in future years.”
 A map shows Argentine soybean areas, centered on 
Santa Fe Province. Dark asterisks show permanent research 
centers. Small circles show experimental fi elds. The name of 
each is given.
 Note: This document contains the earliest date seen 
for the cultivation of soybeans in Argentina (1882). 
Unfortunately, no citation for this date is given, and we are 
not told the source of these soybeans or where they were 
grown. Address: Fats and Oils Div., FAS [USDA].

1428. Bumpus, E.D. 1957. Legume nodulation in Kenya. 
I. Exploratory fi eld experiments. East African Agricultural 
Journal 23(2):91-99. Oct. [4 ref]
• Summary: Advocates artifi cial inoculation of various 
legumes, including Lupinus albus (bitter lupin), Lupinus 
luteus and L. angustifolius (yellow and blue sweet lupins), 
and Vigna sinensis (cowpea). Glycine javanica is a legume 
that grows wild. Soya beans are not mentioned. Soy is not 
mentioned. Address: Grassland Research Station, Dep. of 
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Agriculture, Kenya.

1429. Sironval, C.; Bonnier, Ch.; Verlinden, J-P. 1957. 
Action of day-length on nodule formation and chlorophyll 
content in soybean. Physiologia Plantarum 10(4):697-707. 
Oct. [10 ref]
• Summary: Nodules were heavier, more numerous, and 
more effective when grown in long days than in short days. 
Address: Laboratoire de physiologie végétale et Centre 
des Hormones végétakes (IRSIA), Univ. de Liège, Liège; 
Instiutut agronomique de l’Etat, Gembloux. Both: Belgium.

1430. Thorogood, E. 1957. Oxygenated ferroheme proteins 
from soybean nodules. Science 126(3281):1011-12. Nov. 15. 
[2 ref]
• Summary: Describes the isolation and properties of 
ferroheme proteins from soybean nodules. Address: Dep. of 
Bacteriology, Univ. of Illinois, Urbana, Illinois.

1431. Knowles, Paul F.; Abel, George H.; Edwards, Roydon 
T.; Miller, Milton D. 1957. Soybean tips for California 
farmers. California Agricultural Experiment Station 
Extension Service, Leaf[let] No. 94. 2 p. (8 panels; quarter 
fold). Nov.
• Summary: Experimental soybean yields of 3,360 kg/ha 
have been reported in California. “These are the questions 
most commonly asked concerning soybean production [in 
California].” An answer is given after each question. “Do 
soybeans require a certain soil type? When do you plant? 
Can soybeans be grown successfully as a double crop? Do 
you need to fertilize? Is a special seedbed required? How do 
you plant soybeans? What variety should be planted? What 
is the seeding rate? Is it necessary to inoculate and treat the 
seed? How much water do soybeans require? How many 
cultivations are needed? Is it necessary to windrow? When 
should soybeans be cut for hay? What diseases and insects 
are to be expected on soybeans? How do soybeans fi t into the 
California picture? What yield nay be expected? Who will 
buy soybeans in California? What about prices?” Address: 
Univ. of California, Davis.

1432. Cheniae, George M.; Evans, Harold J. 1957. On 
the relation between nitrogen fi xation and nodule nitrate 
reductase of soybean root nodules. Biochimica et Biophysica 
Acta 26(3):654-55. Dec. [7 ref]
• Summary: “It has been reported (Evans 1954, p. 298) that 
Rhizobium cells from nodules of certain legumes contain 
a nitrate reductase. There has been no evidence, however, 
to indicate whether or not this enzyme is physiologically 
important in the nitrogen-fi xing process.”
 “From the above results, it seems clear that nodule 
nitrate reductase activity is positively correlated with 
nitrogen fi xation capacity.” Address: North Carolina State 
College, School o/Agriculture, Raleigh, North Carolina.

1433. Masefi eld, G.B. 1957. The nodulation of annual 
leguminous crops in Malaya. Empire J. of Experimental 
Agriculture 25(98):137-50. [4 ref]*
• Summary: In a 1956 trial, the degree of nodulation of 
soybeans and other crops growing in ordinary soil was very 
low compared with legumes in the temperate zone, and 
low compared with the same crops growing in some other 
tropical countries. Much higher weights and numbers of 
nodules were attained where these crops were growing in 
soils with a high water table.

1434. Bach, Michael K. 1957. Hydrazine as an intermediate 
in nitrogen fi xation. The nature and role of photosynthetic 
products on nitrogen fi xation by soybean nodules. PhD 
thesis, University of Wisconsin. 132 p. Abstracted in 
Dissertation Abstracts 17(4):737-38. [60+ ref]*
Address: Wisconsin.

1435. Bonnier, C. 1957. Symbiose Rhizobium-légumineuses 
en région équatoriale [Legume-Rhizobium symbiosis in 
equatorial regions]. Publications de l’Institut National 
pour l’Etude Agronomique de Congo Belge [INEAC] Serie 
Scientifi que No. 72. 67 p. For soya, see p. 20-21, 33, 38-39, 
42-45. [40 ref. Fre]
• Summary: Discusses trials and observations made in 
1956 during a mission to the Belgian Congo, to study 
the local Rhizobium strains and their adaptation to the 
principal legumes grown–including soybeans and peanuts. 
It was concluded that studies on the symbiotic fi xation of 
atmospheric nitrogen by legumes have great possibilities in 
Africa, especially in the Belgian Congo, where they could 
infl uence the development of agriculture signifi cantly. 
The inoculation of legume seeds with suitable Rhizobium 
strains could help in solving the problem of soil fertility. 
Address: Chef de Travaux, Institut Agronomique de l’Etat à 
Gembloux, Belgium.

1436. Whiting, Albert Lemuel. 1958. Champaign-Urbana 
Courier: Biography. Champaign-Urbana, Illinois. 2 p. 
Unpublished typescript. 28 cm.
• Summary: This detailed biographical form was fi lled out 
by Dr. Whiting in March 1958. At the time, Dr. Whiting was 
owner of The Urbana Laboratories.
 “Name in full: Albert Lemuel Whiting
 Birth place (and date): Stoughton, Massachusetts, May 
12, 1885
 Names of parents and their address: (Please give names 
even if deceased):
 “Mother’s maiden name: Morilla Frances Gould
 “Father’s name: Albert Hayden Whiting
 “Father’s vocation: Manufacturer and farmer
 “Mother’s vocation: Housewife
 “Brothers and sisters and their addresses (sisters’ given 
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names and husbands’ names)
 “Mabel Whiting, Susie Orr... Stoughton, Massachusetts
 “Hattie Lee Bailey, Randolph Massachusetts
 “Lena Clark, Oceanside, California
 “Your marriage, to whom, when and where
 “Lucille DuBois, 1914 Hennepin, Illinois
 “Your children, their birth dates and addresses
 “Elizabeth W. Colburn, Winnetka, Illinois
 “Barbara W. Frison, Englewood, Colorado
 “Your grandchildren, birth date, their parents’ names and 
addresses
 “Richard W. Colburn, Jan. 28, 1943–Mr. and Mrs. R.D. 
Colburn
 “Carol D. Colburn, Sept. 1, 1944
 “Keith W. Colburn, Jan. 4, 1948
 “Theodore W. Frison Sept. 25, 1949–Mr. and Mrs. T.H. 
Frison
 “Marilyn Claire Frison, June 6, 1951
 “Melinda Anne Frison, June 6, 1951
 “Douglas W. Frison, June 11, 1954
 “Your education (names of schools and year if 
graduated)
 “Stoughton, Massachusetts High School, 1899-1903
 “University of Massachusetts, 1904-1908, BSc
 “Rhode Island State University, 1908-1910, MSc
 “University of Illinois, 1910-1912, PhD
 “Your business, professional or working career (please 
include dates)
 “The Urbana Laboratories, Consulting and 
Manufacturing Agricultural Bacteriologists and Chemists–
Owner
 “Professor and Chief 1919-1924 University of Illinois, 
College of Agriculture and Agricultural Experiment Station
 “Professor of Agricultural Bacteriology 1924-1927 
University of Wisconsin
 “Consultant to California Packing Corporation, General 
Foods Corporation and other processing companies. 
University of Illinois
 “Your church, club, lodge or other memberships (please 
include dates of offi ces held)
 “Sigma Xi, Alpha Chi Sigma
 “Wesley Methodist Church, Urbana, Illinois
 “Masonic Lodge
 “American Association for the Advancement of Science
 “Illinois Academy of Science
 “Illinois Society of Bacteriologists
 “American Society of Agronomy
 “American Farm Economic Association
 “Vice President of Wesley Foundation, Trustee Wesley 
Foundation Trustee
 “Wesley Methodist Church
 “Rotary Club 1935
 “Important civic or other committees on which you have 
served (please include dates)

 “Director, Champaign National Bank
 “Director, Urbana Home Loan Association
 “Trustee, Urbana-Champaign Sanitary District
 “Board Carle Hospital Foundation
 “Director Modern Research Industries, Inc.
 “Director United States Yttrium, Laramie, Wyoming
 “If served in war, give dates, branch of service, unit, etc.
 “$1. a Year in World War I, National Research Council
 “Remarks covering anything that you have invented, 
discovered, built, designed, written, painted, etc.
 “Numerous bulletins for Illinois Agricultural Experiment 
Station and Wisconsin Department of Agricultural 
Bacteriology
 “Trade-marked chemical tests for soils and plant tissues
 “Events or hobbies that will prove interesting in a life 
story.
 “Movie fi lms of some 19 foreign countries. Thousands 
of 35-mm colored slides of many countries. Army and 
Navy used these in World War II before Italian and French 
invasions
 Do you have a recent photo of yourself which we may 
borrow to have a cut made for the fi les? If so, please send 
with this questionnaire [None attached].
 “Date: 3-26-58. Signature [Signed]
 “Date revised: Mar. 18, 1958, Address: 715 W. 
Delaware, Urbana, Illinois
 Resided in city since: 1910-1925, 1926 to present.
 “You are invited to call at any time to add to or revise 
this form in order to keep it up-to-date, and to send a new 
photo whenever you have one taken in the future.” Address: 
Champaign-Urbana, Illinois.

1437. Bach, Michael K.; Magee, W.E.; Burris, R.H. 1958. 
Translocation of photosynthetic products to soybean 
nodules and their role in nitrogen fi xation. Plant Physiology 
33(2):118-24. March. [22 ref]
• Summary: This article begins: “Nodules from leguminous 
plants will continue to fi x N2 into acid extractable 
compounds for several hours after they have been excised 
from the roots. The capacity of nodules to fi x N2 is decreased 
two- to fi ve-fold by slicing and is abolished by grinding the 
nodules (2).” Address: Dep. of Biochemistry, College of 
Agriculture, Univ. of Wisconsin, Madison.

1438. Sironval, C. 1958. Relation between chlorophyll 
metabolism and nodule formation in soya bean. Nature 
(London) 181(4618):1272-73. May 3. [2 ref]
• Summary: Experiments with the Illini soybean variety 
indicated that the action of daylength on chlorophyll 
content of the leaves is related in some way to daylength 
in the formation of root nodules. Address: Laboratoire de 
Physiologie et Centre des Hormones Végétales, IRSIA, 
Institut de Botanique, Liège (Belgium).
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1439. Farm and Home News (Tennessee). 1958. Profi t in 
soybean crop rests upon good practices. June 2. p. 7.
• Summary: “For more profi table production of soybeans 
some of the production practices farmers should follow are: 
Inoculation, liming and fertilization, correct planting and 
good cultural practices.
 “Soils that have not produced nodulated soybeans within 
the past fi ve years should be inoculated, H.W. Luck, U-T 
[University of Tennessee] Extension assistant agronomist, 
says. Soybeans are not inoculated by bacteria from nodules 
of any of the other commonly cultivated legumes. If 
soybeans are properly inoculated they assimilate nitrogen 
from the air. Nodule development may be retarded if 
excessive nitrogen fertilizer is used.
 “Liming and fertilization should be based on the soil 
test results from representative soil samples, Luck says. Best 
yields are usually obtained when the soil pH is 6.0 to 6.5. 
An application of 150 to 200 pounds of 0-20-20 has given 
good results of most soils of the state. Soybeans following 
a heavily fertilized crop may not respond to fertilization. 
Soybean seed are easily injured by fertilizers, therefore, 
the fertilizer materials should be placed approximately two 
inches to the side and one inch below the seed.
 “Planting rates will be determined by the percent of 
viable seed. Seed with 80 percent germination should be 
planted at the rate of approximately 15 seed per foot of row. 
Soybean seed should be placed in moist soil (not more than 
2½ inches) so they will come up quickly. When planting 
after June 1, it is important to select one of the full season 
varieties such as Ogden or Lee.
 “Cultivation with a rotary hoe should start soon after the 
soybean seedlings appear. It is very essential to keep grass 
out of soybeans. The rotary hoe should not be used early in 
the morning while seedlings are very brittle. Cultivation after 
fl owering starts may injure blossoms causing them to fall 
off.”

1440. Rodriguez, Juan Pastor. 1958. A soja... carne dos 
pobres [The soybean... meat of the poor]. A Fazenda (New 
York) 53(8):26-28. Aug. [Por]
• Summary: A brief introduction to soybeans. Photos show: 
(1) Soybeans in the pods and shelled. (2) Two farmers 
driving Farmall tractors (made by International Harvester 
Co.) weeding between long straight rows of soybeans. (3) 
The well-nodulated roots of a soybean plant. (4) A man 
standing waist-high in a fi eld of soybeans in the Dominican 
Republic.
 The journal A Fazenda, means “The Farm.” Address: 
Agronomist, Rio Piedras Agricultural Experiment Station, 
Univ. of Puerto Rico (Agronomo, Estacao Experimental 
Agricola de Rio Piedras, da Universidade de Porto Rico).

1441. Galli, Ferdinando. 1958. Inoculaçoes cruzadas com 
bactérias dos nódulos de leguminosas tropicais [Cross-

inoculation with nodule bacteria of tropical legumes]. 
Revista de Agricultura (Piracicaba, Brazil) 33(3):139-50. 
Sept. [23 ref. Spa; eng]
• Summary: Discusses cross-inoculation trials with rhizobia 
from local and introduced legumes, including soybeans. 
Twenty-three bacterial strains of rhizobia were isolated 
from 13 legume species, and cross-inoculation tests were 
made between these bacteria, their host plants and rhizobia 
belonging to various cross-inoculation groups, including: 
Soybean, lucerne, clover, lupin, bean, pea, and cowpea. 
Differences were found between the morphological 
characteristics of some legume species. Address: Escola 
Superior de Agricultura “Luiz de Queiroz,” Universidade de 
S. Paulo, Piracicaba.

1442. Hodges, R.J.; Staten, R.D. 1958. Soybeans. Texas 
Agricultural Extension Service, Leafl et No. 411. 8 panels. 
Sept.
• Summary: Most of the commercial acreage harvested 
for seed is grown on the High Plains and is not irrigated. 
Contents: Plant characteristics. Recommended varieties: 
Lee, Ogden, Dorman, Jackson, Improved Pelican. Planting 
seed quality. Inoculation. Time of Seeding. Seed treatment. 
Seedbed preparation. Fertilization. Moisture requirements. 
Harvesting. Address: 1. Agronomist, Texas Extension 
Service; 2. Agronomist, Texas Agric. Exp. Station.

1443. Soybean Digest. 1958. Index of advertisers. Sept. p. 4.
• Summary: Aeroglide Corp. Air-O-Flex Equipment Co. 
Allied Mills, Inc. American Mineral Spirits Co. [Amsco]. 
V D. Anderson Co. William H. Banks Warehouses, Inc. 
Barrow-Agee Laboratories, Inc. Philip T. Berkley. Bin-
Dicator Co. Blaw-Knox Co. R.W. Booker & Associates. 
R.J. Brown Co. Buhler Mill Engineering Co. Butler 
Manufacturing Co. Cargill, Inc. Central Soya Co., Inc. Chase 
Bag Co. Columbian Steel Tank Co. D.R. Comenzo & Co. 
Crippen Manufacturing Co. Crown Iron Works Co. Dannen 
Mills, Inc. Davidson-Kennedy Co. Delphos Grain & Soya 
Products Co. Albert Dickinson Co. Drake Petroleum Co. 
Dunbar Kapple Inc. Eastern States Petroleum & Chemical 
Corp. A.T. Ferrell & Co. Filter Fabrics, Inc. French Oil 
Mill Machinery Co. General Mills, Inc. Grain Analysis. 
B.F. Gump Co. Ben Gustafson & Son Mfg. Co. Jacob Hartz 
Seed Co., Inc. Hess Terminal Corp. Honeymead Products 
Co. Huntley Manufacturing Co. Industrial Commodity 
Corp. Inland Forwarding Co. Iowa Milling Co. Kansas Soya 
Products Co., Inc. Lauhoff Soya Co. Law & Co. George 
Lloyd Levin. Myers-Sherman Co. Nellis Feed Co. Nickel 
Plate Road. North Iowa Cooperative Processing Assn. 
Penola Oil Co. Phillips Petroleum Co. Pillsbury Mills, Inc. 
Port of New Orleans [Louisiana]. Prater Pulverizer Co. PTC 
Cable Co. Quincy Soybean Products Co. Rice Grain Corp. 
Rolfes Grain Aeration Companies. Seedburo Equipment Co. 
Shanzer Manufacturing Co. W.M. Simeral & Co. Simon-
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Carter Co. Standard Commission Co. Stillpass Transit Co. 
Suttle Equipment Corp. Twin City Machine Co. Urbana 
Laboratories. B.I. Weller Co. K.I. Willis Corp. Woodson-
Tenent Laboratories.
 Note: The September issue of Soybean Digest generally 
contains the most pages (and most advertisers) of any issue 
for the year, because it contains the report of the annual 
convention in the form of many of the papers presented 
there.

1444. Bergersen, F.J. 1958. The bacterial component of 
soybean root nodules; changes in respiratory activity, cell dry 
weight and nucleic acid content with increasing nodule age. 
J. of General Microbiology (England) 19(2):312-23. Oct. [17 
ref]
• Summary: During the 6-7 week active life of soybean 
root nodules produced by a single strain of Rhizobium 
japonicum, the respiratory activity of the bacteria isolated 
from the nodules changed according to a defi nite pattern; 
a depression appeared after the nodules fi rst appeared 
followed by a rise, and with a further sharp rise 1 week 
before nodule breakdown. The initial depression coincided 
with the beginning of nitrogen fi xation. The limits within 
which respiration varied depended on host-plant growth. 
The nitrogen fi xation rate remained constant from 2-3 weeks 
after nodule appearance until a few days before nodule decay 
began. The word “bacteroids” is used many times to refer to 
non-proliferating cells. In “these studies the term ‘bacteroid’ 
will be used irrespective of external morphology for the non-
proliferating intracellular forms of Rhizobium found in the 
bacterial tissue of the root nodules, in order to distinguish 
the somewhat unique function and properties of these forms 
from those of the free-living and cultured forms of the 
bacteria.” Address: Div. of Plant Industry, CSIRO, Canberra, 
Australia.

1445. Johnson, Herbert W.; Clark, Francis E. 1958. Role 
of the root nodule in the bacterial-induced chlorosis of 
soybeans. grafting experiments with susceptible and resistant 
varieties. Soil Science Society of America Proceedings 
22(6):527-528. Nov/Dec. [5 ref]
• Summary: “Plant grafting experiments with chlorosis-
susceptible and chlorosis-resistant varieties of soybean, 
observations on a diffi cultly-nodulating experimental line, 
and isolations of bacteria from chlorotic plants were made 
in order to characterize more fully the bacterial-induced 
chlorosis of soybeans.” Address: 1. Research Agronomist; 
2. Microbiologist. Both: Crops and Soil and Water 
Conservation Research Divisions, ARS, USDA, Beltsville, 
Maryland.

1446. Mederski, H.J.; Wilson, J.H.; Volk, G.W. 1958. 
Response of soybeans to plow-down and side-dress 
applications of nitrogen on irrigated and non-irrigated soils. 

Ohio Agricultural Experiment Station, Research Circular 
No. 59. 8 p. Nov. [7 ref]
• Summary: Data collected from a number of fi eld and 
greenhouse experiments at the Ohio Agricultural Experiment 
Station indicate that soybeans may not obtain enough 
nitrogen from symbiotic association with nodule bacteria 
to produce maximum yields. That soybeans do not produce 
maximum dry weight yields when relying predominantly on 
symbiotic nitrogen was also demonstrated by Norman and 
Krampitz (6) and Thornton (7). Norman (5) demonstrated 
that non-nodulated soybeans supplied with adequate fertilizer 
nitrogen produced yields as large as those produced by 
nodulated but non fertilized beans. This work indicates that 
either fertilizer nitrogen or nitrogen fi xed by the symbiotic 
bacteria were equally effective and that yield depended on 
the quantity of nitrogen fi xed by the plant plus the quantity 
of nitrogen the plant was able to obtain from the soil. In 
the event that environmental conditions limit symbiotic 
nitrogen fi xation, the yield may depend upon the quantity of 
‘supplemental’ nitrogen available in the soil.”
 “Summary: In these experiments the yield of soybeans 
was increased by the application of fertilizer nitrogen in three 
out of four years at Wooster, Ohio and in two out of three 
years at Hoytville, Ohio. In six of the seven experiments the 
application of nitrogen to soybeans did not produce yield 
increases which were profi table at current price levels.
 “The increase in soybean yield was related to the level 
of soil moisture, the quantity of nitrogen that was applied 
and the method of applying the nitrogen.
 “Side dressing the soybeans with nitrogen when the 
beans began to fl ower produced larger yields than when 
the nitrogen was plowed down prior to planting; the yield 
differences, however, were small.
 “Soybean yields increased progressively with increasing 
rates of nitrogen from 0 to 100 pounds per acre. Application 
of nitrogen in excess of 100 pounds per acre did not produce 
an additional yield increase.
 “The effect of irrigation varied with season and rate of 
applied nitrogen. In 1948 the single effect of irrigation or 
the highest rate of nitrogen increased yield approximately 
7 bushels per acre while the combined effect of these 
treatments increased yield 20 bushels per acre. Irrigation 
increased the 1949 yield approximately 4 bushels per acre 
at all levels of nitrogen, but did not affect yield in 1950.” 
Address: Wooster, Ohio.

1447. Bergersen, F.J.; Briggs, Margaret J. 1958. Studies 
on the bacterial component of soybean root nodules: 
Cytology and organization in the host tissue. J. of General 
Microbiology (England) 19(3):482-490. Dec. Plus 4 
unnumbered pages of black and white photos at end. [17 ref]
• Summary: “Light- and electron-microscope studies of 
bacteroids in soybean nodule sections and suspensions 
of isolated bacteroids have shown well-defi ned nuclear 
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elements, containing tangled fi laments and dense granules.”
 Bacteroids and bacteria are distinguished as follows: “In 
continuing the study of the bacterial component of soybean 
root nodules, the term ‘bacteroid’ is again used to denote the 
non-proliferating found in large numbers in the cytoplasm 
of the cells of the central tissue of mature nitrogen-fi xing 
nodules; earlier proliferating stages in proliferating nodules 
are referred to simply as bacteria.”
 Figures show: (1) Labeled illustration of cytological 
features of the two types of bacteroids separated from 
mature nitrogen-fi xing soybean root nodules. (2) Three 
diagrammatic representations of the membrane system 
enclosing the bacteroids in soybean root nodules. Objects 
labeled include: c = host cell cytoplasm. cell. = cellulose of 
the host cell walls. inf.thr = lining infection threads made 
of cellulose. m = membrane envelope around bacteria, and 
initially continuous with the infection thread membrane 
and host cell membrane. n = host nucleus. b = bacteria. t = 
interconnecting membrane tubule. Address: 1. Div. of Plant 
Industry, CSIRO, Canberra, Australia.

1448. Gargantini, H.; Catani, R.A. 1958. Fixaçao do 
nitrogênio do ar atmosférico pelas bactérias que vivem 
associadas às raízes da soja [Fixation of atmospheric 
nitrogen by Rhizobia of soyabean]. Bragantia 17(14):195-
204. [8 ref. Spa; eng]*

1449. Saric, Zora. 1958. Adaptacija kvrzicnih bakterija na 
soju u prirodnim uslovima [The adaptation of nitrogen-fi xing 
bacteria on soybeans in natural conditions]. Zemljiste i Biljke 
(Field and Plants) 7(1/3):287-93. [Ser]*
Address: Yugoslavia.

1450. Vincent, J.M. 1958. Survival of the root-nodule 
bacteria. In: E.G. Hallsworth, ed. 1958. Nutrition of the 
Legumes. New York, NY: Academic Press, New York. See p. 
108-23. *

1451. Vojinovic, Zivota; Sevic, Nada; Saric, Zora. 1958. 
Ispitivanje efekta nitragenizacije soje na razlicitim 
tipovima zemljista [An investigation of the effect of the 
nitrogenization of soybeans on various types of terrain]. 
Zemljiste i Biljke (Field and Plants) 7(1/3):421-26. [Ser]*
Address: Yugoslavia; ProdNiFi.

1452. Bonnier, Charles; Brouwers, Léon. 1958. Nodulation, 
en tubes de verre, de légumineuses à grosses graines 
cultivées aseptiquement [Nodulation of large-seeded legumes 
grown aseptically in glass tubes]. Bulletin de l’Institut 
Agronomique et des Stations de Recherches de Gembloux 
(Belgium) 26(4):317-21. [4 ref. Fre]
• Summary: Research supported by the National Institute 
for Agronomic Studies in the Belgian Congo. Address: 
Microbiology Lab., Belgium.

1453. Bonnier, Charles; Seeger, Jacques. 1958. Symbiose 
Rhizobium-légumineuses en région équatoriale (Deuxième 
commnication) [Legume / Rhizobia symbiosis in equatorial 
regions (second communication)]. Publications de l’Institut 
National pour l’Etude Agronomique de Congo Belge 
[INEAC] Serie Scientifi que No. 76. 66 p. [22 ref. Fre]
• Summary: During a 1957 visit to Yangambi, in the 
equatorial region of the Belgian Congo, observations 
were made on inoculated cultivated legumes, some of 
which had been studied previously. Results confi rmed the 
great advantage of inoculation, particularly of soybeans, 
groundnuts, Phaseolus angularis [azuki beans], and two 
other species. In fi eld trials inoculation of soybeans was 
shown to increase yields by 80 to 300%.
 Soybeans (Soja hispida) are mentioned on pages 33, 36, 
44-47, 50-51, 53-58, and 62. Other plants cultivated included 
Mucuna pruriens, Canavalia ensiformis, Pueraria javanica 
[maybe kuzu], Crotolaria longithyrsa, and Stylosanthes 
gracilis. Address: Institut agronomique de l’État, Gembloux, 
Belgium.

1454. Deveza, Manuel Carneiro. 1958. A soja: Sua 
importância e possibilidades culturais [The soybean: 
Its importance and possibilities for cultivation (in 
Mozambique)]. Publicacoes. Serie B: Divulgacao 
(Mozambique) No. 10. 21 + [2] p. [9 ref. Por]
• Summary: Contents: Introduction. Trials observing the 
vegetative behavior of soybeans. Spacing trials. Trials 
concerning time of planting. Comparative production trials. 
Trials for fertilizers and soil amendments. Trials inoculating 
soybeans with specifi c bacteria. Laboratory study to 
determine the oil and protein content. Cultural instructions: 
Climate. Terrain and soils. Preparation of the land for 
planting. Planting. Varieties suitable for planting (and their 
proper spacing). Weeding and thinning the plants. Irrigation. 
Harvesting. Threshing.
 The author conducted soybean experiments at the 
Umbeluzi Experimental Station for four years (1954-1957), 
starting in Jan. 1954. The fi rst seeds were planted on 12 
Jan. 1954. The varieties tested during the fi rst 3 years were 
Potchefstroom 184, and Mammoth. During late 1956 and 
early 1957, Acadian and Seminole were tested. The highest 
yield obtained during these 4 years were 1,465 kg/ha from 
Acadian, planted on 9 Nov. 1956. Note 1. The source of 
these soybeans was probably South Africa, and maybe also 
the United States.
 Note 2. Umbeluzi is probably in southern Mozambique 
near Swaziland, since the Umbeluzi (or Umbelosi) River, 
about 120 miles long, fl ows eastward through Swaziland 
and southern Mozambique, into Delagoa Bay, near Maputo. 
Address: Eng. Agrónomo, Da Estacao Experimental do 
Umbeluzi, Mozambique.
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1455. Hallsworth, E.G. ed. 1958. Nutrition of the legumes: 
Proceedings of the University of Nottingham Fifth Easter 
School in Agricultural Science, 1958. London: Butterworths 
Scientifi c Publications. 359 p. [359* ref]
• Summary: Soy is not mentioned in the index. Address: 
Prof. of Agricultural Chemistry, Univ. of Nottingham School 
of Agriculture, Sutton Bonington, Loughborough.

1456. Nyasaland Department of Agriculture, Annual Report. 
1958. Soya beans. For the year 1956/57. Part II. 142 p.
• Summary: In the section titled “Other Legumes” the 
subsection on “Soya Beans” states: “At Makanga, on 
the Lower Shire, yields of about 2,000 lb. per acre were 
obtained and superphosphate was found to decrease yields. 
At Magomero, observation plots of seven varieties gave 
over 1,500 lb. per acre seed, the best being B.C.A. Yellow, 
Volstate and Light Speckled.
 “In the Northern Province, Potchefstroom seems 
to be about the best variety. It gave 1,400 lb. per acre at 
Katowo and 650 lb. per acre at Ng’onga in Rumpi District. 
Inoculation did not increase yields very much this year, 
though last year on the same plots the effect was marked. 
Early planting increases yields, but the crop can be sown as 
late as Christmas time in the north without losing too much 
in the way of yield.
 “At Chitedze a poorly-grown bulk of soya beans yielded 
600 lb. per acre.” Address: Nyasaland Protectorate.

1457. Sun, Hsing-tung (Singong). 1958. Soia [The soybean]. 
Moscow, USSR: Gosudarstvennoe Izdatel’stvo Selkhoz 
Literatury (Soviet National Agricultural Publishing Co.). 248 
p. Illust. No index. 19 cm. Translation from the Chinese of 
his book Ta-tou (1956). [59 ref. Rus]
• Summary: A biological and economic study with special 
reference to conditions in China. For college students and 
technical workers. Contents: 1. The meaning of soybeans 
in China’s agriculture and the world economy. 2. The use 
of soybeans in industry, food and agriculture. 3. Nutritional 
and chemical composition of soybeans. 4. Geographical 
distribution of soybeans. 5. Botanical characteristics of 
soybeans. 6. General types, varieties and most important 
varieties of soybeans. 7. Biological characteristics of 
soybeans. 8. Physiological and morphological characteristics 
of soybeans. 9. Place of soybeans in crop rotations. 
10. Cultivation of soybeans. 11. Root nodule bacteria 
of soybeans–their appearance, morphology, breeding, 
preparation of compounds and uses. 12. Growing improved 
varieties of soybeans. 13. Diseases and pests of soybeans and 
protection against them. Address: China.

1458. Durán Castro, Carlos. 1958? El cultivo de la soya [The 
cultivation of soybeans]. Buga, Vallee Dept., Colombia: 
Grasas S.A. 24 p. Undated. Illust. 21 cm. [Spa]
• Summary: Introduction. Agricultural evolution of Valle del 

Cuaca: Advantages of soya, advantages of animal industry, 
environment, climate and soils, rotations, preparation of 
the land, inoculation with nitrogen-fi xing bacteria, methods 
of inoculation, times for planting, how to plant the seeds, 
initial care, cleanliness, insect pests, harvest and harvesting 
equipment (incl. the combine {combinada}). Some problems 
with mechanical harvesting: their causes and solutions. 
Saving seed.
 Across the bottom of the front cover we read that this 
booklet is “Courtesy of Grasas S.A., Buga.” On the back 
cover: “Grasas S.A., Buga. Pure, refi ned oils for cooking. 
Soy oil is Oliosoya. Butter Le Garza. Pure soya fl our 
Soyavit. Soy grits and semolina. Cake of soya, cottonseed, 
and sesame for animal feed. Lecithin and material for soap 
factories.”
 The Introduction states (p. 1): The technical work of 
acclimatizing the soybean to Colombia has been done mainly 
by the Agricultural Experiment Station at Palmira. Since 
its foundation in 1929, it has tested new soybean varieties 
to compare their merits and diverse conditions for both 
cultivation and industry; the best ones were chosen. Then 
Grasas S.A. multiplied these, and provided them to farmers 
who grew them. Address: Ing. Agr., Colombia.

1459. Allos, H.F.; Bartholomew, W.V. 1959. Replacement 
of symbiotic fi xation by available nitrogen. Soil Science 
87(2):61-66. Feb. [8 ref]
• Summary: The infl uence of increasing amounts of 
available inorganic nitrogen (N) on symbiotic N fi xation was 
studied with legumes grown in gravel culture in a glasshouse 
and supplied at weekly intervals with tracer nitrogen. All 
the legumes responded, in both growth and N uptake, to 
the addition of inorganic N. When the applied N exceeded 
that necessary for the growth increase, it tended to replace 
that from the fi xation process. Total N fi xation was closely 
related to the amount of growth. Soybeans fi xed a higher 
amount of N, and had a higher total dry-weight production 
than the other legumes tested. Fixation processes never 
supplied suffi cient N for maximum growth. Each species 
tested was apparently capable of supplying, by fi xation, only 
about one-half to three-fourths of the total N which could be 
used by the plant. Address: Iowa State College.

1460. Hill, Leonard U. 1959. 48 years growing soybeans: 
Mr. Hill began growing soybeans in 1911 at Piqua, Ohio, 
where he is still growing them. Soybean Digest. Feb. p. 6-7.
• Summary: The soybeans were introduced as a substitute 
for oats on a trial basis. In 1911 no commercial inoculation 
was available, so Mr. Hill sent “for a small quantity of 
soybeans and some inoculated dirt, which were sown 
together in the garden to produce suffi cient inoculated dirt 
for use in a [9-acre] fi eld the following year.”
 “Had to fi nd a market: Until processing mills were 
established in the area, country elevators did not handle 
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soybeans. Therefore, during the fi rst dozen years, or 
thereabouts, a market had to be found for all soybeans 
raised. The chief demand during those early years came 
from farmers who sowed them for an emergency hay crop. 
Some of each year’s crop were sold at the farm, but usually 
the major portion was shipped by freight to patrons obtained 
by advertising. The price was usually from $2 per bushel 
upwards...”
 “On this farm, form the beginning until now, weeds have 
been considered the major problem.” Discusses in detail 
changing methods used to combat these weeds. A photo 
shows Leonard Hill. Address: Piqua, Ohio.

1461. Johnson, Herbert W.; Cartter, J.L.; Hartwig, E.E. 1959. 
Growing soybeans. Farmers’ Bulletin (USDA) No. 2129. 12 
p. Feb. Summarized in Soybean Digest, May 1959, p. 32. 
Supersedes Farmers’ Bulletin 2024 and Farmers’ Bulletin 
1520. [2 ref]
• Summary: Contents: Uses. Soils: Rotations, seedbed, 
fertilizers, lime. Varieties. Seed treatment. Inoculation. 
Planting: When to plant, how to plant. Weed control: 
Cultivation, chemicals. Irrigation. Harvesting: When to 
harvest, adjusting the combine, yields. Storage. Soybeans for 
hay: Feed value, forage varieties, time to cut, curing. Insects 
and diseases.
 “Seed treatment: Chemical seed treatments protect 
the seed from soil-borne diseases. They generally result 
in improved stands, especially if low-germinating seeds 
are used. Seed treatment is not a substitute for good seed. 
It does not increase yields in proportion to the increase 
in stand. Seed can be treated any time before planting–
even in the preceding fall at harvest. Chemical treatment 
reduces effectiveness of inoculation, but treated seed can be 
inoculated successfully. It does not reduce effectiveness of 
nitrogen-fi xing bacteria already in the soil.” Address: Crops 
Research Div., ARS.

1462. Hildebrand, S.C.; White, R.G.; Potter, H.S.; Porter, 
J.A. 1959. Soybean production in Michigan. Michigan State 
Univ., Cooperative Extension Service, Extension Bulletin No. 
362. 20 p. March.
• Summary: Contents: Introduction. History. Uses. 
Adaptation. Place in the rotation. Choosing the variety. Soil 
preparation. Use good seed. Seed treatment. Inoculation. 
Fertilizing. Planting. Weed control. Harvest. Storage. 
Soybean diseases.
 “Soybeans are increasing in importance as a cash crop 
in Michigan, especially in the southeastern part of the state. 
In 1957, Michigan farmers produced 236,000 acres of 
soybeans–double the state’s 10-year average of 1946-55. The 
average yield in 1957 was 21.5 bushels per acre and about 
94 percent of the crop was produced for beans. Most of the 
soybeans are produced in southeastern Michigan, 50 percent 
of the crop being grown in Monroe and Lenawee counties.”

 Note: In July 1969, this bulletin was revised under the 
same name and number. In June 1975 it was revised again, 
with the same number (362), but with a new title: “Producing 
soybeans profi tability in Michigan.” Address: East Lansing.

1463. Davis, R.N. 1959. The soyabean deserves to be grown. 
Indian Farming 9(3):35, 37, 38. June. Series 2.
• Summary: Contents: Introduction. Food value. Many uses 
(soyabean fl our, milk, and sauce). Dependable crop. Yeotmal 
trials. Nine [maturity] groups. Soyabean vs. groundnut.
 Trials with 28 varieties of soyabeans were conducted at 
Yeotmal, Vidarbha, in eastern Maharashtra state in central 
India, from 1953 to 1958, under the direction of Dr. Jackson 
Cartter of the University of Illinois. Of the 28 varieties, 23 
were from the USA and 5 were from India. He also sent 
soyabean inoculum.
 A table shows the results of the trials. Five columns 
show variety name, number of years raised, seed spacing in 
rows (in inches), percentage of germination, average yield 
per acre in maunds (1 maund = 37.3242 kg). The best yields 
by far came from Mamotan (24.19), followed by Acadian 
(19.31) Improved Pelican (16.32), and Biloxi (16.50).

1464. Hardy, Glenn W. 1959. Nitrogen fertilization of 
soybeans. Soybean Digest. June. p. 18. Reprinted from 
Arkansas Farm Research, Jan.-Feb. 1959.
• Summary: “Under excellent growing conditions soybean 
yields of 40 or 50 bushels per acre are not uncommon in 
Arkansas, with higher yields occasionally reported. The 
question of how to increase yields naturally arises in the 
minds of those whose yields are well below these fi gures. In 
an attempt to fi nd at least a partial answer to this question, a 
study of nitrogen fertilizer of soybeans has been undertaken 
in several states.
 “Soybeans in general are not as responsive to 
fertilization practices as are many of our other fi eld crops. 
The soybean plant is a legume whose root system is normally 
host to microorganisms which are capable of taking nitrogen 
from the air and changing it into a form that the plants can 
use. Agronomists have learned, however, that this source of 
nitrogen is usually not suffi cient by itself for high soybean 
yields. This means that some of the nitrogen that soybeans 
use must come from the soil. Thus it has been suggested that 
soybean yields might well be limited by a defi ciency of soil 
nitrogen.
 “From time to time workers in other states have reported 
results of fi eld trials using nitrogen on soybeans. In some 
cases increases in yield have been reported, while in others 
there has been very little response.
 “In recent years some of the North Central States have 
reported small but economic increases in soybean yields 
when nitrogen was sidedressed at the very early bloom stage. 
This past season two such experiments were carried out at 
branch experiment stations in Arkansas. Different nitrogen 
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carriers were sidedressed at two levels of nitrogen, as shown 
in table 1. It can be seen readily that nitrogen sidedressed 
at the very early bloom stage did not increase yields in 
1958. The small yield differences that did occur were not 
signifi cantly different in the statistical sense.
 “A fi eld trial in which nitrogen was applied in a factorial 
experiment with phosphorus and potassium was conducted 
at the Rice Branch Station on Crowley silt loam in 1957 and 
repeated in 1958. The fertilizer was applied in a band 2 to 3 
inches to the side of the plants a few days after emergence. 
A similar experiment was conducted in Lafayette County 
outlying from the Southwest Branch Station on Lonoke silt 
loam in 1958. In this instance the fertilizer was placed under 
the bed prior to planting. All three tests were replicated fi ve 
times. Only the nitrogen effects will be discussed here.
 “The data in table 2 show that only a very small increase 
in yield was obtained from nitrogen applications at Stuttgart 
in 1957, with no response to applied nitrogen in 1958. 
A small but unimportant decrease in yield resulted from 
nitrogen applications in Lafayette County in 1958.
 “While none of the data presented here indicate marked 
response to nitrogen, it would be well to remember that the 
past 2 years have been excellent ones for soybean production 
in Arkansas. Umbreit and Fred pointed out many years ago 
at the University of Wisconsin that under optimum growing 
conditions, where the carbohydrate-nitrogen ratio in the plant 
was kept balanced, the soybean preferred free nitrogen from 
the air rather than fertilizer nitrogen. However, if the balance 
was disturbed by any cause, including adverse temperature 
and moisture relationships, fertilizer nitrogen was desirable.
 “Also, with one exception, the soils used in this study 
showed a capacity for producing relatively high soybean 
yields without fertilization. With these things in mind, it 
seems possible that in other years on the same or different 
soils greater response to nitrogen may be obtained. Work will 
be continued on this problem.”
 Tables show: (1) Effect of nitrogen sidedressed at very 
early bloom stage on soybean yield, 1958. (2) Average 
nitrogen effect in 2 by 3 NPK factorial experiments. Address: 
Asst. Agronomist, Univ. of Arkansas.

1465. Ebertová, Helena. 1959. Redox potentials in soybean 
nodules during the vegetative period. Nature (London) 
184(4692):1046-47. Oct. 3. [7 ref]
• Summary: Researchers are becoming increasingly 
interested in the biochemical oxidation-reduction processes 
that take place during nitrogen fi xation. The author measured 
the redox potential and the pH-value in soybean stems, 
roots, and nodules during the entire period of vegetation and 
related it to the increase in and number and size of nodules. 
She measured low redox potentials within nodules during the 
period in which nitrogen was fi xed. Address: Research Inst. 
for Plant Production, Prague, Czechoslovakia.

1466. Hall, John P.; Paulus, Albert J. 1959. Soybean 
production for beans. University of Tennessee, College 
of Education, Subject Matter Mimeo No. 29. 176 p. Oct. 
(Knoxville; spiral bound). [140 ref]
• Summary: Contents: Foreword. Acknowledgement. 
Introduction. Ode to the soybean. 1. Deciding on the acreage 
of soybeans to grow. 2. Selecting the land for soybeans. 3. 
Selecting the variety and procuring the seed. 4. Preparing 
a suitable seedbed. 5. Inoculating the seed. 6. Planting 
the crop. 7. Fertilizing the crop. 8. Controlling weeds. 9. 
Controlling insects and diseases. 10. Harvesting the beans. 
11. Storing the beans. 12. Marketing the beans.
 “Foreword: This Mimeo deals with a crop of 
considerable importance in Tennessee. It is grown in every 
county from a few farms to as high as 54% of the farms 
in Lake County. It is harvested for beans in 85 of the 95 
counties. The crop is 5th in source of cash and represents 
nearly 4% of the total value of all crops in the State.
 “Most of the acreage (89%) is grown alone. Of the 276 
thousand Tennessee acres grown in 1958, 58% were grown 
for beans, 28% for hay, 12% for silage and grazing and 
2% for a green cover crop. While the center of commercial 
production is along the western border of our State the 
crop is widely adapted and can replace other cash crops in 
response to government regulations and price shifts.
 “The importance of soybean meal in the feed industry 
and its ever expanding use in the human diet provide 
considerable assurance for a steady market in the future. 
During the last few years the demand for meal has pushed 
production ahead of ready uses for the oil. How to bring the 
two into better balance is now one of the bigger challenges to 
the industry.
 “Some of the special advantages of the soybean crop are 
its ready market; lends itself to regular tillage, seeding and 
harvesting equipment; no limit in acreage; easily substituted 
for other summer cash crops and so far, diseases and insects 
have been less a problem than with longer established crops.
 “The content of this Mimeo was guided by fellow 
teachers in the soybean producing areas of our State. The 
fact that it is co-authored by one of them should have a 
special meaning. The other author needs no introduction to 
this group. The content follows a familiar pattern which has 
proved its worth many times over in the 28 mimeos which 
preceded this one. As always the College of Agriculture has 
checked the technical accuracy.
 “I am happy to say that our Department is providing a 
copy for every teacher in the State, and multiple copies to 
those who will be teaching the crop to the boys, young and 
adult farmers in their classes. For their sake study this latest 
addition to our mimeo family most carefully and then teach 
it with the vigor and enthusiasm which you know will bring 
results.
 “J.W. Carney, State Supervisor, Vocational Agriculture.”
 “Acknowledgement: This publication is the 29th in the 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   661

© Copyright Soyinfo Center 2018

Mimeo series. It consists primarily of quotations and tabular 
data from agricultural experiment stations and extension 
service publications. The users of this Mimeo are indebted 
to the many institutions and people who supplied the needed 
information.”
 Introduction (by Paulus): “Many things have happened 
in the soybean world since the publication of Mimeo 9, 
‘Increasing the Production of Soybeans for Wartime Needs,’ 
in February, 1944. That publication of 39 pages seemed 
to bring together most of the information on soybean 
production which was then available.
 “The rapid expansion of the feed industry and the 
many new uses for the bean in industry and for human 
consumption has almost completely changed the picture 
during the last 15 years. This Mimeo attempts to cover these 
changes and to provide the sort of information which will 
permit the individual producer to fi t his own farm operations 
into the larger picture.” Address: 1. Teacher of Vocational 
Agriculture, Martin, Tennessee; 2. Prof. and Subject Matter 
Specialist, Dep. of Agricultural Education.

1467. Saric, Zora; Saric, Miloje. 1959. Uticaj nitragenizacije 
na rast i razvice soje [The infl uence of nitrogenization on 
the growth and development of soya-beans]. Savremena 
Poljoprivreda (Contemporary Agriculture) 7(10):819-36. 
Oct. [5 ref. Scr; eng]
• Summary: “In this work we examined the infl uence of 
nodules of bacteria on the growth and development of soya 
beans with a detailed study of the connection between Rh. 
Japonicum and soya throughout the period of vegetation. We 
were interested in whether the connection between nodules 
of bacteria and soya throughout the vegetation period is 
symbiotic or parasitic, and in whether this connection is 
constant and unchanging or whether it alters along with the 
changes which occur in the plant.
 “The work was carried out in the Institute for Plant 
Breeding and Production in Zemun Polje in 1953, 1954 
and 1955. The experiments were made in fi eld conditions 
according to the Mitcherlich method in ten repetitions.
 “Throughout the period of vegetation every ten to 
twelve days 10 plants were taken out for analysis from each 
plot, but only from the middle rows, the end plants being 
discarded. The assimilatory surface was also determined by 
the planimetrical measurement of all the foliage of the plants 
selected for analysis.
 “During the same periods the intensity of assimilation 
was followed by Sachs’s method, known under the name 
of the half-foliage method. The intensity of photosynthesis 
was determined for 7-8 hours. Then we also followed the 
movement of the total quantity of nitrogen and protein in the 
separate part of the soya: roots, nodules, above-ground parts, 
pods, and seeds during the period of vegetation; we also 
investigated the speed of the accumulation of protein and fat 
in the soya seeds from their formation to the ripening.

 “The results obtained show that under the infl uence of 
bacterial nodules physiological and biochemical changes 
take place in the host plant; these can be seen in the series 
of elements examined. The bacterial nodules infl uenced the 
speed of the growth and development of the soya, so that 
inoculated plants developed better, accumulated a greater 
quantity of organic matter and gave a bigger yield.
 “In the inoculated plants the process of photosynthesis 
was more intensive, not only thanks to the more extensive 
leaf surface, but also to the special physiological processes 
which occur in the inoculated plants.
 “Under the infl uence of the stronger nitrogenous food 
ensured by the nodules of bacteria, the growth and the 
development of the plant was not prolonged but on the 
contrary shortened, thanks to the fact that the plants were 
supplied with this element in good time.
 “The relation between the nodules of bacteria of the 
soya and the plant is variable in the separate phases of its 
growth and development, so the activity of nitrogen fi xation 
also varies in the course of the development of the host plant. 
From the very beginning of this union, this relation depends 
for the most part on the host plant which regulates these 
relationships according to its needs.
 “The nodules of bacteria also infl uence the biochemical 
changes in soya. The nitrogen and protein content in all the 
organs of the inoculated plants is greater than that in non-
inoculated plants.
 “There is a difference in the content of protein and oil 
in inoculated and non-inoculated plants during the period 
when the seeds ripen. The protein and oil content increases 
continually until the end of the ripening period; however the 
ratio between these is variable. The ripe seed of inoculated 
plants has a higher protein content and a lower oil content 
than the seed of non-inoculated plants.” Address: Both: PhD, 
Faculty of Agriculture and Inst. for Crop Production, Novi 
Sad, Yugoslavia.

1468. Ivanovskaja, T.L. 1959. [Formation of nodules on 
soyabean roots in culture tests]. Agrobiologija No. 1. p. 23-
26. [14 ref. Rus]*

1469. Canterbury Agricultural College. 1959. Soya 
bean trials (I.D. Blair and Miss A. Bennett). Canterbury 
Agricultural College, Annual Review (Lincoln, New 
Zealand). p. 70-72. For the year ending 30th June 1959.
• Summary: “By arrangement with the Field Crop 
Committee (D.S.I.R.) it was decided to make a re-appraisal 
of the possibility of growing the soya bean under New 
Zealand conditions. An unfavourable report was made on 
this crop 20 years ago (M.A. Black. 1939. “Soya beans.” 
New Zealand J. of Science and Technology 21(1A):46a-
60a. June), but it is believed that the availability now 
of new varieties developed for New Zealand latitudes 
could alter the prospect. In addition, the factor of seed 
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inoculation using strains of Rhizobium japonicum could also 
be important. Two fi eld trials were conducted, one at the 
Canterbury Agricultural College, and an identical one at the 
Rukuhia Soil Research Station, Hamilton (Department of 
Agriculture).
 The seed of 9 varieties was obtained from Iowa and 
Minnesota, USA: Capitol, Chippewa, Norchief, Grant, 
Harosoy, Lincoln, Hawkeye, Black Hawk, Adams. Under 
dry conditions and relatively low soil fertility, yields ranged 
from 21.6 to 35.7 bushels/acre. Further studies are planned, 
with special attention to inoculation with rhizobia bacteria. 
Address: Dep. of Agricultural Microbiology.

1470. Department of Territories, Canberra. 1959. Chapter 
2.–Agriculture and livestock. Commonwealth of Australia, 
Territory of Papua, Annual Report (Canberra, Australia). 
p. 34-46. For the period 1 July 1958 to 30 June 1959. See p. 
33-34, 44.
• Summary: In this chapter, in the section titled “Plant 
pathology and microbiology,” we read (p. 44) that Rhizobium 
inoculum is now available for soy bean (Glycine max), 
peanut, and other legumes.

1471. Freire, Joao Rui Jardim. 1959. Inoculacao de sementes 
de soja [Inoculation of soybean seeds]. In: 1959. Soja no 
Rio Grande do Sul. Secretaria da Agricultura (Companha da 
Produtividade Agricola): Porto Alegre. See p. 59-62. Chap. 
6. [Por]
• Summary: Inoculation of soybean seeds with Rhizobium 
bacteria is essential to good soybean yields. Address: 
Secretaria da Agricultura, Servico de Fitopatologia, Brazil.

1472. Rio Grande do Sol, Brazil, Secretaria da Agricultura, 
Industria e Comercio. 1959. Soja no Rio Grande do Sul 
[Soya in Rio Grande do Sul]. Porto Alegre. 83 p. (Campanha 
da Produtividade Agricola). [Por]
• Summary: Contains 8 chapters by different Brazilian 
authors; each is cited separately. Address: Brazil.

1473. Hoch, G.E.; Schneider, K.C.; Burris, R.H. 1960. 
Hydrogen evolution and exchange and conversion of N2O to 
N2 by soybean root nodules. Biochimica et Biophysica Acta 
37(2):273-79. Jan. 15. [15 ref]
• Summary: “Soybean root nodules support the evolution 
of H2 and an exchange reaction yielding HD from D2 and 
endogenous H donors. The evolution of hydrogen is inhibited 
by N2 and N20 but is rather insensitive to CO. The exchange 
reaction is strongly inhibited by CO and by N20 but is 
activated by N2. N20 is converted to N2 by soybean nodules. 
A working hypothesis to encompass these experimental 
observations has been proposed.” Address: Dep. of 
Biochemistry, College of Agriculture, Univ. of Wisconsin, 
Madison, WI.

1474. American Soybean Association. 1960. Soybean Blue 
Book. Hudson, Iowa: American Soybean Assoc. 144 p 
Advertisers’ index. 22 cm.
• Summary: Contents: American Soybean Association. 
Japanese American Soybean Institute. National Soybean 
Processors Association. Soybean Council of America. 
Midsouth Soybean and Grain Shippers Association. Ontario 
Soya-Bean Growers’ Marketing Board. U.S. Department 
of Agriculture: Agronomic Research (ARS [Agricultural 
Research Service]), Disease Research, Entomological 
Research, Utilization Research and Development (Northern 
Utilization Division [NRRL], Eastern, Southern, Western), 
Marketing Research.
 Tables: (1) World soybean production. (2) Canadian 
soybean production. (3) Soybean production, utilization 
and value, 1936-1959 Canada. (4) Soybean crushings in 
Canada. (5) Soybean production–United States (with acreage 
and yield), 1924-1959. (6) U.S. Soybean production by 
states (1959). (7) U.S. soybean production, supply, and 
utilization (incl. exports, carryover), 1924-1959. (8) U.S. 
soybean production, acreage, and yield by state, 1924-1959. 
(9) U.S. soybeans: Inspected receipts. (10) U.S. soybeans–
supply and distribution, 1952-1959 (1,000 bushels). (11) 
U.S. Soybean oil meal and cake production, supply and 
utilization, 1924-1959 (1,000 tons). (12) Soybean oil, meal 
and cake production and stocks by states, 1955-1958. (13) 
Oilseed cake a meals, supply and distribution, Oct. 1950-59. 
Incl. soybean, cottonseed, linseed, peanut, copra, total. (14) 
Production of protein concentrates (cake and meal), 1937-
41 (avg.) to 1951-59. Incl. soybean, linseed, cottonseed, 
copra, gluten feed and meal, tankage and meat scraps, fi sh 
cake and meal, dried milk products (dried and concentrated 
skim milk, buttermilk, and whey used for animal feed), 
other milk products (fed on farms), total. Note: In 1953-
54,395,000 tons of dried milk products were fed to animals. 
(15) U.S. soy fl our production. (16) Production and exports 
of soy fl our and grits (incl. full fat, low fat, and defatted 
products, exported commercially or to military). (17) 
Production of mellorine [frozen dessert where vegetable oil 
replaces butterfat], 1953-59, by month. (18) U.S. fats and 
oils production, 1937-41 (avg.) to 1959. Incl. Butter, lard, 
edible beef fats, total edible animal fats, corn oil, cottonseed, 
edible olive oil, peanut oil, soybean oil, total edible vegetable 
oils, inedible oils. (19) Soybean oil utilization, 1931-1959 
(million lb). Incl. Foods: Margarine, shortening, other, total, 
Non-food products: Soap, paint & varnish, other drying 
oil products, miscellaneous, loss, total, total domestic 
disappearance. (20) Same as No. 19 but in percentages.
 (21) Utilization of soybean products, 1955-56 to 1958-
59. Incl. meal and oil: Livestock feed, industrial, fertilizer, 
export; from 1955 to 1959, use of soybean oil meal as a 
fertilizer was negligible, whereas 2.5 to 3.9% was exported. 
(22) Prices of U.S. soybeans, by month and season average, 
1923-1959. (23) Same as No. 22 but only for No. 1 yellow: 
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Chicago, Illinois country shipping points, Minneapolis. (24) 
Same as No. 21 but soybeans for crushing, No. 2 yellow. 
(25) Value of U.S. soybean crop, 1925-59 (thousand dollars) 
in these states: Total USA, Illinois, Iowa, Indiana, Ohio, 
Missouri, Minnesota. (26) Soybean price support operations, 
1932-33 to 1959-60. Started in 1941-42 and has continued to 
the present, with a peak of $2.56 per bushel in 1953-55. (27) 
Price spread, soybeans and end products, 1945-1958. Spread 
between price received by farmers and value of products. 
(28) Prices of U.S. soybean oil meal (44% protein), 1929-
1959 by month. (29) Prices of U.S. crude soybean oil, by 
month, 1929-30 to 1959-60. (30) Imports, exports, soybeans, 
oil and meal.
 (31) Soybeans: Inspections for export, 1957-59, with 
country of destination and port of departure. (32) U.S. trade 
in soybeans, fats and oils. (33) Oil and fat exports under 
P.L. 480. Total, cottonseed oil, soybean oil, Oct. 1954 to 
Sept. 1959. Incl. country of destination, the top four being 
Turkey, Pakistan, Israel, and Egypt. (34) Imports, exports 
cake and meal, 1929-1958, incl. cottonseed, soybean, 
linseed, peanut, copra. Exports incl. country of destination. 
(33) Soybeans: Crushings and yields of oil and meal. (35) 
Bar chart: Major markets for U.S. soybeans since 1953: 
West Germany, Netherlands, Other Europe, Japan, Canada, 
Other. (36) Composition of soybean seeds, by variety, incl. 
Maturity Group No., % protein, % oil, weight of 100 seeds in 
grams. (37) Amino acids of soy protein. (38) Composition of 
Lecithin. (39) Composition of soybean oil, by variety. Incl. 
linolenic acid, linoleic acid, oleic acid, saturated acids.
 Offi cial standards for soybeans, Revised effective 
Sept. 1, 1955. Soy fl our standards, for full-fat, low-fat, and 
defatted. Densities of various soybean products. Map of the 
USA showing the best adapted soybean varieties for each 
major soybean producing state. Directories: Processors of 
soybeans, by state, with address and names of offi cers (p. 56-
74). Canadian soybean processors (p. 74). Manufacturers of 
50% protein soybean meal (by state, p. 76). Foreign soybean 
processors, by country (p. 78-81). Refi ners of soybean oil, 
by state (p. 82-84). Manufacturers and handlers of soy foods 
(p. 86-93): Beverages, breakfast foods, canners of green 
vegetable soybeans, canners of mature soybeans, cookies, 
crackers, toasts and wafers, frozen desserts (companies 
that make vegetable oils used in frozen desserts), health 
food store & supply houses, lecithin, macaroni, spaghetti 
& noodles, margarine, meat substitutes, proteins (Griffi th 
Labs, Gunther, Worthington Foods), pudding powders 
(Brockville, Ontario, Canada), Salad and cooking oils, 
shortening, sausage binders, seasonings, soups, soybean 
oil, soybeans for cooking and sprouting, soy butter (Town 
Food Co., Riverside, California, makes “Town: soy lecithin 
spread”; Shedd-Bartush Foods, Detroit, Michigan, makes 
“Willow Run” soy spread), soy cheese [tofu], soy fl our, grits 
and fl akes, soy fl our mixes, soy milk, soy sauce, sprouts, 
vitamins, whipping agents.

 Manufacturers of industrial products employing 
soybeans (p. 94-95): Caulking compounds & fl oor tile, 
coated papers & leather dressing, fi re-fi ghting foam, 
glues, plywood & adhesives, insecticides, laminating, 
lecithin, oilcloth and coated fabrics, paints and varnishes 
(13 companies), paper sizings, wallpaper and wallboard 
coatings, resins, soaps, soybean fatty acids (8 companies), 
soybean oil. Services for the industry (p. 96-109): Analysts, 
appraisals, brokers, commission merchants & jobbers, 
consultants, engineering services, export elevators, exporters 
& importers, export warehousing and handling, farm 
management, fi eld warehousing, futures market, market 
analysis, mill construction contractors, milling service, 
miscellaneous services, oil transports, transportation.
 Equipment and supplies for the soybean industry (p. 
110-32): Aspirators, bagging equipment, belting, chains, 
conveyors, elevators, defoliants, drying and aeration 
equipment (farm driers, grain driers, meal driers), dust 
control systems & dust collectors, elevator buckets, 
fans, farm equipment, fertilizers, fumigants, fungicides, 
germinators, grain and seed cleaning and separation 
equipment, grain grading equipment & moisture testers, 
grain handling equipment, granulators, grinding & mixing 
equipment, herbicides, insecticides & pesticides, inoculants, 
laboratory equipment, man-lifts, material level indicators, 
materials handling equipment, miscellaneous equipment, 
packaging materials, pelleting machines, power transmission 
equipment, pumps, respirators, seed protectants, sifters, 
soil testing, soybean storage (elevator & processing units, 
farm units), spraying and irrigating equipment, temperature 
systems, transportation equipment, truck lifts, unloaders, 
waterproofi ng, weighing and packaging equipment.
 Soybean processing [crushing] and oil refi ning 
equipment and supplies (p. 134-42): Bleaching and fi ltering 
equipment, catalysts, complete plants [for crushing], 
continuous counter-current solvent extractors, continuous 
screw presses, degumming, deodorization, fractionation, 
hydraulic pressing equipment, hydrogenation, margarine, 
miscellaneous equipment, neutralization, shortening, solvent 
recovery, solvents, soybean seed [suppliers and private 
breeders], vegetable soybean seed. Advertisers’ index. Incl. 
Allied Mills, V.D. Anderson, ADM, Arkansas Grain Corp., 
Big 4 Cooperative Processing Assn., Blaw-Knox Co., Buhler 
Mill Engineering Co., Cargill Inc., Central Soya Co., Crown 
Iron Works Co., Dannen Mills Inc., Delphos Grain and Soya 
Products Co., Albert Dickinson Co., Louis Dreyfus Corp., 
Esso Standard Oil, Farmers Cooperative Assn., Farmers’ 
Cooperative Co., Felco Soybean Oil Meal Dealers, French 
Oil Mill Machinery Co., Funk Bros. Seed Co., Galesburg 
Soy Products Co., General Mills Inc., Jacob Hartz Seed Co., 
Inc., Honeymead Products Co., Huntley Mfg. Co., Illinois 
Soy Products Co., Iowa Milling Co., Iowa Soya Co., Jensen 
Mills, Kansas Soya Products Co, Inc., Spencer Kellogg 
& Sons, Inc., Lauhoff Soya Co., Albert Lea Engineering 
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Co., North Iowa Cooperative Processing Assn., Penola Oil 
Co., Phillips Petroleum Co., Pillsbury Co., Port of New 
Orleans, Quincy Soybean Products Co., Rice Grain Corp., 
Seedburo Equipment Co. (measures oil content of soybeans 
in 10 minutes), Skelly Oil Co., A.E. Staley Mfg. Co., T.W. 
Wood & Sons (Seedsmen since 1879; Richmond, Virginia). 
Address: Hudson, Iowa.

1475. Rattray, A.G.H. 1960. The soya bean in Rhodesia. 
Rhodesia Agricultural Journal 57(3):179-85. May/June. [3 
ref]
• Summary: Contents: Introduction. Botanical classifi cation. 
Climatic conditions. Soil requirements. Position in the 
rotation and effect on the soil. Inoculation. Preparation of 
seed bed. Time of planting. Depth of planting. Spacing 
and rate of seeding. Manuring and fertilizing. Cultivation. 
Harvesting. Yields. Diseases. Insect pests. Varieties. 
Chemical analyses. Use of soya beans. Production of soya 
beans. Prices and marketing. The future of soya beans in 
Rhodesia.
 “In spite of its great potential value, and the fact that for 
fully twenty years it has been grown successfully on research 
stations and been found well suited to Rhodesian conditions, 
the soya bean is to-day planted on few farms in this country. 
This neglect seems surprising when one considers the 
lack of, and the search for, additional cash crops to maize 
which can be cultivated on the more fertile soils in the 
higher rainfall areas. It seems, and is, inexplicable when 
one considers that many of the other leguminous crops, 
planted on an extensive scale both for green manure and 
fodder purposes, are to-day proving increasingly diffi cult 
to cultivate successfully, and farmers cry out for suitable 
substitutes. If this paper, intended as a summary of soya bean 
cultivation experience on the Salisbury Experiment Station 
over the last twenty years, helps in any way to popularize the 
crop and indicate how it can be grown more widely, it will 
have served some purpose.
 “In Rotation F2 on the Salisbury Experiment Station, 
soya beans and maize have been grown alternately since 
1940...”
 Table 10 shows acreages and yields of soybeans in 
Southern Rhodesia from 1954-55 to 1957-58. During this 
period total acreage rose from 1,902 acres in 1954-55, to 
a peak of 4,658 acres in 1956-57, falling to 2,871 acres in 
1957-58. In the peak year, 41% of the acreage was for use as 
green manure, 38% for hay or silage, and 21% for seed.
 The last 2/3 page of this article is titled “Soya beans in 
Nyasaland,” written with help from Mr. S.T. Hoyle, Chief 
Agricultural Research Offi cer, Nyasaland. Contents of 
Nyasaland: Variety. Inoculation. Fertilizers. Time of planting. 
Spacing. Acknowledgments.
 “A number of attempts have been made to introduce 
soya beans into the local diet [of Nyasaland] on account 
of their high nutritive value but none of these has been 

successful. Production of soya for export has always been 
on a limited scale and has never exceeded 700 tons per 
annum. Soya grows well in most parts of the country and in 
some, characterized by higher than average rainfall the beans 
grow exceptionally well.” In one soybean variety trial at 
Bvumbwe, the variety Volstate gave the best yield, 15.7 bags/
acre. Note: 1 bag weighs 200 lb, so 3,140 lb/acre or 52.3 bu/
acre, an outstanding yield. Address: Salisbury, Rhodesia.

1476. Thompson, J.A. 1960. Inhibition of nodule bacteria 
by an antibiotic from legume seedcoats. Nature (London) 
187:619-20. Aug. 13. [8 ref]
• Summary: “The loss of viability of Rhizobia on the 
surface of some legume seeds” was discussed as early as 
1932. Various legume seeds are discussed, but not soybeans. 
Address: Div. of Plant Industry, CSIRO, Armindale, New 
South Wales.

1477. Howell, R.W. 1960. Physiology of the soybean. 
Advances in Agronomy 12:265-310. [335 ref]
• Summary: The fi rst comprehensive review on soybean 
physiology by the leading authority on the subject. 
Contents: Introduction. Germination: Environmental factors, 
metabolism of germination. Root growth and nodulation: 
Environmental factors, nodulation and nitrogen fi xation. Top 
vegetative growth: Environmental factors, metabolism, plant 
composition. Flowering: Day length, chemistry of fl owering, 
other aspects of fl owering, varietal differences in fl owering. 
Pod and seed development: Environmental factors, 
composition of seed. Discussion. References. Address: U.S. 
Regional Soybean Lab., Urbana, Illinois.

1478. Ahmed, Shaukat; Evans, Harold J. 1960. Cobalt: A 
micronutrient element for the growth of soybean plants under 
symbiotic conditions. Soil Science 90(3):205-10. Sept. [7 ref]
• Summary: Conclusion: The results of experiments 
summarized in this paper provide strong evidence that cobalt 
is an essential element for the growth of soybean plants 
under symbiotic conditions with nitrogen-fi xing bacteria. 
Address: North Carolina Agric. Exp. Station.

1479. Johnson, Herbert W.; Means, Ura Mae. 1960. 
Interactions between genotypes of soybeans and genotypes 
of nodulating bacteria. Agronomy Journal 52(11):651-54. 
Nov. [12 ref]
• Summary: “Synopsis: Interactions were indicated by 
the chlorosis response of 116 soybean varieties to selected 
bacterial strains and by a selected group of varieties to 70 
bacterial strains. The response of each of 11 varieties to 8 
strains was different from that of any other variety.”
 None of the 8 strains resulted in the same response 
of all 11 varieties. Address: 1. Research Agronomist; 2. 
Bacteriologist. Both: Crops and Soil and Water Conservation 
Research Div., ARS, USDA, Beltsville, Maryland; Iowa 
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Agricultural and Home Economics Experiment Station, 
Ames, Iowa. 1. Research agronomist; 2. Bacteriologist; 3. 
Research agronomist and Prof. of agronomy.

1480. Smartt, J. 1960. A guide to soya bean cultivation 
in Northern Rhodesia. Rhodesia Agricultural Journal 
57(6):459-63. Nov/Dec. [3 ref]
• Summary: Contents: Introduction. Climatic requirements. 
Soil requirements and land preparation. Inoculation and 
fertilization. Planting and plant population density. Pests and 
diseases. Varieties. Harvesting. General conclusions.
 “With the increase of interest in diversifi cation of 
cropping in Rhodesian farming systems, which has become 
apparent of late, the soya bean is receiving consideration 
as a crop for production on a wider scale. Although it has 
a great deal to commend it as a Rhodesian crop, in the past 
its production has been restricted on account of the lack 
of economic outlets in local or export markets. Recently, 
however, a local market for soya beans has developed for use 
in the production of animal feeding stuffs. With expansion 
and development of industry, new markets for the crop 
may be opened. The extensive use of the soya bean and its 
products in human foodstuffs may also develop, although 
there is no immediate prospect of such an event taking 
place. The value of soya beans as a source of high quality 
protein is generally recognized; the problem has been to 
make use of this protein. As far as human food is concerned, 
diffi culties of preparation and a certain lack of palatability 
have precluded its use by the African population, who 
conservatism in food habits has restricted such a change as 
the use of soya beans would entail.
 “Very largely as a result of efforts to persuade the 
African to use soya beans as food, this crop has been grown 
experimentally for a number of years at several Agricultural 
Stations throughout the Territory. The crop has shown itself 
to be the most consistent yielder of all the legume crops 
which have potential or actual economic value.”
 Concerning varieties: “Variety selection in Northern 
Rhodesia has been based so far on the Southern Rhodesian 
Hernon strains... Variety trials have been conducted at Mount 
Makulu for the last four seasons, 1956-1960. Results are 
presented in Table 6.” The best yield obtained was 1,870 lb/
acre (31.2 bu/acre) with variety No. 6 in 1959-60. Address: 
Plant Breeder, Mount Makulu Research Station, Northern 
Rhodesia.

1481. Wu, Ming-Huei. 1960. [Research on powdered legume 
inoculant of root nodule bacteria in Taiwan]. Chung-hua 
Nung Hsueh Hui Pao (J. of the Agricultural Association of 
China, Taipei) No. 32. Dec. p. 48-58. New Series. [8 ref. 
Chi; eng]
• Summary: “Summary: Several strains of fi ve important 
legumes namely lupine, alfalfa, peanut, soybean and 
milk vetch were proven to be good by fi eld inoculation 

experiments, during the past six years. In order to extend 
the good strains to farmers raising legumes on their fi elds, 
experiments with powdered inoculant which is cheap and 
easier to use were undertaken to fi nd an ideal powdered 
inoculant. The well known peat has been proven to be a good 
carrier for nodule bacteria in Europe and America. Because 
of the lack of peat in Taiwan, two kinds of carriers, a mixture 
of bagasse, charcoal meal and soil and a compost powder 
preparation were tested. Other related effects such as carrier 
material, moisture level, time of nutrient supply, maximum 
fi ssion rate of inoculum, type of packing, preservation 
temperature on the survival of soybean bacteria were also 
included. Field inoculations of the prepared powdered 
inoculants were carried out.
 “The results are summarized as follows:
 “1. Mixture of compost and charcoal meal is better than 
that of bagasse, charcoal meal and soil as a carrier.
 “2. One per cent of CaCO3 used as a buffer in the 
inoculant was found to be suffi cient.
 “3. Nutrient solution must be added when the carrier 
has been completely sterilized or at the time of mixing with 
inoculum.
 “4. Seven to fourteen days old cultures of the tested 
organism both in pure culture and in powdered inoculant is 
the logarithmic growth phase at which the cells reach their 
maximum rate of fi ssion.
 “5. Preservation of inoculant in a sealed container 
(anaerobic) and cold condition (below 10ºC) gave best 
results.
 “6. It was found that the compost carrier is the best 
material for making inoculant among the tested materials. It 
increased yield of soybean by about 21.6% while that in pure 
culture inoculated plots was 14.34%.
 “The powdered inoculant can be made by developing 
a heavy suspension of pure root nodule bacteria by shaking 
liquid nutrients. The suspension is then mixed at the right 
stage of growth, thoroughly with sterilized compost charcoal 
carrier which has been sterilized for 4 hours in the autoclave 
at 15 lb pressure. Yeast-extract mannitol nutrient solution 
is then added to the carriers to bring the moisture content 
approximately to 50% of the water-holding capacity of 
carriers. The material, after mixing, is then dispensed into 
sealed containers, incubated at room temperature for 1 
week, then stored in the refrigerator, at approximately 7ºC.” 
Address: Associate Professor, Taiwan Provincial College of 
Agriculture.

1482. Freire, Joao Rui Jardim. 1960. A inoculaçao da soja 
[Inoculation of soybeans]. Boletim do Campo No. 137. p. 
13-15. [Por]*
Address: Secretaria da Agricultura, Servico de Fitopatologia, 
Brazil.

1483. Saric, Zora. 1960. Adaptacija kvrzicnih bakterija na 
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soji u prirodnim uslovima [The adaptation of root nodule 
bacteria to soybeans under natural conditions]. Savremena 
Poljoprivreda (Contemporary Agriculture) 8(1):18-24. [15 
ref. Scr; eng]
• Summary: “It is a well-known fact that soils in which soya 
is not cultivated do not contain Rhizobium japonicum. In 
the soils of the Institute for Plant Breeding at Zemun Polje, 
where we carried out our experiments, all groups, of nodule 
bacteria were found except Rhizobium japonicum. However, 
on plants which were also new to this region, such as pea-
nuts; lespedeza and others, nodules were found, although 
their number was much less than the number of nodules 
found on domesticated leguminosae. These observations 
led us to investigate the possibility of adapting the existing 
nodule bacteria on to soya, as a new host plant.
 “We carried out two tests: the fi rst in 1953 and the 
second in 1957. The fi rst test was made in vegetation pots 
in natural soil from the Institute’s estate. This soil contained 
all species of Rhizobium except Rhizobium japonicum. 
Four generations of soya were grown in these vegetation 
pots. After fl owering the plants were taken out carefully 
and analysed for the presence of nodules. The second test 
was conducted in Erlenmeyer fl asks, which were stopped 
with cotton wool and watered through a tube which was 
also stopped with cotton wool. The soil in the second test 
was enriched by active nodule bacteria except Rhizobium 
japonicum.
 “In the fi rst and second generations no nodules were 
found on the roots of the soya in either test. In the third 
veneration two nodules were found on one plant in the 
ripening stage in the fi rst test. In the fourth generation 20 
nodules were obtained The majority of the nodules were 
very small, and we did not succeed in isolating cultures from 
them. We isolated 8 cultures, of which only 4 (3, 7, 2 and 
4) proved to be permanently adapted to soya, retaining their 
virulence to soya even in later generations. The strains 1, 5, 
6, and 8 were only temporarily adapted, and lost this newly 
acquired virulence to soya in later generations.
 “In the second test we obtained 36 nodules from 8 
plants as early as the second generation, and in the fourth 
generation all the plants developed nodules. The majority of 
the strains were permanently adapted, except the 8 strains 
which proved to be only temporarily adapted.
 “It is clear the nodule bacteria from soil under the 
infl uence of new plants changed in the process of adaptation 
to the new host. However, only those strains which are 
close to the strains of Rhizobium japonicum as regards their 
morphological, physiological and growing characteristics 
were permanently adapted; this was the case with the 
majority of the strains from the second test, and strains 
number 3, 7, 2 and 4 from the fi rst test. The strains which 
were temporarily adapted on to soya and lost virulence in 
later generations were close to Rhizobium meliloti in their 
physiological, morphological and breeding qualities.

 “In the process of the adaptation of nodule bacteria 
the plant is an active factor and under the infl uence of its 
root secretions the bacteria undergo transformations which 
enable them to make use of these secretions. The process of 
adaptation ends in the root system itself, and under its direct 
infl uence.
 “The process of adaptation also depends on the 
individual properties of the bacterial cells–their life capacity, 
biological activity and other factors, as well as on the specifi c 
characteristics of the strains which may adapt themselves. 
Hence in this process there appear not only permanently 
adapted strains, but also temporary ones, which in later 
generations lose the virulence they have acquired towards 
their new host.” Address: PhD, Poljoprivredni fakultet 
[Faculty of Agriculture], Novi Sad, Yugoslavia.

1484. Division of Plant Industry, Commonwealth Scientifi c 
and Industrial Research Organization, Australia. 1960. The 
site and mechanism of nitrogen fi xation in legume nodules. 
CSIRO Research Review. p. 46-48. For the year ending 30 
June 1960. Undated.
• Summary: Radioactive nitrogen-15 was used in an 
experiment to fi nd its distribution in centrifugal fractions 
of soybean nodules which had been exposed to labelled 
atmospheres; this nitrogen appeared fi rst in the host 
membranes which enclose the bacteroids. The bacteroids 
were not labelled. The initial steps of nitrogen fi xation 
appear to occur in those membranes from which nitrogen 
passes into the soluble fraction.

1485. Ohlrogge, A.J. 1960. Mineral nutrition of soybeans. 
Advances in Agronomy 12:229-63. [81 ref]
• Summary: A good review of the literature. Contents: 
Introduction. Growth analysis. Nitrogen: Concentrations 
in the plant, rate of uptake, redistribution [translocation], 
fertilization. Phosphorus. Potassium. Calcium. Magnesium. 
Sulfur. Iron. Manganese. Boron. Zinc. Copper and other 
elements. The future of soybean nutrition. Address: 
Agronomy Dep., Purdue Univ., Lafayette, Indiana.

1486. Saric, Zora. 1960. Sojata–nova kultura vo naseto 
republicko zemjodelstvo [Soybeans–A new crop in the 
farming of our republic]. Socijalisticko Zemjodelstvo 
(Socialist Farming) (Sjopje) 12(11/12):44-53. [8 ref. Mac]
• Summary: Contents: Introduction (p. 44-46). Biological 
properties–Climate and soil (p. 46). Agricultural techniques 
of the soybean–Cultivating the soil and fertilizing before 
planting (p. 46-47). Planting (p. 47-49). Agricultural 
measures during vegetation (p. 49). Harvesting (p. 49-50).
 The introduction begins with a brief historical 
overview and general world signifi cance of the soybean. 
It then discusses: Nutritional value for human and animal 
consumption. Other biological traits. Chemical properties of 
its organic matter. Value/benefi ts to the agricultural industry. 
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Enrichment of the soil with nitrogen. Role of the soybean 
in the food industry, and industrial uses in the chemical, 
textile, aviation, and paint industries. The large percentage 
of soybean crops in the world yielding 25,000 to 30,000 
kg/ha compared to the smaller yields of crops harvested 
in Yugoslavia. This section ends with a small analysis. 
In Yugoslavia during the past 10 years, 5,510 ha/year of 
soybeans were planted with a yield of 9,100 kg/ha. In 1949 
some 15,500 ha were planted, decreasing in 1950 to only 
13,100 ha. Because of the very low yields produced during 
these two years, approximately 3,000 kg/ha, the planting 
of soybeans in Yugoslavia began to decline. Then in 1959, 
soybeans were planted on 10,100 ha, with the improved yield 
of 16,600 kg/ha.
 The only mention of soybeans in Macedonia appears on 
page 45 (paragraph 1, sentence no. 11-13): “In the Peoples 
Republic of Macedonia the soybean is exclusively found 
in gardens as a so-called ‘garden coffee’ and was used as a 
surrogate for coffee.”
 The last two paragraphs of the introduction (p. 45) 
discuss: (1) The primary economic role of the soybean, 
and the secondary role–soil enrichment. (2) The various 
agricultural measures and systems used worldwide to obtain 
higher yields. The importance of conducting studies to 
improve the cultivation in the region with regards to climate, 
soil, and level of mechanization.
 Three tables (p. 51-53) give rainfall and temperatures 
for the months of October, November, and December 1960, 
respectively. The far left column of each table gives the 
names of cities in which weather stations are located–Skopje, 
Bitola, Palanka, etc. The left half of the table gives rainfall in 
millimeters, and the right half gives temperature in degrees 
Celsius.
 Note 1. This is the earliest document seen (Sept. 2015) 
concerning soybeans in Macedonia or the cultivation of 
soybeans in Macedonia. Unfortunately, we are not told when 
the soybean was fi rst cultivated in Macedonia, but it was 
being cultivated by 1960.
 Note 2. Yugoslavia at this time included the 6 republics 
of Serbia, Croatia, Bosnia and Herzegovina, Slovenia, 
Macedonia, and Montenegro. However none of these 
republics except Macedonia is mentioned in this article. 
Address: Yugoslavia.

1487. Tanganyika Territory, Ministry of Agriculture and Co-
operative Development, Annual Report. 1960. Soya beans. 
For the year 1959. Part II (Research). p. 25.
• Summary: “Agronomy: A range of varieties was grown at 
Ilonga. The short season varieties outyielded the long season 
varieties some giving good yields varying from 1,000-1,531 
lb. per acre. Inoculation did not improve yields in a date of 
planting experiment.
 “At Tengery a few varieties produced yields of the order 
at 700-800 lb. per acre, others grew vigorously but failed to 

set seed.
 “A number of varieties of Rhodesian dwarf soya were 
tested at Mbozi. Yields varied from 344-1,040 lb. per acre 
whereas Hernon 237 only yielded 35-105 lb. These dwarf 
varieties may be suitable for higher areas where Hernon 237 
produces large quantities of leaf but only a little grain.
 “In a number of experiments in Lake Province yields 
were rather low 400-600 lb. per acre, at Nyamahona only 
were promising yields obtained, 700-950 lb. per acre.
 “Plant breeding and selection: The breeding and 
selection programme is proceeding very satisfactorily. 
Hernon Nachingwea has maintained its superiority in yield 
over Hernon 237 and will be grown on a fairly large scale on 
the Tanganyika Agricultural Corporation’s production farms.
 “Several thousand lines from a wide range of crosses 
have been grown and many of these were tested in 1959 in 
a series of Lattice strain trials. Many of the strains show an 
appreciable increase in yield over both parents and also other 
improvements. Results to date suggest that the breeding 
programme may result in an improvement of yield to the 
order of 50 per cent together with resistance to lodging, less 
susceptibility to shattering and a better plant habit more 
suitable to combining than Hernon 237. The proportionate 
yield might well be higher on production farms.”

1488. Shaukat-Ahmed; Evans, Harold J. 1961. The 
essentiality of cobalt for soybean plants grown under 
symbiotic conditions. Proceedings of the National Academy 
of Sciences, USA 47(1):24-36. Jan. 15. [30 ref]
• Summary: The biological importance of the element cobalt 
was fi rst recognized in 1935 with the discovery. reported in 
three different papers, that small amounts would cure certain 
defi ciency symptoms in sheep and cattle. Underwood (1956) 
has given a good review of the sequence of events leading to 
these fi ndings.
 From culture-solution experiments it is concluded that 
cobalt is essential for the growth of soybean plants under 
conditions which force them to depend upon symbiotic 
relationship with Rhizobium japonicum for nitrogen. 
Address: Dep. of Botany and Bacteriology, North Carolina 
Agric. Exp. Station, Raleigh, NC.

1489. Bergersen, F.J. 1961. Nitrate reductase in soybean root 
nodules. Biochimica et Biophysica Acta (BBA)–Bioenergetics
52(1):206-07. Jan. [8 ref]
• Summary: “This enzyme was shown to be present in the 
bacteroids before nitrogen fi xation commenced and was 
therefore not induced by fi xation products, as has been 
claimed by various authors. The decline in nitrate reductase 
activity on intact bacteroids with nodule age is not due to 
the loss of the enzyme, but either to the failure of the cells to 
generate reducing power or to permeability effects.”
 Note: This is the earliest document seen (Sept. 
2018) that uses the term “bacteroids” in connection with 
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soybeans. Address: Div. of Plant Industry, CSIRO, Canberra 
(Australia).

1490. Bergersen, F.J. 1961. Haemoglobin content of legume 
root nodules. Biochimica et Biophysica Acta (BBA)–
Bioenergetics 50(3):576-78. March. [10 ref]
• Summary: “Thornton (1) and Chen and Thornton (2) 
concluded from studies of effective and ineffective nodule 
structure of various legumes, that the amount of nitrogen 
fi xed by a nodule was a function of the volume of the 
central tissue and the time for which that tissue persisted 
without deterioration. This central tissue is composed of 
enlarged host cells containing the bacterial component of the 
symbiotic system, and a few scattered interstitial cells with 
no visible contents. The enlarged bacteroid-containing cells 
contain haemoglobin (3).” Address: Div. of Plant Industry, 
CSIRO, Canberra (Australia).

1491. Means, Ura Mae; Johnson, Herbert W.; Erdman, Lewis 
W. 1961. Competition between bacterial strains effecting 
nodulation in soybeans. Soil Science Society of America 
Proceedings 25(2):105-08. March/April. [12 ref]
• Summary: “Abstract: Competition between genotypes 
of Rhizobium japonicum was studied by using chlorosis-
inducing strains 76 and 94 to facilitate identifi cation of 
strains recovered from the nodules of soybean plants. 
Chlorosis-inducing strains were individually mixed in 
varying proportions with each of nine normal strains and the 
mixtures were used as inoculants on the Hawkeye and Lee 
varieties. The plants were cultured in the greenhouse under 
conditions previously described.
 “Technique studies indicated that with rare exceptions 
a single nodule contained only one bacterial strain and 
that chlorosis of sorghum seedlings produced by a water 
extract of a nodule was a reliable indication that the nodule 
contained a chlorosis-inducing strain.
 “Strain 76 had a pronounced competitive advantage over 
all normal strains regardless of the proportions of the strain 
in the mixtures. As little as 1.1% of strain 76 in the mixture 
with strain 38 caused 85% of the nodules. Strains 31 and 71 
were more competitive against strain 76 than were the other 
normal strains. Chlorosis-inducing strain 94 was much less 
competitive against 8 of the 9 normal strains than was strain 
76.
 “The extent of chlorosis of the soybean plants gave a 
rough estimate of the competitive relationships between 
strains. The varieties Hawkeye and Lee were essentially 
identical in response to the various mixtures.” Address: 1&3. 
Bacteriologist; 2. Research Agronomist. All: Soil and Water 
Conservation and Crops Research Divisions, Agricultural 
Research Service, USDA, Beltsville, Maryland.

1492. Seeger, J.R. 1961. Le problème de l’excrêtion d’azote 
par les lêgumineuses: Premières recherches en région 

équatoriale [The problem of nitrogen excretion by legumes: 
Initial investigations in the equatorial regions]. Plant and 
Soil 14(3):277-87. May. [15 ref. Fre; eng]
• Summary: “Associated cultures of legumes and non-
legumes were grown at Yangambi ([Belgian] Congo), in 
pots, to test whether legumes do excrete nitrogen in the 
equatorial regions or not. In only two of the eighteen trials 
was it possible to detect a possible nitrogen excretion.”
 Page 282 states that maize, grown in a substrate without 
nitrogen, gained in nitrogen from its association with peanuts 
(arachide) and soybeans (soja). A minute examination of the 
roots of these two legumes did not reveal any nodules; yet 
one can reasonably propose, in these two trials, an excretion 
of nitrogen by the nodules of the soybeans and peanuts. 
Address: Division d’Agrologie de l’I.N.E.A.C., Yangambi, 
Congo [Belgian Congo].

1493. Streuber, Eberhard. 1961. Untersuchungen ueber 
Anbautechnik und Ertragsleistung der Sojabohne, Glycine 
max (L.) Merr. [Cultivation techniques and yields of the 
soybean, Glycine max.]. Kuehn-Archiv 75:102-89. June 28. 
[164 ref. Ger; eng; fre; rus]
• Summary: “This work deals with researches of comparing 
the planting technique, the increasing nitrogen fertilizing 
levels and inoculation tests and comparison with other 
legumes.
 “(1) The experiments of seeding were carried out as a 
plot experiment (split plot) during three years on a loamy 
loess soil rich in humus and on a sandy soil. Questions of 
planting time, of space between the plants and of sowing 
quantities are discussed. The results of crop yield, of 1000 
grains’ weight and the values of crude protein and crude fat 
were analyzed. The effective factors (1000 grains’ weight, 
number of beans per capsule [pod] etc) are compared by 
counting per square meter area.
 “(2) The researches of increasing nitrogen fertilizing 
levels and inoculation tests were also carried out on two 
different soils (multiple factors; split plot). The effects of 
fertilization and inoculation were others with each soil. 
Fertilizing with doses of nitrogen later on was effective.
 “Vascular trials (vasculars of Mitscherlich) supported 
the plot experiments.
 “(3) Comparing the legumes during 5 years revealed an 
extensive variation of crop yields (Phaseolus vulgaris, Pisum 
sativum, Vicia faba, Lupinus albus, Lupinus angustifolius, 
Glycine max). An evidence could be brought that it is not 
suffi cient to compare legumes on their yield of crude protein 
per area. To compare the legumes on their physiological 
utilisable protein (PNP) that is the fi ttest comparative 
measurement today.
 “(4) For the cultivation of soy beans in the German 
Democratic Republic the following must be seen: the 
strains bred up to day don’ have any chance. But the greater 
economy of cultivating soy beans will be attained on light 
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soils compared to heavy ones.
 “Some open questions of farming and cultivating 
essential for cultivating soy beans are profi tably shown.” 
Address: Inst. fuer Acker- und Pfl anzenbau der Martin-
Luther Universitaet Halle-Wittenberg, East Germany.

1494. Henderson, F.C. 1961. Department of Agriculture, 
Stock and Fisheries. Territory of Papua and New Guinea, 
Department of Agriculture, Stock and Fisheries, Annual 
Report (Port Moresby). p. 12-94. June. For the year 1959-60. 
See p. 32, 68, 70-72.
• Summary: In the section on “Division of Plant Industry,” a 
subsection titled “Plant Introduction and Quarantine Station, 
Laloki” (near Port Morseby, Papua New Guinea) notes that 
this station is located 15 miles from Port Moresby in what 
might be called an ecological island in an irrigable river fl at. 
Table 34 (p. 68) gives a classifi ed list of plant introductions 
to Laloki during 1959-60, including 21 varieties of soybeans 
and 55 of peanuts.
 A paragraph on “Soya beans (Glycine max)” (p. 70) 
states: “A wide range of soya bean varieties was introduced 
from the Commonwealth Scientifi c and Industrial Research 
Organization [CSIRO] of Australia and the United States 
Department of Agriculture [USDA]. After multiplication at 
Laloki, the varieties were distributed for fi eld trial.”
 Note: This is the earliest document seen (March 2010) 
that clearly concerns soybeans in Papua New Guinea. This 
document contains the earliest clear date seen for soybeans 
in Papua New Guinea (Date)
 The subsection titled “Plant pathology” states (p. 71) 
that four bottles of Rhizobium inoculum for Glycine max 
were distributed to soya bean growers in the territory. 
Rhizobia also produced successful nodulation on soya beans 
(p. 72).

1495. Vernetti, Francisco de Jesus. 1961. Instruçoes praticas 
para a cultura da soja [Practical instructions for growing 
soybeans (in Brazil)]. Instituto Agronomico do Sul, Circular 
(Pelotas, Rio Grande do Sul, Brazil) No. 19. 29 p. Oct. [34 
ref. Por]
• Summary: A brief discussion of all the basic points to 
be covered, including preparation of the soil, inoculation, 
density of seeding, harvesting, etc. Address: Eng. Agr., 
Seccao de Fitotecnia e Genetica.

1496. Callander, S.E.; Roberts, E.R. 1961. Studies in the 
biological fi xation of nitrogen. XI. Reduction of the azo- and 
other unsaturated linkages by hydrogenase. Biochimica et 
Biophysica Acta (BBA)–Bioenergetics 54(1):92-101. Nov. 
25. [28 ref]
• Summary: “Only the azo linkage in the azopyridines could 
be reduced; other azo compounds either required an artifi cial 
carrier or could not be reduced at all. This is explained in 
terms of the electron density between the nitrogen atoms.” 

Address: Imperial College of Science and Technology, 
London, Great Britain.

1497. Howell, Robert W. 1961. Physiological comparisons of 
soybeans and corn. Soybean Digest. Nov. p. 16-18.
• Summary: “Why don’t soybeans yield as much as corn or 
cotton? This question has probably occurred to every farmer 
who has grown soybeans after experience with other crops, 
and it has probably been asked of every agronomist working 
with soybeans.
 “There are some basic biological facts which are 
pertinent to such a question. In this paper some of these 
facts as they relate to soybeans and corn will be considered. 
Similar comparisons of soybeans with other crops would be 
possible.
 “Basic to any inter-crop comparison is a consideration 
of the chemical composition of the product. Soybeans 
are relatively high in oil and protein and relatively low 
in carbohydrates. Corn, on the other hand, is high in 
carbohydrates and low in oil and protein. The average 
energy contents or caloric values of these three classes of 
food materials are as follows: carbohydrates, 1,860 Kcals/
lb.; fats and oils, 4,300; proteins, 2,560. Fats and oils contain 
two and one-third times as much energy per pound as do 
carbohydrates. Proteins contain one and a third times as 
much. It is therefore apparent that a bushel of soybeans will 
contain substantially more energy than a bushel of corn.
 “Both corn and soybeans (as well as any other crop) 
depend on sunlight for the energy which is ultimately stored 
in the seeds. During the season a fi eld of corn and a fi eld of 
soybeans will absorb about the same total amount of light. 
Therefore they have available about the same amount of 
energy. If one crop concentrates this fi xed amount of energy 
into units which contain more energy per pound it will 
obviously be able to make fewer pounds. This is exactly the 
situation in the case of soybeans as compared with corn. 
Soybeans concentrate more of the total available energy in 
oil and protein than does corn and therefore can make fewer 
total pounds of material from the given amount of light 
energy which is absorbed.
 “In addition to the storage of some of the energy in 
the seed another important concept to recognize concerns 
the ‘work’ which the plant must do to make high-energy 
materials such as oil and protein. The fi rst major product 
of photosynthesis is carbohydrate which the leaves of most 
plants store in the form of starch. This carbohydrate can 
be considered a raw material or starting material for the 
synthesis or formation of other materials. To make products 
such as oil and protein the plant must not only concentrate 
the energy into tighter units but also must consume a certain 
amount of energy to do the work of synthesis.
 “To illustrate, in making 1 pound of oil a plant uses up 
nearly 5 pounds of carbohydrates. About 55% of the energy 
in 5 pounds of carbohydrates is represented by the energy in 
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1 pound of oil. The remaining 45% is used up or ‘burned’ in 
the process of building the higher energy oil molecules and is 
thus lost from the plant.
 “Cost of Protein: There is a similar cost in the synthesis 
of protein but it is somewhat smaller than that required for 
synthesis of oil.
 “The magnitude and importance of the chemical 
composition and the work factor are illustrated in table 1. 
When the caloric values of the stored materials and the work 
factors are considered, a bushel of soybeans represents more 
than twice the caloric value of a bushel of corn.
 “The item in table 1. for work energy in nitrogen 
fi xation should be noted. There is considerable uncertainty 
about the precision of the estimate of this item. There is also 
uncertainty about the amount of energy required by any plant 
to absorb nutrient elements from the soil. It is the general 
opinion, however, that energy requirements for absorption 
of nutrients is quite low. The information available on the 
metabolism of the nodule systems in which nitrogen is fi xed 
suggests that for a crop of about 40 bushels of soybeans the 
work factor estimated in table 1 is probably reasonable. Corn 
and other non-legumes have no such energy requirement. At 
the bottom of table 1 is a summary indicating that a yield of 
about 45 bushels of soybeans is equivalent to 100 bushels 
of corn. It is interesting that the Illinois average yields for 
the 10-year period 1948-57 and for the years 1958 and 1959 
show a ratio of soybean to corn yields of .40 to .45 in each 
case.
 “Response Surprising: The information and concepts 
concerning energy are important in placing inter-crop 
comparisons in proper perspective. The often alleged poor 
response of soybeans is in fact not real. On a pound or bushel 
basis soybeans are simply more valuable than corn, not only 
in the market place and in animal feeding value but in terms 
of energy content or work the plant has to do. A fi eld of 
soybeans which is producing in the 45-bushel range is doing 
the same job as a fi eld of corn producing in the 100-bushel 
range.
 “These considerations in no way detract from the 
desire to improve soybean crop performance. In a way it is 
surprising that soybeans have done so well with techniques 
designed for other crops. This pertains not only to machinery 
but to fertilizer and cultural practices.
 “It is quite possible that soybeans have nutrient 
requirements at different stages of growth which are unlike 
those of other crops. This is illustrated for potassium in 
fi gure 1. Whereas corn contains its maximum amount of 
potassium when seed development begins and actually 
appears to lose about 10% during the latter part of the growth 
cycle, soybeans have a high requirement for potassium 
during the period of seed development. Yet there is reason 
for serious doubt as to whether a good soybean crop can get 
all the potassium it needs during this late period. Acquisition 
of potassium is probably limited both by the immobility 

of the element in the soil and by the reduction or cessation 
of root growth during this late period. This fertility-plant 
relationship seems to be quite different in corn and soybeans 
and illustrates the fact that practices appropriate for one crop 
are not necessarily best for another crop.
 “There is need for a new approach in the study of 
fertility problems as related to soybeans which takes into 
account special requirements during the latter part of the 
growth cycle.
 “The soybean has similar high requirements for other 
elements, particularly phosphorus and nitrogen, during the 
period of seed development. The problems for phosphorus 
are very similar to those for potassium. Since phosphorus 
is relatively immobile in the soil the possibility exists that 
defi ciencies of this element and of potassium may exist in 
the immediate zone of the root even though a soil test might 
indicate adequate supplies of the element. For nitrogen the 
problems are somewhat different because the element is 
mobile and the operation of the nitrogen fi xing system is 
intimately involved in the general nitrogen picture.
 “In summary it can be stated that any comparison of two 
crops such as soybeans and corn should take into account 
their chemical compositions and the energy factors involved, 
not only in the stored materials such as carbohydrates, 
fats and proteins, but also the energy requirements for the 
formation of high-energy materials. There is evidence that 
soybeans have somewhat different requirements for nutrients 
as related to stage of growth and these differences should 
also be considered in inter-crop comparisons.”
 Tables (1) “Work” in soybean and corn production.
 Figures: (1) Graph of potassium accumulation in 
soybean and corn plants during growth. Address: Plant 
Physiologist, U.S. Regional Soybean Lab.

1498. Elkan, Gerald H. 1961. A nodulation-inhibiting root 
extraction from a non-nodulating soybean strain. Canadian 
J. of Microbiology 7(6):851-56. Dec. [10 ref]
• Summary: “Introduction: A potentially valuable tool 
for the investigation of factors governing nodulation is 
available because of the development of a near-isogenic 
non-nodulating soybean line. Comparative studies using 
this mutant and the nodulating sister strain offer a possible 
means for the determination of specifi c nutritional and 
environmental factors critical to nodulation.
 “The evidence indicates that physiological 
interrelationships between the legume host and the rhizobia 
are involved in the mechanisms of infection.” Address: Dep. 
of Botany and Bacteriology, North Carolina State College, 
Raleigh, North Carolina.

1499. Griffi th, R.A. 1961. Report of the Committee 
Established to Investigate the Production and Utilization 
Prospects of the Soya Bean in the Federation. Salisbury, 
Rhodesia: Federal Ministry of Agriculture. *
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• Summary: The Griffi th Committee, established by 
the Federal Government to examine the possibilities of 
expanding soyabean production, published its report in 1961; 
it drew attention to the fact that “reluctance to the growing 
of soyabeans stems largely from the low yields obtained 
resulting in an insuffi ciently attractive return per acre.” The 
low yields may have resulted from problems in inoculation. 
On marketing, the Committee noted the need for an assured 
and regular supply of soyabeans in order to justify the 
installation of a commercial soybean crushing plant.

1500. Ragimov, A.S. 1961. [The infl uence on different 
methods of sowing soyabean on the formation of root 
nodules]. Izvestiia Akademii Nauk Azerbaidzhanskoi SSR 
(Bulletin of the Academy of Sciences of Azerbaidzhan SSR) 
Ser. Biol. and Med. Sci No. 3. p. 37-40. Russian translation. 
[5 ref. Ser]

1501. Tabin, S. 1961. [Infl uence of inoculation of soyabean 
seed on yield, amount of stubble and root residues, content 
of foodstuffs and carotene]. Annales Universitatis Mariae 
Curie-Sklodowska 16:123-51. [35 ref. Pol; rus; eng]*

1502. Bergersen, F.J. 1961. Oxygen tension, nodule 
respiration and nitrogen fi xation. Division of Plant Industry, 
CSIRO, Annual Report p. 41. For the years 1960-61.
• Summary: The respiration of nodules on soybeans 
increased with increasing oxygen tension up to 0.9 
atmospheres, but oxygen tensions above 0.5 atmospheres 
decreased the nitrogen fi xation of detached nodules. It 
was hypothesized that at oxygen tensions of up to 0.5 
atmospheres the stimulation of the activity of the soybeans 
provided an increased substrate supply for the bacteroids, but 
above this, the oxygen interfered with the nitrogen available 
for reduction by the bacteroids.
 Note: This is the earliest document seen (July 2018) 
that uses the term “bacteroids” in connection with soybeans. 
Address: M.Sc. (Hons.), Microbiology, research offi cer 
[Australia].

1503. Bergersen, F.J. 1961. Nitrate reductase in soybean root 
nodules. Division of Plant Industry, CSIRO, Annual Report 
p. 41. For the years 1960-61.
• Summary: “This enzyme was shown to be present in the 
bacteroids before nitrogen fi xation commenced and was 
therefore not induced by fi xation products, as has been 
claimed by various authors. The decline in nitrate reductase 
activity on intact bacteroids with nodule age is not due to 
the loss of the enzyme, but either to the failure of the cells to 
generate reducing power or to permeability effects.” Address: 
M.Sc. (Hons.), Microbiology, research offi cer [Australia].

1504. Bergerson, F.J.; Burris, R.H.; Wilson, P.W. 1961. 
Biochemical studies on soybean nodules. Recent Advances in 

Botany 1:589-93. From Lectures and Symposia Presented to 
the IX International Botanical Congress, Montreal, Canada 
(1959). [11 ref]
• Summary: “Although there are many histological and 
developmental differences between root nodules of various 
species of legumes, all have a relatively large volume of 
special tissue whose cells contain great numbers of specially 
adapted nodule bacteria, the ‘bacteroids.’” Address: Div. 
of Plant Industry, C.S.I.R.O., Canberra, and Depts. of 
Biochemistry and Bacteriology, Univ. of Wisconsin.

1505. Brock, Thomas D. trans. and ed. 1961. Milestones in 
microbiology. Englewood Cliffs, New Jersey: Prentice-Hall, 
Inc. 275 p. [50+* ref]
• Summary: A collection of classic publications, with foreign 
ones translated into English. Address: Dep. of Bacteriology, 
Indiana Univ. and Dep. of Microbiology, Indiana Univ. 
Medical Center.

1506. Burton, Joe C. 1961. Selection, propagation, and 
practical use of rhizobia cultures in the United States. Recent 
Advances in Botany 1:596-600. From Lectures and Symposia 
Presented to the IX International Botanical Congress, 
Montreal, Canada (1959).
• Summary: Contents: Introduction. Plant groupings 
(eight are of commercial importance). Strain selection [of 
highly effective rhizobia]. Bacteria propagation. Inoculant 
preparation. Seed application. Field results. Inoculant usage.
 An estimated 43% of the legume seeds planted in the 
United States each year are inoculated. “Approximately 68% 
of the total inoculant production in the United States is for 
soybeans;” 19% is for alfalfa and clovers, and 12% is for 
other legume seeds.
 “It would be interesting to know the exact amount of 
nitrogen which is fi xed each year by inoculated legumes. 
According to data reported, the amount fi xed per acre per 
year by different legumes ranges from 40 to 2,000 pounds 
of nitrogen. With 115,000,000 acres and an average fi xation 
of 1,000 pounds of nitrogen per acre per year, the amount 
would be 5,750,000 tons of nitrogen.” Address: Nitragin Co., 
Milwaukee, Wisconsin.

1507. Ellfolk, Nils. 1961. Crystalline leghemoglobin. IV. 
Spectroscopic studies of the two main metleghemoglobin 
components and some of their fatty acid complexes. Acta 
Chemica Scandinavica 15(5):975-84. [38 ref]
• Summary: This article begins: “In 1939 Kubo (1) for the 
fi rst time examined spectrophotometrically the pigment from 
soy bean root nodules and determined the positions of its 
absorption bands under different conditions. The oxygenated 
pigment showed absorption bands at 575 and 540 mµ, which 
on reduction were replaced by one band at 555 mµ.”
 Note: This is no evidence in this paper that soybeans 
were grown in Finland. Address: Medicinska Nobelinstitutet, 
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Biokemiska avdelingen, Stockholm, Sweden. Permanent 
address: Research laboratories of the State Alcohol 
Monopoly, Helsinki.

1508. Elkan, Gerald H. 1962. Comparison of rhizosphere 
microorganisms of genetically related nodulating and non-
nodulating soybean lines. Canadian J. of Microbiology 
8(1):79-87. Feb. [12 ref]
• Summary: “The nn [non-nodulating] rhizosphere contained 
fewer microbes able to grow on basal medium and more 
microbes which required the various enriched media for 
growth. This indicates that in addition to having numerical 
differences, nutritionally different groups of microbes are 
found in the two rhizospheres. Rhizobia were found in the 
roots of both soybeans but were present in higher numbers in 
the roots of the nodulating strain.” Address: Dep. of Botany 
and Bacteriology, North Carolina State College, Raleigh, 
North Carolina.

1509. Wagner, G.H. 1962. Nitrogen fertilization of soybeans. 
Missouri Agricultural Experiment Station, Research Bulletin 
No. 797. 23 p. April. [9 ref]
• Summary: “It has been generally accepted for many years 
that the presence of large amounts if mineral nitrogen in a 
soil in which a legume is growing would limit nodulation 
and thus nitrogen fi xation.” In 1945 Norman and Krampitz 
fi rst used a tagged nitrogen isotope to trace the origin of 
nitrogen being used by the plant. “Their results for soybeans 
indicated that large amounts of mineral nitrogen could 
reduce nitrogen fi xation to the extent that it amounted to no 
more than 30 percent of the total plant consumption.”
 “Two soybean varieties were included in this study, a 
nodulating and a non-nodulating variety. The nodulating 
variety was Clark and the non-nodulating variety was a 
relative of Clark, from the same parental background.
 Conclusion: There “may be seasons in which soybeans 
show a signifi cant positive yield response to nitrogen 
fertilization. These responses are not striking, however, and 
are not clearly defi ned...” Address: Midwest Claypan Exp. 
Farm, McCredie.

1510. Shade, Lucille. 1962. How soybeans can help you. 
Organic Gardening and Farming 9(5):22-24. May.
• Summary: The subtitle reads: “A remarkable plant that 
yields a highly nutritious food, helps build soil, and does a 
dozen other jobs–the soybean belongs in your garden.” A 
photo caption states: “The vegetable soybean draws heavily 
upon lime in the soil, but will return nitrogen if the residue 
of the vine is left in the fi eld and turned under. Soybeans give 
the most complete vegetable protein.”
 “Soybeans can be eaten green in much the same way 
you’d eat lima beans... They can be roasted and eaten like 
peanuts, or used to make soy milk for babies allergic to other 
kinds of milk.

 “For the home garden, be sure you get an edible or 
vegetable variety, not a farm legume or forage type. Edible 
strains differ as much in palatability from fi eld varieties as 
does sweet corn from fi eld corn... Two of the better edible 
varieties are Bansei and Pando. These mature fully in about 
96 days... Green vegetable soys may be prepared the same 
way as other garden beans. They make a good addition to 
soups, chili con carne, salads, etc. Mixed with corn, they 
make a delicious succotash.
 “Soybeans should be inoculated like any other legume. 
Not only will they do better but the inoculant will help the 
plant to utilize nitrogen from the air rather than from the soil. 
Soybeans can obtain as much as two-thirds of their nitrogen 
from the air.
 “A package of inoculant can be purchased at almost 
any garden center very cheaply. Twenty-fi ve cents will buy 
enough to inoculate 5 or 6 pounds of beans. To use, simply 
dump the seeds in a pan, cover with water and then drain 
immediately. Sprinkle the inoculant powder over the seeds, 
mix well, and plant.
 “Soybeans have long been used as a green manure crop 
to improve both the condition of the soil and to add a goodly 
amount of nitrogen as well. For best results, inoculate the 
soybean seeds, plant at the rate of about 3 pounds for each 
1000 square feet of ground and turn under when the plants 
reach the blossom stage. They will then be as large as they’ll 
ever be and still be tender enough to decay rapidly in the 
soil. Most of the nitrogen has been gathered by this time 
also.
 “Soybean meal is one of the fi nest organic fertilizers you 
can buy.”
 Note: This is the earliest article on soy seen (Aug. 2002) 
in Organic Gardening and Farming magazine.

1511. Bergersen, F.J. 1962. Oxygenation of leghæmoglobin 
in soybean root-nodules in relation to the external oxygen 
tension. Nature (London) 194(4833):1059-61. June 16. [13 
ref]
• Summary: “Leghæmoglobin, the characteristic red pigment 
of legume root nodules, seems to be involved in some 
component reaction of the fi xation of atmospheric nitrogen 
which these organs accomplish.” This experiment indicates 
that there is an oxygen barrier in the nodules which does 
not permit the passage of oxygen into envelopes containing 
bacteroids until a certain oxygen tension has been exceeded. 
Address: Div. of Plant Industry, Commonwealth Scientifi c 
and Industrial REsearch Organization (CSIRO), Canberra 
[Australia].

1512. Bergersen, F.J. 1962. The effects of partial pressure of 
oxygen upon respiration and nitrogen fi xation by soybean 
root nodules. J. of General Microbiology (England) 
29(1):113-25. Sept. [16 ref]
• Summary: “Increased oxygen tension... caused increased 
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respiration by excised soybean nodules of all ages. The 
increase took place in two steps...” It is suggested that the 
fi rst step is due to oxygen consumption by plant tissue and 
the 2nd step to oxygen consumption by the bacteroids.
 The respiration of bacteroids increased with increased 
oxygen tension. Increased oxygen tension increased nitrogen 
fi xation by excised modules. Address: Div. of Plant Industry, 
CSIRO [Commonwealth Scientifi c and Industrial Research 
Organization], Canberra, Australia.

1513. Soybean Digest. 1962. Index of advertisers. Sept. p. 4.
• Summary: Advertisers include: Aeroglide Corp. 
Agricultural Laboratories, Inc. Allied Mills, Inc. Amchem 
Products, Inc. American Express Field Warehousing Corp. 
American Liberty Tank Terminals. American Mineral 
Spirits Co. Arkansas Grain Corp. Bache & Co. Barrow-
Agee Laboratories. Berkeley Associates. R.J. Brown 
Co. Cargill, Inc. Central Iowa Bean Mill. Chase Bag Co. 
Coastal Laboratories, Inc. Continental Grain Co. Crippen 
Manufacturing Co. Crown Zellerbach Corp. Dannen Mills, 
Inc. Davenport Machine & Foundry Co. Day Co. Delhi-
Taylor Oil Corp. Drake Petroleum Co. Louis Dreyfus Corp. 
Extraction Continue De Smet. Farmer City Grain Co. 
Farmers Cooperative Assn. A.T. Ferrell & Co. Fred Forsberg 
& Sons, Inc. French Oil Mill Machinery Co. General Mills, 
Inc. Great Plains Bag Co. Jacob Hartz Seed Co., Inc. H. 
Hentz & Co. Hess Terminals. Hica Petrochemicals, Inc. 
Humble Oil & Refi ning Co. H.D. Hume Co. Iowa Milling 
Co. Jensen Mills. Kansas Soya Products Co., Inc. Langston 
Bag Co. Lauhoff Soya Co. Law & Co. George Lloyd Levin. 
Lockwood Grader Corp. Douglas L. Mains Co. M & W Gear 
Co. Mico Inc. N. Hunt Moore & Associates. Muskogee Iron 
Works, Inc. Myers-Sherman Co. National Tank Co. New 
York Terminal Warehouse. Phillips Petroleum Co. Port of 
New Orleans [Louisiana]. Rudy-Patrick Seed Co. Signal 
Oil & Gas Co. Simon-Carter Co. Southern Soya Corp. 
Standard Commission Co. Stillpass Transit Co. Tri-County 
Co-op Soybean Assn. Twin City Machine Co. Universal, Inc. 
Urbana Laboratories. Viking Pump Co. West Bend Elevator 
Co. K.I. Willis Corp. Woodson-Tenet Laboratories. Albrecht 
H. Zetzsche.
 Note 1. This is the earliest “Index of advertisers” 
section at the beginning of any issue of Soybean Digest. The 
“Convention Issue” in September had long been the biggest 
issue of the year, and the one with the most advertisements.
 Note 2. The next such “Index of advertisers” did not 
appear until July 1963, but from that month on there was an 
Index at the front of every issue.

1514. Landero Perez, Robledo. 1962-1963. La soya en 
Panamá. Estudio evaluativo de fertilizantes y variedades 
[The soybean in Panama: An evaluative study of fertilizers 
and varieties]. Tesis Ingeniería Agronómica, Facultad 
de Agronomía, Universidad de Panamá, Panamá. 135 p. 

(Mecanografi ada). [Spa]
• Summary: Contents: Introduction. Part I: The soybean 
(El frijol soya). General description. Botanical description. 
Morphology. Physiology. Inoculation of seeds. Utilization 
of the soybean (3 pages of tables showing food, industrial, 
and feed uses of the soybean, soy protein, and soy oil). 
Part II: The soybean in Panama. History of soybean 
experiments conducted in Panama. Imports and exports of 
soybeans and soy products. Potential in the oil industry. 
The importance of soybean cultivation in Panama. Part III: 
Fertilizer experiments with soybeans. Brief explanation. 
Treatments. Experimental plan. Details of different factors 
of the experiment. Variations: Observations in the fi eld, 
observations of the pods and seeds. Details and explanation 
of the plots (cuadros): Observations in the fi eld, observations 
of the pods and seeds. Analysis of variance: Explanation of 
the tables, conclusion.
 Part IV: Replicated experiments with soybean varieties: 
Brief explanation, varieties, experimental plan, details of 
different factors of the experiment. Variations: Observations 
in the fi eld, observations of the pods and seeds. Details 
and explanation of the plots: Observations in the fi eld, 
observations of the pods and seeds. Analysis of variance: 
Explanation of the tables, conclusion.
 Part V. Non-replicated experiments with soybean 
varieties: Brief explanation, varieties, experimental plan, 
details of different factors of the experiment. Variations: 
Observations in the fi eld, observations of the pods and 
seeds. Explanation of the plots: Observations in the fi eld, 
observations of the pods and seeds. Table showing the 
production of different varieties. Conclusion.
 Part VI. Discussion of the experiment. General 
conclusions. Recommendations. Appendixes: 1. 
Classifi cation of the varieties used in the experiments 
according to the color of their pubescence (chocolate, 
cream, or white). 3. Classifi cation of varieties according to 
their growth habits (erect, semi-crawling, crawling/vining/
procumbent) (rasteras). 4. Varieties according to the size 
of their leaves. 5. Varieties according to the color of their 
leaves (green, greenish yellow, yellowish). 6. Varieties 
according to the wrinkling/creasing (arrugamiento) of their 
leaves. 7. Varieties according to defoliation at maturity. 
8. Varieties according to uniformity during maturation. 9. 
Varieties according to the size of their fi rst node (Entre 
Nudos, in cm). 10. Varieties according to the length of their 
pods. 11. Varieties according to the color of their pods. 12. 
Varieties according to the caída of their pods. 13. Variety 
and number of pods per axil. 14. Varieties according to the 
average number of seeds per pod. 15. Varieties according to 
the characteristics of the seed: Color of the seed, hilum, and 
cotyledons. 16 Varieties according to vanas pods.
 The section on the history of soybean experiments in 
Panama (p. 12-13) states: “The soybean is a crop that is of 
interest to the Department of Agricultural Investigations 
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(Departamento de Investigación Agrícola) of the Ministry of 
Agriculture, Commerce, and Industry for its qualities useful 
in the commercial production of oil, its derivatives to make 
protein-rich foods, and its great usefulness in industry and in 
feeding animals.
 “Recently, in relation to the state of our agriculture, 
various experiments have been conducted to determine 
the soybean’s adaptability and yield potential, the effect 
of fertilizers on yield, the effect of time of planting on 
production, etc.
 “At the Alanje Experimental Station fi eld trials have 
been conducted for 5 years [since about 1958] on 86 soybean 
lines and commercial varieties, and presently the department 
mentioned above is working on the process of determining 
the results obtained, and before long they will publish a 
pamphlet explaining the conditions.
 “Previous to the work of Alanje, the National Institute 
of Agriculture at Divisa (el Instituto Nacional de Agricultura 
en Divisa) had dedicated a large part of its efforts to 
experimentation with soya. But unfortunately, for reasons 
I cannot analyze here, the information that should have 
come from these experiments did not yield the benefi ts that 
would have been hoped for. However, the investigators 
explain, the experience obtained will be of great use in future 
experiments.
 “For all of the trials conducted in Divisa, and later 
in Alanje, the Ministry obtained the technical help of the 
Interamerican Service for Agricultural Cooperation (Servicio 
Interamericano de Cooperación Agrícola).
 Pages 13-14 discuss imports and exports. A graph 
on page 14 shows imports of soya to Panama from 1952 
to 1962. In 1952 some 2,677 kg of soya were imported, 
however the type of soy product imported is not indicated. 
The source of this information is the Directorate of Statistics 
and the Census of the General Controllership of Panama 
(Direcciónde Estadística y Censo de la Contraloría General 
de la República).
 The author conducted soybean fertilizer and variety 
trials at Tocumen, Panama. He planted seeds for the trials on 
2-3 June 1962 and harvested the crop on 10-11 Oct. 1962. 
He observed the fungus Cercospora sojina attached to the 
foliage of the plants.
 Note: This is the earliest document seen (Feb. 2009) 
concerning soybeans in Panama proper (not including the 
Canal Zone), or the cultivation of soybeans in Panama. This 
document contains the earliest date seen for soybeans in 
Panama (1952 or 1958), or the cultivation of soybeans in 
Panama (1958). The source of these soybeans is unknown. 
Address: Tesis Ingeniería Agronómica, Facultad de 
Agronomía, Universidad de Panamá, Panama.

1515. Date, R.A. 1962. Root-nodule bacteria and legume 
relationships: Studies on serological classifi cation, 
competitive effects, and survival and location in 

preinoculated seed. Ph.D. Thesis, University of Maryland. *
Address: College Park, Maryland..

1516. Gukova, M.M. 1962. [Temperature dependence of 
symbiotic N-assimilation by leguminous plants]. Izvestiia 
Akademii Nauk SSSR No. 6. p. 832-39. [15 ref. Rus; eng]*
Address: Timirjazev Agricultural Academy, Moscow.

1517. Nagata, Tadao. 1962. Report to the government of 
Yugoslavia on improvement of soybean cultivation. FAO 
Expanded Technical Assistance Program, Report No. 1465. 
22 p. [Eng]
• Summary: The author served FAO in Yugoslavia for 
4 months, from July to Nov. 1961. He travelled in most 
of the soybean growing areas of Yugoslavia, and visited 
many institutes and experiment farms, several faculties of 
agriculture and many farms.
 Contents: 1. Introduction. 2. Historical review. 3. 
Climatic and soil conditions. 4. Present Aspect: Cropping 
systems, varieties and breeding, soil management, fertilizer 
and nitrogen bacteria, rate and time of sowing, cultivation 
and weed control, disease and insect damage, drought 
and hail damage, harvesting and yield, interplanting, 
cultivation for fodder, cultivation after wheat. 5. Future 
Prospects: Cultural practice (cropping system, varieties, soil 
management, nitrogen bacteria inoculation and fertilizer 
application, rate of sowing, cultivation and weed control, 
counter measures against drought, disease and pest control, 
practical suggestions), research (cropping system, varieties 
and breeding, growing for seed, nitrogen bacteria, fertilizers, 
rate of sowing, cultivation and weed control, control of 
insect damage, drought damage, machines for planting and 
cultivating, yield capacity of soybeans, organization of 
research). 6. Recommendations.
 Note: This is earliest English-language document 
seen that uses the term “pest control” in connection with 
soybeans. Address: Hyogo Univ. of Agriculture, Sasayama, 
Hyogo-ken.

1518. Cartter, Jackson L.; Hartwig, Edgar E. 1962. The 
management of soybeans. Advances in Agronomy 14:359-
412. [174 ref]
• Summary: Contents: I. Introduction: World production 
(958,275,000 bushels in 1960), United States production 
trends, utilization (processing to obtain oil and meal, hay 
and green manure). II. Soil and climatic adaptation: Areas of 
production in the United States, soil requirements, climatic 
adaptation (effect of temperature on plant growth, effect of 
temperature on composition of seed, effect of light on plant 
growth, effect of photoperiod on fl owering and maturity, 
effect of soil moisture on growth). III. Time of planting and 
varietal adaptation: Effect on plant characters (maturity, 
plant height, lodging, seed quality, size of seed, seed yield), 
effect on composition of the seed. IV. Planting methods and 
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equipment: Seedbed preparation (conventional, minimum 
tillage, deep tillage), row width and planting rate (row width, 
planting rate), double cropping (after fall-sown grain crops, 
after peas), special methods of planting, types of equipment. 
V. Rotation practices and erosion control: Effect on 
soybean yields, effect on the following crop, effect on weed 
population, soil residues from herbicides, erosion control. 
VI. Weed control: Effect of planting time on plant growth 
and weed competition, methods of cultivation, chemical 
weed control (pre-emergence herbicides, post-emergence 
herbicides). VII. Seed quality and seed treatment: Factors 
affecting seed quality and germination, seed treatment. VIII. 
Nutrient requirements: Nitrogen requirements and nodulation 
(effectiveness of nodulation as a source of nitrogen, methods 
of inoculation, survival of bacteria in the soil, effect of seed 
treatment on inoculation, effect of nitrogen applications), 
liming and pH levels (pH and plant development, calcium 
and magnesium requirements), phosphorus, potassium, 
trace elements, fertilizer practices and recommendations. 
IX. Water requirements and utilization: Water needs in 
relation to plant growth and development, irrigation and 
soil management. X. Growth-regulating chemicals. XI. 
Harvesting: When to harvest, harvesting methods. XII. Seed 
storage. XIII. Discussion. The USA now produces about 57% 
of the world’s soybeans, followed by China (PRC; about 
33%), Indonesia, Japan, Korea, USSR, Brazil, and Canada, 
in that order. By 1920, U.S. production was 3,000,000 
bushels and the leading states were North Carolina, Virginia, 
Alabama, Missouri, and Kentucky–North Carolina producing 
55% of the total. By 1931, the center of production had 
shifted to the North Central States, where it is at present. 
Address: 1. United States Regional Soybean Lab., Urbana, 
Illinois; 2. Stoneville, Mississippi.

1519. Corby, H.D.L. 1962. Report of the Secretary to the 
Federal Ministry of Agriculture, Federation of Rhodesia 
and Nyasaland, for the year ended 30th September 1961. 
Grasslands Agricultural Research Station (Marandellas, 
Southern Rhodesia), Annual Report For the year ended 30th 
Sept. 1961. See p. 90-93. *
• Summary: Bacterial diseases were found on soybeans in 
Malawi. The Rhizobium collection now contains 455 strains 
derived from 89 species of legumes. Good locally-tested 
strains are available for research on soybeans. The cultures 
can survive for at least 14 months without fresh media.

1520. Kenya Department of Agriculture, Annual Report 
(Nairobi). 1962. Legume bacteriology–Rhizobium extended 
evaluation trials. Vol. 2. p. 17-18. For the year 1961.
• Summary: The front page of this annual report reads: 
“Colony and Protectorate of Kenya. Department of 
Agriculture Annual Report 1961. Volume II–Record of 
Investigations. 1962.”
 Pages 17-18: “Eighty-eight of these trials, which were 

described in the Annual Report of 1960, were conducted 
during 1961, 70 of which gave useful results. Following 
experience gained during 1960, fewer trials of a more 
complex design were conducted. Each trial contained four 
plots, and the treatments consisted of (1) Scott Laboratories 
inoculant, (2) imported inoculant, (3) uninoculated control 
with no nitrogen fertilizer and (4) uninoculated control with 
nitrogen fertilizer. The following legume species were used 
in the trials:–Glycine max.,...”
 “The object of these trials is to determine the extent of 
natural nodulation and the effect of inoculants on various 
legumes species in various localities in Kenya. Results 
obtained so far show that natural nodulation in Kenya does 
not take place with T. repens, T. subterraneum, Medicago 
sativa, Lotononis bainesii, Pisum sativum and Lupinus 
angustifolius. However, Dolichos lablab, Crotolaria juncea, 
Trifolium semipilosum and Glycine max do form natural 
nodules in certain areas. The results concerning the effect of 
the inoculants should be related to the presence or absence of 
natural nodules in the control plots; these results are complex 
and cannot be summarized easily in this report. Full details 
will be published when the series of extended evaluation 
trials is completed.”

1521. Kurnik, Erno. 1962. A szoja [The soybean]. Budapest, 
Hungary: Akademiai Kiado [Academy Publishing House]. 
377 p. (Budapest: Magyar Tudomanyos Akademia. 
Agrartudomenyok Osztalya. Monografi ai Sorozat [Hungarian 
Academy of Sciences, Division of Agricultural Science, 
Monographs]). [381 ref. Hun; eng]
• Summary: Contents (in English): Foreword. Part I: 
Distribution of the soybean. 1. Historical: Denominations, 
legendary world of the soybean, soybean and religious cults, 
descent and centre of origin of the soybean, soybean growing 
in Asia, introduction of soybean growing into Europe, 
soybean growing in the USSR, history of soybean growing in 
the USA. 2. Soybean growing in the world and particularly 
in Hungary: Situation of soybean growing in Hungary.
 Part II: Taxonomic place and morphology of soybean. 
1. Taxonomic place of soybean and of related species. 2. 
Botanical description of soybean: Morphology of soybean, 
anatomical structure of soybean, chromosome number of 
soybean.
 Part III: Physiology of soybean. 1. Germination 
of soybean: Conditions of germination, stimulation of 
germination, inhibition of germination, biochemical 
processes of germination, carbo-hydrate metabolism 
of germination, amino acid and protein metabolism of 
germination, lipid metabolism of germination. 2. Physiology 
of soybean. 3. Developmental physiology of soybean: 
Developmental phenomena of soybean, growth of soybean, 
soybean and photoperiodism. 4. Ripening of soybean: 
Protein synthesis, oil synthesis, respiration–cell respiration. 
5. Chemical composition of soybean seed: Proteins, oils 
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and phosphatides, carbo-hydrates, vitamins. 6. Biology of 
fl owering.
 Part IV: The growing of soybean. 1. Climatic and 
soil requirement of soybean: Ecologic constitution and 
adaptation of soybean, climatic requirement of soybean, 
soil requirement of soybean, soybean growing regions of 
Hungary. 2. Cold and drought resistance of soybean: Cold 
resistance of soybean, drought resistance of soybean, drought 
endurance of different varieties. 3. On soybean growing in 
general: Preceding crops to soybean, soybean as a preceding 
crop, place of soybean in crop rotation. 4. Fertilization 
of soybean: Organic manuring of soybean, application of 
commercial fertilizers to soybean, effect of liming, foliar 
nutrition of soybean.
 5. Inoculation of soybean: fi xation of atmospheric 
nitrogen by nodule bacteria, effect of daylength on nodule 
formation, relationship of nutrient supply and nodule 
formation, interrelation between time of infection and nodule 
formation as well as effectiveness of inoculation, relationship 
of nodule formation and surplus yield, yield quantity and 
quality as affected by inoculation, effect of inoculation on 
some soybean varieties, correlation between the age and the 
nitrogen assimilation capacity of Rhizobia. The problem 
of repeated inoculations, correlation between effectiveness 
of inoculation and climatic conditions, the practice of seed 
inoculation in soybean, experiences obtained in the domain 
of soybean seed inoculation.
 6. Soil preparation. 7. Sowing and emergence of 
soybean: Time of sowing, row and plant distance, depth of 
sowing, seeding rate, methods of sowing. 8. Plant cultivation. 
9. Chemical weed control. 10. Pests and diseases of soybean: 
Animal pests, virus diseases, fungus diseases. 11. Harvest 
of soybean. 12. Yield of soybean. 13. Storage of soybean. 
14. Seed production of soybean. 15. Yield assessment of 
soybean. 16. Soybean grown for forage: Soybean grown 
for green fodder and hay, soybean grown with silo maize, 
association of soybean with other forage crops. 17. Irrigation 
of soybean: Soil requirement, place in the crop rotation, 
fertilization, soil preparation, varietal problem, sowing, plant 
cultivation, irrigation, yields.
 Part V: Breeding and varieties of soybean. 1. Problems 
of soybean breeding: History of soybean breeding in 
Hungary, objectives of soybean breeding, initial material 
of breeding, inheritance of morphological and qualitative 
plant characters, correlation of plant characters and their 
signifi cance in breeding, mutations, breeding methods, 
breeding practices, artifi cial variety mixtures. 2. Varietal 
taxonomy of soybean: Ssp. gracilis (Skv.) Enk, ssp. indica 
Enk, ssp. chinesis Enk, ssp. manshurica Enk, ssp. korajensis 
Enk, ssp. slavonica Kov. et Pinz. 3. Some important soybean 
varieties: Improved Hungarian soybean varieties, varieties 
bred recently in Ireg, other Hungarian varieties, Soviet 
varieties, other foreign varieties, American soybean varieties.
 Part VI: Utilization of soybean. What is made of 

soybean: Soybean as human food, medical aspects of 
soybean, utilization of soybean in Hungary, prospects in 
soybean utilization.
 Annex: List of fi gures, list of coloured tables, list of 
tables, author index, subject index. Address: Hungary.

1522. Grant, P.M. 1963. Some factors affecting the growth 
of soyabeans. Rhodesian J. of Agricultural Research 1(1):12-
17. Jan. [10 ref]
• Summary: Discusses the effects of climate and 
temperature, soil conditions (acidity, lime, fertilizers, 
compaction), and methods of inoculation on the growth 
and nitrogen content of soybeans. Address: Research and 
Specialist Services, Federal Ministry of Agriculture.

1523. Kliewer, Mark; Evans, Harold J. 1963. Cobamide 
coenzyme contents of soybean nodules and nitrogen fi xing 
bacteria in relation to physiological conditions. Plant 
Physiology 38(1):99-104. Jan. [16 ref]
• Summary: During the last 2 years, experiments have 
shown that cobalt is essential for the growth of soybeans 
under conditions where they must use atmospheric nitrogen. 
Cobalt also strikingly stimulates the growth of Rhizobium 
japonicum. Address: Dep. of Botany and Plant Pathology, 
Oregon State Univ., Corvallis, OR.

1524. Barriga S., Celio; Sifuentes, J.A. 1963. El cultivo de la 
soya, en el Noroeste [Soybean production in the northwest. 
2nd ed.]. Circular CIANO No. 13. 13 p. March. (Instituto 
Nacional de Investigaciones Agricolas, Mexico City, 
Mexico). Revised in 1966 and April, 1969. 15 p. [Spa]
• Summary: Contents: Use well adapted varieties. Prepare 
the soil well. Select the best time of year for planting seeds. 
Inoculate the seeds. Sow an adequate quantity of seed. How 
to sow the seed. Cultivate and irrigate at the right time. 
Diseases of the soybean. Fight pests on time. Avoid losses in 
the harvest. Address: Instituto Nacional de Investigaciones 
Agricolas, SAG.

1525. Agricultural Gazette of New South Wales. 1963. 
Soybeans: An ancient crop fi nding new favour in modern 
agriculture. 74(4):209-12. April.
• Summary: Contents: Introduction. In New South Wales. 
Soil and climatic requirements. Soil preparation. Time and 
methods of sowing. Fertilizers. Inoculation of seed. Varieties 
(Nanda is best). After cultivation. Rotation. Harvesting. 
Storage. Yields. Insect pests. Diseases. Uses of soybeans.
 New South Wales has more than 45 years of experience 
with soybean cultivation. More than 500 varieties have been 
imported. Field trials have been conducted at Hawkesbury 
Agricultural College and experiment farms. Yet yields 
have been low, about 7 bushels per acre over a recent ten 
year period. “In the 1946-47 season, an attempt at large 
scale production was sponsored by the Commonwealth 
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Government and a considerable quantity of seed of popular 
U.S.A. varieties was introduced. Some 2,000 acres were 
sown, but again the yield of beans on the area harvested 
was only approximately 6 bushels per acre... The area 
sown to soybeans in this State in the last ten years has been 
negligible.”
 Yet new interest in the crop has arisen because of the 
need for high quality protein meal [for livestock and poultry 
feed] and the superior qualities of the oil in making special 
paints.
 Note: An article titled “Legume inoculant quality,” 
published in the May 1964 issue (p. 1042) of this journal, 
shows that lucerne, clover, and vetches are the three main 
legumes now grown in New South Wales.

1526. Soybean Digest. 1963. April advertisers. April. p. 3.
• Summary: This is the earliest list seen of advertisers in 
Soybean Digest. They are list alphabetically.
 “Aeroglide Corp
 “Amchem Products, Inc.
 “V.D. Anderson Co. (Inside front cover).
 “Archer-Daniels-Midland Co.
 “Barzen of Minneapolis, Inc.
 “Chipman Chemical Co.
 “Davenport Machine & Foundry Co.
 “Day Dryer Co.
 “Elanco Products Co. (Back cover).
 “A.T. Ferrell & Co.
 “French Oil Mill Machinery Co.
 “Hart-Carter Mfg. Co.
 “Jacob Hartz Seed Co.
 “Humble Oil & Refi ning Co.
 “Lauhoff Grain Co.
 “National Tank Co.
 “Phillips Petroleum Co. (Inside back cover).
 “Ross Machine & Mill Supply, Inc.
 “Screw Conveyor Corp.
 “Simon-Carter Co.
 “Universal, Inc.
 “Urbana Laboratories
 “U.S. Rubber Co.
 “Weather Trends, Inc.
 “K.I. Willis Corp.
 “Woodson Tenent Laboratories.
 “Woodson Tenent of New Orleans, Inc.”

1527. Thorogood, Elizabeth; Hanania, G.I.H. 1963. 
Thermodynamic quantities for the dissociation of three 
ferrihaemoproteins from soya-bean nodules. Biochemical 
Journal 87(1):123-28. April. [10 ref]
• Summary: “A spectrophotometric study of the two primary 
ferrihaemoproteins isolated from soya-bean root nodules 
provided evidence for multiple haem-linked ionizations 
(Thorogood, 1963). Though there is considerable overlap in 

these ionizations, the main dissociation extending from pH 
6 to 10 was delineated in both pigments, and it was argued 
that the pK for the latter ionization could be obtained under 
stipulated conditions.” Address: Botanical Lab., Div. of 
Biology, and the Dep. of Chemistry, Univ. of Pennsylvania, 
Philadelphia, Pennsylvania.

1528. Thorogood, Elizabeth. 1963. A spectrophotometric 
study of the ionzations in ferrihaemoproteins from soya-bean 
nodules. Biochemical Journal 87(1):114-23. April. [16 ref]
• Summary: A spectrophotometric study of the two primary 
ferrihaemoproteins isolated from soya-bean root nodules 
provided evidence for multiple haem-linked ionizations.
 Ellfolk (1961) published data from soya-bean nodules 
grown in Finland. Address: Botanical Lab., Div. of Biology, 
Univ. of Pennsylvania, Philadelphia 4, Pennsylvania.

1529. Hu, Daojing. 1963. Shishupian [Discourse on the 
character shu (soybean)]. Zhonghua Wenshi Luncun (Essays 
on Chinese Literature and History) (Shanghai, China) 3:111-
19. May. [20 ref. Chi]
• Summary: Wade-Giles reference: Hu, Tao-ching. 1963. 
Shih shu p’ien [“Discourse on the character shu (soybean)”]. 
Chung-hua Wen Shih Lun Ts’ung 3:111-19.
 The author refers to four different Chinese bronze 
vessels upon which the character interpreted as shu by 
several authorities is inscribed. He gives references for 
several compilations of writings concerning ancient 
Chinese bronze inscriptions, in which these four bronzes 
are mentioned, by archaeologists and others who specialize 
in these ancient Chinese writings. The earliest of the four 
vessels is dated 1024 B.C.–which places it very near the 
beginning of the Early Chou period (1030 B.C. to 722 B.C.). 
The other three are dated at 893 B.C., 863 B.C., and 817 
B.C.
 The soybean must have already been a fairly important 
plant in China at this early date for its to name appear on 
bronze vessels. Moreover, the author believes that three dots 
at the bottom of each character symbolize a recognition of 
the root nodules on the soybean plant, and their importance 
to the plant.
 A large illustration shows four different representations 
of the ancient character for shu, obtained by rubbing bronze 
vessels. Below each character, in smaller characters (in Hu’s 
handwriting), is the name of the bronze vessel on which it 
appears (Summarized by H.T. Huang, 28 July 2001).
 Ho Ping-ti (1969, p. 29) states: “By Chou times the 
peculiar nitrogen-bearing nodules of the root of the soybean 
plant had apparently been well observed by peasants and by 
those learned men who enlarged the Chinese vocabulary. 
Unlike the early Chinese logographs [characters] for other 
cereal plants, which emphasize the stem and leaves, the 
emphasis of the new character shu (soybean) was on the 
nodules of its root. Since the numeral three symbolizes many, 
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the three elongated dots at the lower half of the character 
pictographically represents the root’s bulging nodules caused 
by rhizobium” (Hu Tao-ching 1963).
 Hymowitz (1970, p. 416) states: “In the opinion of Hu 
(1963) the shu pictograph can be traced back to about the 
11th century B.C.”
 Talk with H.T. Huang, PhD, expert on the history of 
Chinese food and agriculture. 2001. July 21. In China, the 
oldest writing is found on oracle bones, but most Chinese 
scholars agree that the ancient character for soybeans (shu) 
does not appear on these bones. The next oldest writing 
is found in bronze inscriptions, such as those on bronze 
vessels. Chinese scholars agree that the ancient character 
shu appears in these inscriptions–even though the ancient 
character shu is slightly different from the modern character. 
This seminal 1963 article by Hu is very widely known and 
highly respected by Chinese scholars. Hu was the fi rst to fi nd 
the ancient character shu, which refers to the soybean, in 
bronze inscriptions. The main emphasis of the article is that 
the little elongated dots at the bottom of the pictograph of the 
character represent the nodules on the roots of the soybean, 
a legume. The early Chinese noticed that these nodules were 
important–a major discovery, almost 2,000 years before this 
was discovered by westerners. A book, which is a collection 
of many of Hu Daojing’s articles translated from Chinese 
into Japanese, has been published; that is the only nice 
collection of his writings. The four vessels on which the 
ancient character shu appears must be important vessels, 
otherwise they would not have been given names. Dr. Huang 
visited Hu in 1991 in Shanghai and has corresponded with 
him over the years.

1530. Johnson, Herbert W.; Means, U.M. 1963. Serological 
groups of Rhizobium japonicum recovered from nodules of 
soybeans (Glycine max) in fi eld soils. Agronomy Journal 
55(3):269-71. May/June. [11 ref]
• Summary: “Synopsis: Groupings of isolates indicated 
a different population of bacteria in the nodules of plants 
grown in different soils. In 5 of 6 soils, 49 to 8270 of 
the isolates were of 1 or 2 predominant groups with the 
predominant groups differing among soils. Populations of 
bacteria in nodules of greenhouse and fi eld plants grown in 
a given soil were essentially the same.” Address: Research 
Agronomist and Bacteriologist, Crops and Soil and Water 
Conservation Research Divisions, ARS, USDA, Beltsville, 
Maryland.

1531. Bergersen, F.J. 1963. The relationship between 
hydrogen evolution, hydrogen exchange, nitrogen fi xation, 
and applied oxygen tension in soybean root nodules. 
Australian J. of Biological Sciences 16(3):669-80. Aug. [12 
ref]
• Summary: Detached soybean root nodules were used in 
this study, using various external oxygen tensions. Address: 

Div. of Plant Industry, CSIRO, Canberra, Australia.

1532. Johnson, Herbert W. 1963. Cooperative soybean 
breeding research (Continued–Document part II). Soybean 
Digest. Sept. p. 79, 81-83.
• Summary: (Continued): “However, after the obviously 
inferior selections are discarded, the process of identifying 
which of the few remaining is best is diffi cult. Soybean 
breeders from various states cooperate in this advanced 
testing and compare their own selections with those 
developed by other breeders. In these comparisons they 
must decide the extent to which superior performance in 
one characteristic compensates for a defi ciency in another, 
because selections without some defi ciencies are extremely 
rare.
 “For example, suppose yields of two selections exceeded 
the yield of the best available commercial variety by 2 
bushels per acre. One of these selections lodges more than 
the commercial variety and the other shatters more. Which 
if either of the selections should be released is the type of 
question the breeders must answer before experimental 
selections become varieties. The answers to the questions 
must be based on tests conducted in a representative sample 
of locations in the area where the variety will eventually be 
grown because we feel that we have the responsibility of 
identifying any possible weakness in a variety before it is 
released, rather than releasing it to you and letting you fi nd 
them out. Soybean breeders in the United States evaluate 
thousands of selections each year but only an extremely 
small percentage of them ever become varieties.
 “In 1963 we were able to add one position dealing 
directly with the genetics of the soybean. The individual 
who accepted the position, Dr. B.E. Caldwell, is stationed 
at Beltsville, Maryland, and will spend a portion of his time 
providing breeding materials for the eastern shore production 
areas of Delaware, Maryland, northern Virginia, and southern 
New Jersey. These areas have some unique problems, 
particularly in seed quality, and we hope that the portion 
of his time that Dr. Caldwell devotes to providing breeding 
materials to several interested state workers will contribute to 
rapid progress in a rather sizable production area.
 “Most of Dr. Caldwell’s time will be devoted to research 
on soybean genetics which we believe will increase the 
effi ciency of breeding programs generally. His research also 
will include an investigation of the responses of soybean 
varieties to selected strains of nodulating bacteria.
 “Pathology. The plant pathologists that work on soybean 
diseases do research in two important areas. They work with 
plant breeders in developing varieties resistant to diseases 
and carry a major part of the responsibility for getting 
the selections infected with the disease in question and in 
classifying the selections for resistance. Before they can do 
this type of work, however, they must do work in their main 
area of responsibility. This involves fi nding out about the 
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organisms that cause the diseases. What are they, how are 
they transmitted, how do they survive from one season to 
the next, and what are their relationships with other disease 
organisms? This type of work is indispensable to continued 
profi table soybean production in the United States, and to an 
effi cient breeding program.
 “Soybeans have many different diseases that are well 
known to research men, but obviously all do not cause severe 
losses each year, otherwise soybean production would not 
be at its current level. The important questions in our disease 
research are, ‘Which of the diseases cause the most damage 
and which have the maximum potential for causing damage?’ 
Using the best answers to these questions we can obtain, we 
decide which diseases should receive our available research 
effort.
 “We also have new diseases in soybeans about which we 
have relatively little information. One such disease, caused 
by bacteria, is a good illustration of the value of research in 
soybean plant pathology. The disease was fi rst discovered 
about 3 years ago when we received some damaged soybeans 
and were asked to identify the cause of the damage. The seed 
contained many bacteria and subsequent research indicated 
that almost all soybean seed contain varying amounts of 
the same kind of bacteria. The bacteria also are present in 
other parts of the plant, and cause various kinds of damage 
depending on the variety and the conditions under which 
the plants are growing. We have indications that the bacteria 
may be involved in diseases we have thought were caused 
by other organisms. Although we do not fully understand the 
signifi cance of this particular type of bacteria, we do believe 
it is important in soybean production and that it merits 
concentrated attention in our research.
 “Two-Virus Disease: Another new disease is caused 
by two viruses. Either of the viruses alone causes relatively 
little damage to soybeans and we do not consider them major 
diseases. However, when soybean plants are infected by 
both viruses at the same time, yields are reduced drastically. 
Thus we can no longer consider the two viruses as two minor 
diseases, because when they occur together they cause a very 
serious disease.
 “We are fortunate that the new appropriation in 1963 
enabled us to add a pathologist, Dr. Hideo Tachibana, at 
Ames, Iowa. Dr. Tachibana’s main responsibility is to do 
research designed to improve our understanding of the 
interrelations among soybean diseases and between soybean 
diseases and the soybean plant. As our information in these 
areas increases, research effi ciency in the development of 
control measures, primarily resistant varieties, for soybean 
diseases will increase.
 “Physiology: In our plant physiology research we try 
to fi nd out things about the soybean that will permit us to 
understand why it responds to various conditions as it does. 
It isn’t suffi cient to say that one variety is superior to another. 
We need to know why one variety is superior. Is it superior 

because it takes up more water or nutrients or because it 
utilizes what it does take up more effi ciently? Is it superior 
because its leaves intercept more of the available sunlight or 
because it converts a higher percentage of the light it does 
intercept into energy stored in its seed?
 “You probably have heard or observed yourself that 
soybeans do not respond to direct applications of commercial 
fertilizers as well as do many other crops. This is good 
information to have and in your current production of 
soybeans the information probably is adequate for planning 
your farm fertilization program. An explanation of why 
soybeans respond to commercial fertilizers as they do is 
the type of information we try to accumulate in our plant 
physiology research. We would like to have this sort of 
information because we believe that if we knew why 
soybeans respond to various conditions as they do, we could 
develop some procedure of altering that response to the 
advantage of the soybean grower.
 “Research on the response of soybeans to phosphorus is 
a good example of research in plant physiology. Some time 
ago we observed that under conditions of disproportionately 
high phosphorus some soybean varieties were severely 
damaged but others continued to increase in performance at 
very high levels of phosphorus.
 “Research on response of soybeans to phosphorus 
indicated that high levels of nitrogen prevented the damage 
caused by high levels of phosphorus and that potassium and 
calcium may have a similar effect. Thus, an effect attributed 
to one nutrient is actually a function of two and perhaps 
four nutrients. Although we still do not understand the 
signifi cance of the response, we are in a much better position 
to deal with it now that we know that other nutrients besides 
phosphorus are involved.
 “Differences in response to phosphorus are fairly simply 
inherited and we could develop varieties sensitive or tolerant 
to phosphorus according to our wishes. However, before 
we consider this characteristic in our breeding program, we 
must fi nd out which type of variety is best. Most of the best 
varieties in the north central area are sensitive to high levels 
of phosphorus while most of those in the southern area are 
tolerant. This might be a simple accident of the parentage 
involved in the varieties since one of the parents of most of 
the varieties in the north central area is sensitive. However, it 
might also mean something else.
 “We depend on our research in plant physiology 
to identify which is the best from your point of view, 
phosphorus tolerant or phosphorus sensitive varieties. Until 
this information is at hand, we do not know which type of 
variety we should try to develop or even whether we should 
consider this important difference in varieties in our breeding 
programs” (Continued). Address: Research Agronomist, 
Crops Research Div., Agricultural Research Service, USDA, 
Beltsville, Maryland.
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1533. Johnson, Herbert W. 1963. Cooperative soybean 
breeding research (Continued–Document part III). Soybean 
Digest. Sept. p. 79, 81-83.
• Summary: (Continued): “Varietal differences in response to 
other nutrients also are known. Under some conditions some 
varieties will take up suffi cient zinc to kill them while other 
varieties under the same conditions will perform normally. 
Some varieties will accumulate enough chloride in their 
leaves to kill them under conditions where other varieties 
perform normally. Some varieties perform normally in soils 
that render iron so unavailable to other varieties that the 
plants die. Some varieties develop chlorosis when inoculated 
with certain strains of nodulating bacteria, and others do not. 
Still other selections produce no nodules on their roots under 
conditions favorable to good nodulation of most varieties.
 “In spite of all these gross differences in response of 
soybeans to specifi c nutrients, soybeans often do not respond 
well to applied fertilizer. Obviously we need to know more 
about this overall response of soybeans to nutrients. Once 
we have suffi cient information it may well be that we will 
breed soybeans for response to specifi c nutrients or to a 
combination of nutrients. Without the information, however, 
a breeder has no way of knowing which combination of 
responses is desirable.
 “In 1963 a new plant physiologist position was added at 
the U.S. Regional Soybean Laboratory at Urbana, Illinois, 
and Dr. Ray E. Johnson is currently doing research in this 
position. He is primarily concerned with research on the 
nutrition of the soybean plant with special emphasis on the 
nitrogen nutrition of the plant. From his research we hope to 
accumulate information that will permit us to understand the 
response of soybeans to nutrients.”
 Photos show: (1) A portrait photo of Herbert W. 
Johnson. (2) “Newly appointed plant physiologist Dr. 
Ray Johnson observes a nitrogen utilization experiment 
conducted by the USDA Regional Soybean Laboratory at 
the University of Illinois’ agronomy south farm at Urbana, 
Illinois Before coming to Illinois, Dr. Johnson held a post-
doctoral appointment with the USDA research laboratory 
at Beltsville, Maryland.” Address: Research Agronomist, 
Crops Research Div., Agricultural Research Service, USDA, 
Beltsville, Maryland.

1534. Bergersen, F.J. 1963. Iron in the developing soybean 
nodule: Short communications. Australian J. of Biological 
Sciences 16(4):916-19. Nov. [14 ref]
• Summary: “The metabolism of iron in legume root 
nodules is of particular interest because of the presence of 
relatively large amounts of the myoglobin-like pigment, 
leghaemoglobin. This pigment appears when the nodules 
are about 2 weeks old and its appearance coincides with the 
onset of nitrogen fi xation. There are also quite large amounts 
of bacterial cytochromes present...
 “In the mammalian liver, iron from degraded 

haemoglobin is conserved in the iron-containing protein, 
ferritin, from which it can be released for incorporation into 
newly synthesized haem, or other compounds.
 A graph (p. 917) shows the distribution of iron among 
nodule fractions of various ages from 2 to 14 days. Iron 
content is measured in micrograms per gram of fresh weight 
of nodules. Total iron increases from 50 at 2 days to over 70 
at 14 days. Non-haemin iron (ferritin-like iron) decreases 
from 40 at 2 days to about 12 at 14 days. Iron soluble in 
cold trichloracetic acid (TCA) increases from about 5 at 2 
days to about 28 at 14 days. And haemin iron increases from 
zero at 2 days to about 23 at 14 days. Address: Div. of Plant 
Industry, CSIRO, Canberra, Australia.

1535. Territory of Papua and New Guinea, Department 
of Agriculture, Stock and Fisheries, Annual Report (Port 
Moresby). 1963. Division of Plant Industry. p. 31-94. Nov. 
For the year 1960-61. See p. 62-63, 71, 73-75.
• Summary: In the section titled “Agricultural Experiment 
Station, Epo” is a subsection titled “Soy bean” (Glycine 
max) (p. 62-63) which notes that 13 varieties were planted 
in an unreplicated trial in early January, at the beginning 
of the wet season. All varieties were seriously damaged by 
insects. A table shows the name, yield, and seed color of each 
variety. The highest yielding varieties (in lb/acre in the pods) 
were: Batavian Yellow (3,091), Mamloxi (3,020), Avoyelles 
(2,224), C.N. 5 (1,852), Mamloxi 57/5 (1,770), and Glycine 
317 (1,624).
 The section titled “Plant Introduction and Quarantine 
Station, Laloki” (near Port Moresby, Papua New Guinea) 
states that 14 soybean varieties were introduced in 1960-61 
(p. 71). The subsection titled “Soy bean” (Glycine max) (p. 
73) states that attempts were made to introduce varieties 
that might be adaptable to the Markham Valley and other 
lowland areas. The introductions from the Philippines were 
chosen mainly for non-sensitivity to photoperiod. Six bottles 
of soybean Rhizobium inoculum were distributed to growers 
throughout the Territory (p. 74). Rhizobium inoculations and 
inoculation studies were conducted (p. 75).

1536. Graham, P.H. 1963. Antigenic affi nities of the root-
nodule bacteria of legumes. Antonie van Leeuwenhoek 
29(1):281-91. Dec. [20 ref]
• Summary: Starting in the early 1960s, bacteriologists 
started using a large diversity of characters, as well as 
serology. “Three serologically distinct groups of root-
nodule bacteria were noted: (1) Rhizobium trifolii, Rh. 
leguminosarum and Rh. phaseoli; (2) Rh. lupini, Rh. 
japonicum, and Rhizobium species; (3) Rh. meliloti.
 The “use of serological methods in rhizobial 
classifi cation is discussed.” Address: Dep. of Soil Science 
and Plant Nutrition, Inst. of Agriculture, Univ. of Western 
Australia, Nedlands, Australia.
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1537. Berenyi, Nicholas N. 1963. Some infl uence of nitrogen 
fertilization and seed inoculation with rhizobia on growth 
and nitrogen fi xation of peanuts. MSc thesis, North Carolina 
State University. 73 + vi p. *

1538. Dobereiner, Johanna. 1963. Manganese toxicity in the 
Rhizobium-bean (Phaseolus vulgaris L.) symbiosis. MSc 
thesis, Univ. of Wisconsin-Madison. ix + 135 p. 28 cm. 
Typescript. [100+* ref]*
• Summary: Includes bibliographical references (leaves 124-
135). Address: Madison, Wisconsin.

1539. Cartter, Jackson L.; Hartwig, Edgar E. 1963. The 
management of soybeans. In: A.G. Norman, ed. 1963. The 
Soybean. New York: Academic Press. x + 239 p. See p. 161-
226. [209 ref]
• Summary: Contents: 1. Introduction: World production, 
United States production trends, utilization (processing to 
obtain oil and meal, hay and green manure). 2. Soil and 
climatic adaptation: Areas of production in the United States, 
soil requirements, climatic adaptation (effect of temperature 
on plant growth, effect of temperature on composition of 
seed, effect of light on plant growth, effect of photoperiod on 
fl owering and maturity, effect of soil moisture on growth). 
3. Time of planting and varietal adaptation: Effect on plant 
characters (maturity, plant height, lodging, seed quality, 
size of seed, seed yield), effect on composition of the seed. 
4. Planting methods and equipment: Seedbed preparation 
(conventional, minimum tillage, deep tillage), row width 
and planting rate (row width, planting rate), double cropping 
(after fall-sown grain crops, after peas), special methods 
of planting, types of equipment. 5. Rotation practices and 
erosion control: Effect on soybean yields, effect on the 
following crop, effect on weed population, soil residues 
from herbicides, erosion control. 6. Weed control: Effect 
of planting time on plant growth and weed competition, 
methods of cultivation, chemical weed control (pre-
emergence herbicides, post-emergence herbicides). 7. Seed 
quality and seed treatment: Factors affecting seed quality 
and germination, seed treatment. 8. Nutrient requirements: 
Nitrogen requirements and nodulation (effectiveness of 
nodulation as a source of nitrogen, methods of inoculation, 
survival of bacteria in the soil, effect of seed treatment 
on inoculation, effect of nitrogen applications), liming 
and pH levels (pH and plant development, calcium and 
magnesium requirements), phosphorus, potassium, trace 
elements, fertilizer practices and recommendations. 9. Water 
requirements and utilization: Water needs in relation to plant 
growth and development, irrigation and soil management. 
10. Growth-regulating chemicals. 11. Diseases: Foliar, root 
and stem, seed. 12. Insects and spider mites: Leaf feeders, 
above-ground stem feeders, pod feeders, root feeders. 13. 
Nematodes: Root knot, cyst, others. 14. Harvesting: When 
to harvest (moisture content of seed, chemical defoliation, 

losses from respiration after maturity), harvesting methods 
(historical, combine harvesting). 15. Seed storage. 16. 
Discussion. The USA now produces about 57% of the 
world’s soybeans, followed by China (PRC; about 33%), 
Indonesia, Japan, Korea, USSR, Brazil, and Canada, in that 
order. By 1920, U.S. production was 3,000,000 bushels and 
the leading states were North Carolina, Virginia, Alabama, 
Missouri, and Kentucky–North Carolina producing 55% of 
the total. By 1931, the center of production had shifted to the 
North Central States, where it is at present.
 The subsection titled “Seed treatment” (p. 193) states: 
“Seed treatment with a fungicide is not recommended as a 
general practice when seed with high germination is planted. 
Stands may be increased by seed treatment when seed 
having a germination of 85 per cent is planted. Although 
seed treatment seldom results in increased seed yields,... the 
improved stands resulting from seed treatment aid in giving 
soybeans a competitive advantage with weeds. Studies by 
Howard W. Johnson et al. (1954) show that seed may be 
treated at any time between harvest and planting with equal 
effectiveness. The most satisfactory time for treating seed 
would be as it is cleaned. The materials Arasan, Captan, and 
Spergon have proved to be most satisfactory for treatment of 
soybean seed. Before any lot of seed is treated, it may be a 
good practice to check the germination with and without the 
fungicide to determine the benefi cial effect of seed treatment 
on each seed lot.”
 The section titled “Harvesting methods: Historical” (p. 
219) states: “The earliest harvester designed specifi cally 
for soybeans was a two-wheeled, horse-drawn machine 
which straddled the bean row (Piper & Morse, 1923, p. 
94). This special harvester was common in Virginia and 
North Carolina, but was never commonly used in the North 
Central States. Harvesting losses ranged from 20 per cent 
under favorable conditions to as high as 60 per cent under 
unfavorable (Sjogren, 1939). In small-grain growing areas, 
the binder and thresher were adapted for soybean harvest. 
Harvest losses for using the binder or mower for cutting 
and then threshing ranged from 16 to 35 per cent of the total 
yield, with an average loss of 24 per cent (Sjogren, 1939).
 “The combine harvester was fi rst used for soybeans in 
the mid-twenties. The combine harvester has been a major 
factor in the expansion of soybean production. This machine 
required less labor than earlier methods and was more 
effi cient.” Address: 1. Agronomist-in-charge, U.S. Regional 
Soybean Lab., Crops Research Div., ARS USDA, Urbana, 
Illinois; 2. Research Agronomist, U.S. Regional Soybean 
Lab., ARS USDA, Stoneville, Mississippi.

1540. Damirgi, Salih Mahmood. 1963. Serogroups of 
Rhizobium japonicum in Iowa soils as affected by different 
soil types, crop sequence and host genotype. PhD thesis, 
Iowa State University of Science and Technology. 92 p. 28 
cm. [65 ref]
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• Summary: “In the latter part of the 19th century scientists 
discovered that bacteria were the cause of the formation of 
the nodules on the legume roots. Some of these nodules had 
the unique property of being able to use elemental nitrogen 
as a source of nitrogen for the growth of the bacterium 
and the plant. Isolates of these rhizobia were found to 
be limited in their capacity to infect leguminous plants. 
The establishment of cross-inoculation groups of legume 
bacteria which were more likely to infect the species of 
legumes in the group had considerable practical importance 
in inoculation of leguminous seeds. Detailed studies with 
individual Rhizobia showed that there were many exceptions 
to the cross- inoculation groups and that a more specifi c 
interaction between bacterium and host plant was indicated.
 “Since the isolation of nodule bacteria, the question of 
their specifi c interaction with leguminous plants has been a 
subject of research. It has been established that most nodules 
contain only one strain of Rhizobia. A given leguminous 
plant root system may contain different strains in different 
nodules. These results were based on the use of better 
methods, such as serology, which allowed the differentiation 
of nodule bacteria and indicated the existence of 
physiological specialization between the host and Rhizobia.
 “The results of previous investigators showed that the 
host plant, the Rhizobia, and environmental factors are all 
interacting with each other to affect the symbiotic association 
which resulted in a nodule. It was also found that the degree 
of bacterial benefi t to the host was somewhat variable and 
unstable. In the fi eld, competition existed between the 
strains for infection of the host. Since some of the strains 
present in the soil are less effective in nitrogen fi xation, the 
strains which may infect the legume root system could be 
of considerable practical importance. The establishment of 
effective “economic” strains by means of inoculation has 
been an objective of legume growers. The success of such 
inoculation depends not only on the ability of the inoculated 
rhizobial strain to survive and infect the root system, as well 
as its effectiveness in fi xing nitrogen, but also on its ability 
to compete against the rhyiobial strains present in the soil 
before inoculation.
 “Survival of a rhizobial strain in the soil is dependent 
not only on its ability to infect the host plant but also upon 
its ability to maintain an active population in the soil in 
the absence of the host plant. The success or failure of a 
particular rhizobial strain partially depends on its ability to 
survive chemical and biochemical soil conditions as well as 
on the host variety.
 “Direct isolation and identifi cation of rhizobial strains 
from soil is not practical at present. Rhizobia can be isolated 
from nodules of legume plants grown in the fi eld or from 
plants grown in sterile substrates inoculated with soil from 
that fi eld. For an extensive investigation of the specifi c 
strains of rhizobia in the soil and on host plants, a quick, 
economic, and effi cient method for serological identifi cation 

of the strains was necessary.
 “The specifi c objectives of this study were:
 “1. Determination of the serological groupings 
(serogroups) of Rhizobium japonicum strains from nodules 
of soybeans grown (a) in different soil types, (b) under 
different cropping sequences.
 “2. Determination of the selective ability of different 
soybean genotypes for Rhizobial strains under different 
conditions in the fi eld and in pot cultures.
 “3. A survey of serogroups of Rhizobium japonicum 
present in the nodules of soybeans grown in various Iowa 
fi elds.” Address: Dep. of Soil Microbiology, Ames, Iowa.

1541. Howell, R.W. 1963. Physiology of the soybean. In: 
A.G. Norman, ed. 1963. The Soybean. New York: Academic 
Press. x + 239 p. See p. 75-124. Publication No. 383 of the 
U.S. Regional Soybean Laboratory, Urbana, Illinois. [379 
ref]
• Summary: Contents: Introduction. Germination: 
Environmental factors, metabolism of germination. Root 
growth and nodulation: Environmental factors, nodulation 
and nitrogen fi xation. Top vegetative growth: Environmental 
factors, metabolism, plant composition. Flowering: Day 
length, metabolism of fl owering, other aspects of fl owering, 
varietal differences in fl owering. Pod and seed development: 
Environmental factors, composition of seed. Discussion. 
Address: Plant Physiologist, Crops Research Div., 
Agricultural Research Service, USDA, Regional Soybean 
Lab., Urbana, Illinois.

1542. Modric, Adela; Strunjak, Rajka. 1963. Prilog 
poznavanju metabolizma kvrzicnih bakterija soje, lupine, 
lucerne i djeteline [A contribution to the study of the 
metabolism of nitrogen-fi xing bacteria of soybeans, lupins, 
alfalfa, and clover]. Arhiv za Poljoprivredne Nauke (Archives 
of Agricultural Science) 16(52):84-93. [10 ref. Scr]
Address: Yugoslavia.

1543. Flumerfelt, Walter E. 1964. Sammy Soy grows up. 
Soybean News (NSCIC) 15(2):1-3, 6. Jan.
• Summary: “The fi rst full tankcar of domestic soybean 
oil was made by Otto Eisenschiml in 1918 or 1919 at the 
original solvent extraction plant of the Chicago Linseed Oil 
plant. Dr. Eisenschiml, now in his 80’s and still vigorous, 
was really the pioneer in the utilization of soybean oil 
industrially.
 “In the early 1930s, Mr. Henry Ford had publicized 
his pet, the soybean. Everywhere people discussed and 
wrote about the ‘miracle bean.’ This newcomer to Midwest 
agriculture had potential, but it took a Second World War to 
really give the soybean the boost that put it ‘over the top.’ 
Back in 1937 the American Chemical Society was having its 
Midwest Regional meeting at Omaha, Nebraska. At that time 
I had built and was managing the soybean processing plant at 
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Waterloo, Iowa. Dr. O.R. Sweeney, Professor of Agricultural 
Chemistry at Iowa State College, asked me to talk about 
soybeans at one of the food symposiums at this ACS 
Convention. My theme was ‘Let Sam Soy Do It’ and my 
paper embraced an enthusiastic discourse regarding “Sam 
Soy,” a name chosen to personify our American soybean. We 
discussed the growth and possibilities of soybeans in relation 
to agriculture and industry and tried to show how this rugged 
Oriental immigrant has thrived in Uncle Sam’s environment.
 “Now let’s try to note some of the things which have 
materialized as soybeans have developed. Just 47 years 
ago, as a young fellow on a New York State dairy farm, my 
father and I began planting soybeans with corn for silage. 
Dad had read about this new legume plant, how it added 
nitrogen to the soil and how the soybeans as hay or silage 
would increase milk production. So, we sent three dollars to 
a seed house in Virginia and got in return one peck of brown 
soybean seeds along with a little can of black inoculation 
dirt. The soybeans grew very well, seemed to increase 
feeding values, and our milk checks, based on fat premiums, 
were always tops.
 “So, in the late 1920s, after following Horace Greeley’s 
advice to ‘Go West, young man, Go West,’ soybeans were 
not strange to me when I encountered them as a cash crop 
getting under way in the Midwest cornbelt states.
 “My own initiation into the soybean processing business 
was in 1929 operating a small solvent extraction plant at 
Monticello, Illinois, and since that time we have seen the 
annual crop develop in the United States from 9 million 
bushels in 1929 to over 700 million bushels in a short 34 
years.”
 A portrait photo shows Walter E. Flummerfelt. Address: 
Director of Marketing Oilseeds Operations, Specialty 
Products Div., General Mills, Inc.

1544. Johnson, Herbert W.; Means, Ura Mae. 1964. Selection 
of competitive strains of soybeans nodulating bacteria. 
Agronomy Journal 56(1):60-62. Jan/Feb. [8 ref]
• Summary: “Competition among strains of nodulating 
bacteria for nodule sites on legume roots is general and not a 
simple function of the relative numbers of cells of the strains 
to which the roots are exposed (2, 4, 5, 6, 7, 8). The relative 
competitiveness of Rhizobium strains should be an important 
consideration in their selection since in soils containing 
the rhizobia in question strains applied in inoculum must 
compete with strains in the soil.” Some simple procedure for 
identifying the desired Rhizobium strains is needed. Address: 
1. Research Agronomist; 2. Bacteriologist. Both: Crops 
and Soil and Water Conservation Research Divisions, ARS, 
USDA, Beltsville, Maryland; Iowa Agricultural and Home 
Economics Experiment Station, Ames, Iowa. 1. Research 
agronomist; 2. Bacteriologist; 3. Research agronomist and 
Prof. of agronomy.

1545. Harty, R.L. 1964. Effect of previous cropping with 
soybeans on the nodulation of soybeans on the Darling 
Downs, Queensland. Queensland J. of Agricultural Science 
21(1):145-46. March. [1 ref]
• Summary: Persistent reports have noted the diffi culty 
that soybeans have nodulating when grown on the black 
soils of Darling Downs. When grown in fi rst-year soil (i.e. 
soil in which soybeans have not been grown previously), 
uninoculated seed produced 15 plants but no nodules, 
whereas inoculated seed produced 11 plants containing 15 
nodules. On second-year soil, uninoculated seed produced 
19 plants containing 133 nodules, whereas inoculated 
seed produced 13 plants containing 144 nodules. Thus the 
inoculum strain used appeared to be effective, but not until 
the second year. Address: Queensland Dep. of Primary 
Industries.

1546. Abraham, T.A.; Herr, L.J. 1964. Activity of 
actinomycetes from rhizosphere and nonrhizosphere soils of 
corn and soybean in four physiological tests. Canadian J. of 
Microbiology 10(2):281-85. April. [9 ref]
• Summary: “Some evidence indicating that developing 
roots of corn and soybean affected the rhizosphere 
actinomycete fl ora qualitatively as well as quantitatively was 
obtained. Actinomycete numbers were signifi cantly greater 
in the rhizosphere of corn than in soybean rhizosphere of 
plants 3 weeks old. One hundred actinomycete isolates 
were randomly selected from each of the four environments 
and their activity in four tests, hydrolysis of starch and of 
carboxymethyl cellulose, gelatin liquefaction, and nitrate 
reduction, was rated in either of two categories, high or low, 
for each isolate... Furthermore, the percentage of soybean 
rhizosphere isolates with high starch-hydrolyzing activity 
was signifi cantly greater than that of the corn rhizosphere 
isolates.” Address: Dep. of Botany and Plant Pathology, 
Ohio Agric. Exp. Station, Wooster, Ohio. Abraham’s 
present address: Univ. Dep. of Botany, St. Joseph’s College, 
Devagiri, Calicut-8, Kerala, India.

1547. Agricultural Laboratories, Inc. 1964. For faster “self-
service profi ts (Ad). Soybean Digest. April. p. 16.
• Summary: This half-page ad is divided vertically into 
fourths.
 “This compact, colorful display rack is helping more 
dealers move more Legume-Aid every season. And no 
wonder! It’s the easy, instant way to remind farmers to 
inoculate before planting. Put this self-service “Inoculant 
Center” to work for you.” An illustration shows a display 
rack that holds many packets of “New! Legume-aid seed 
inoculant.”
 “For more ‘custom’ profi ts! More dealers are now 
recommending the custom inoculation of soybean seed 
because Liquid Legume-Aid Concentrate is so easy to 
apply at seed cleaning time without messy mixing. Farmers 
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like this extra service. Dealers like the extra profi ts.” An 
illustration shows the words “Liquid Liquid-aid inoculant” 
written inside a black tear-drop shape.
 “For new built-in profi ts!
 “You asked for all varieties of legume seeds already pre-
inoculated and we satisfi ed the demand with “Dormal” Brand 
Inoculant. Don’t let your customers miss out on this growing 
market for legume seed pre-inoculated with ‘Dormal.’” The 
word “Dormal” is written near the top of this column.
 “Go all the way with all three! Every season the 
inoculant business becomes more specialized. So it is just 
plain good business to go all the way with the industry’s fi rst 
and only complete inoculant program. Send for full details 
now.” Address: 1145 Chesapeake Ave., Columbus, Ohio 
43212.

1548. Giddens, Joel. 1964. Effect of adding molybdenum 
compounds to soybean inoculant. Agronomy Journal 
56(3):362-63. May/June.
• Summary: “... molybdenum compounds defi nitely reduced 
nodulation. Apparently, molybdenum compounds should 
not be mixed with the inoculant prior to seed treatment. The 
inoculant and molybdenum should be obtained separately 
and mixed at the time of seed treatment.” Address: Prof. of 
Agronomy, Univ. of Georgia, Athens.

1549. Graham, P.H. 1964. The application of computer 
techniques to the taxonomy of root-nodule bacteria of 
legumes. J. of General Microbiology 35(3):511-17. June. [38 
ref]
• Summary: “The results obtained for the genus Rhizobium 
indicate the need for major taxonomic changes. These 
changes would include: (1) the consolidation of R. trifolii, 
R. leguminosarum and R. phaseoli into a single species, R. 
leguminosarum; (2) The consolidation of A. radiobacter 
and A. tumefaciens and their inclusion as R. radiobacter 
in the genus Rhizobium. The creation of a new genus 
Phytomyxa to contain strains of slow-growing root-nodule 
bacteria is also proposed.” Address: Dep. of Soil Science and 
Plant Nutrition, Institute of Agriculture, Univ. of Western 
Australia.

1550. Abel, George H.; Erdman, Lewis W. 1964. Response 
of Lee soybeans to different strains of Rhizobium japonicum. 
Agronomy Journal 56(4):423-24. July/Aug. [2 ref]
• Summary: “Synopsis: In soils free of soybean rhizobia, 
some strains of Rhizobium japonicum were more effective 
than others on Lee soybeans. In rhizobia-contaminated 
soil, none of the strains caused any detectable growth 
responses on seed-inoculated plants.” Address: 1. 
Research Agronomist, Crops Research and Soil and Water 
Conservation Research Divs., ARS, USDA, Brawley, 
California; 2. Research Microbiologist, Beltsville, Maryland.

1551. Kushijizaki, Mitsuo; Ishizuka, J.; Akamatsu, F. 1964. 
[Physiological studies on the nutrition of soybean plants. 2. 
Effect of nodule formation on nitrogenous constituents of 
soybeans]. Nihon Dojo Hiryogaku Zasshi (J. of the Science 
of Soil and Fertilizer, Japan) 35(9):323-27. Sept. 5. [8 ref. 
Jap]
Address: Japan.

1552. News-Gazette (Champaign, Illinois). 1964. Dr. 
Whiting, 79, dies Saturday. Sept. 19.
• Summary: Dr. Albert L. Whiting, age 79, residing at 715 
Delaware in Urbana, soil research chemist and major partner 
and general manager of the Urbana Laboratories, died at 9:05 
a.m. Saturday (Sept. 19, 1964) in Carle Memorial Hospital. 
He had entered the hospital about 3 hours earlier.
 Mr. Whiting was born on 12 May 1885 in Stoughton, 
Massachusetts, the son of Albert Hayden Whiting and Morria 
[Morilla] Frances (Gould) Whiting. He married Lucille 
DuBois on 30 Dec. 1914 [in Hennepin, Illinois].
 Whiting earned his B.S. degree in 1908 at Massachusetts 
State College, his M.S. degree in 1910 at Rhode Island 
State College, and his doctorate in 1912 at the University of 
Illinois.
 In 1913-16 he was an associate at the University of 
Illinois Agricultural Experiment Station. In 1917 be became 
an assistant professor at the University (UI) and assistant 
chief of the station. In 1918 he advanced to associate 
professor, and from 1919 to 1924 was professor-in-chief at 
UI.
 From 1924 to 1927 he was associate professor of 
agricultural bacteriology at the University of Wisconsin.
 In 1919 he established Urbana Laboratories [to make 
and sell soil inoculants]. He was manager of the fi rm from 
1927 until the time of his death.
 He is survived by his wife and two daughters, Mrs. 
Barbara Frison, Denver [sic, Englewood, Colorado], and 
Mrs. Richard D. Colburn, Winnetka, Illinois.
 A portrait photo shows Dr. Albert Lemuel Whiting in a 
white lab coat and bow tie, wearing rimless glasses.

1553. News-Gazette (Champaign, Illinois). 1964. Services 
for Dr. Whiting Tuesday. Sept. 20.
• Summary: Funeral services for Dr. Albert L. Whiting will 
be held at 3 p.m. Tuesday in Wesley Methodist Church, with 
Rev. Paul Burt and Rev. J. Benjamin Garrison offi ciating.
 “Visitation will be 7-9 p.m. Monday at Renner Funeral 
Home in Urbana, with burial in Mount Hope Cemetery.”
 Dr. Whiting, a resident of the Urbana area almost 
continuously since 1912, has been a noted author of technical 
publications and is listed in Who’s Who in Illinois.
 In addition to his wife and two daughters, he is survived 
by a sister, Mrs. Harold Bailey, Monmouth, Maine; and 
seven grandchildren [Richard W., Carol D. and Keith W. 
Colburn (born 1943-1948); Theodore W., Marilyn Claire, 
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Melinda Anne and Douglas W. Frison (born 1949-1954)].
 His many social activities are listed.

1554. News-Gazette (Champaign, Illinois). 1964. Pallbearers 
for Whiting rites named: Obituaries. Sept. 21.
• Summary: “Active and honorary pallbearers have been 
announced for the funeral Tuesday of Albert Lemuel 
Whiting, 715 W. Delaware Ave., prominent civic leader and 
scientist who died Saturday.
 “Active pallbearers will be William Taylor, Myron 
Kabel, Lawrence Manning, Lowell Fisher, Lyle Blue and 
Roland Bartlett.
 “Honorary pallbearers will be: Dr. J.C. Thomas Rogers, 
Dr. Charles Drenckhahn, Dr. Cesare Gianturco, Nathan V. 
Filbey, the Rev. C.C. Nordling, Stewart Tuckey, Donald 
Smith, Robert Dickey, Frank Terry, Lloyd Morrey, George 
Tuttle, Winfred Gerber, Lewis Claussen, H.C.M. Case, J.C. 
Hackleman, Elmer Roberts, E.L. Simmons, J. Nelson Spaeth, 
Charles Odell and Roland Winkelmann.”

1555. News-Gazette (Champaign, Illinois). 1964. A.L. 
Whiting eulogized at funeral. Sept. 22.
• Summary: Rev. Mr. Burt summarized Mr. Whitings 
traits of “good humor, gracious thoughtfulness and kindly 
generosity” along with a “love of life,” “quiet modesty and 
unequivocal fairness and tolerance.”

1556. Frederick, Lloyd R. 1964. Latest developments in 
soybean inoculation. Soybean Digest. Sept. p. 63-65.
• Summary: “Inoculation of soybeans by rhizobia, the 
nodule bacteria, has been a tremendous success. Naturalized 
strains of rhizobia are found in most soils where the soybean 
has been grown for a period of years. The unique ability 
of nodulated legumes to use nitrogen (N2) from the air 
has helped give the soybean its prominent place in U.S. 
agriculture.
 “We, along with researchers in other places, are 
trying to narrow the ‘knowledge gap’ about soybeans and 
inoculation. How do rhizobia enter the plant and cause 
nodules to form? Why are some strains of rhizobia more 
infective and effective than others? What kind of rhizobia 
have become naturalized in our soils? Can superior rhizobial 
strains be established in the nodules of soybeans when other 
rhizobial strains are present in the soil? How can inoculation 
level be evaluated? Many other questions arise, but our 
considerations will be limited to a few aspects of soybeans 
and inoculation.
 “How do rhizobia infect a plant and cause the formation 
of a nodule? Only certain rhizobia infect certain legumes, 
that is, there is a very specifi c relationship between legume 
and rhizobium. Rhizobia which nodulate soybeans are 
commonly called soybean rhizobia and have the scientifi c 
name, Rhizobium japonicum. These may have many strains 
which vary in infectiveness (ability to form nodules) and 

effectiveness (ability of nodules to fi x N, for plant use).
 “The rhizobia multiply and develop along the growing 
root. So do many other bacteria. In some legumes, a curling 
of the root hair cells has been observed as the fi rst sign 
of rhizobial infection. A growth-promoting substance, 
indoleacetic acid (IAA), can be formed by rhizobia. IAA has 
also been thought to cause root hair curling. IAA may play 
a role in infection, but that role is not yet clearly defi ned. 
Swedish workers, especially Fahraeus and Ljunggren, have 
found that some legume roots make an enzyme, called 
polygalacturonase, when they are in the presence of the 
carbohydrate capsular material formed by the rhizobia. Since 
root cell walls also contain carbohydrates of this type, this 
pectic enzyme could result in softening of the root cell wall 
which could allow the rhizobia to enter the root. This idea 
seems promising, but the intriguing mystery of the infection 
of the root by rhizobia is still essentially unsolved. More 
knowledge about the mechanism of infection could result 
in more effective inoculation. We hope to learn a great deal 
more about the plant’s role in infection and nodulation.
 “The bacterial part of this partnership has been known 
less than a hundred years. When the soybean was introduced 
into the United States, inoculum was necessary to establish 
nodules on the plant because no rhizobia of the right kind 
were present. Today, we fi nd naturalized strains of rhizobia 
in most soybean-growing areas.
 “To fi nd out more about these rhizobia, some way 
of identifying them quickly had to be used. A serological 
technique was used. The rhizobia were injected into the 
vein of a rabbit, whose blood then formed antibodies 
which reacted with the rhizobia that were injected, but not 
with other rhizobia. If a suspension of rhizobia cause a 
precipitation with the serum from the rabbit blood, these 
rhizobia are in the same serological group. Through the 
leadership of Dr. H.W. Johnson, and co-workers at Beltsville, 
the soybean rhizobia had been placed into numbered 
serological groups. Different serological groupings of 
rhizobia in soils of Iowa, Maryland, Mississippi, and South 
Carolina were found by USDA workers.
 “Dr. Damirgi, while at Iowa State, did a more detailed 
study of the rhizobia in Iowa soils. Serogroup 123 was 
dominant in most soils without free lime in the surface (pH 
less than 7.8), was present in 21% to 92% of the soybean 
nodules from different soils, and was present in an average of 
52% of the soybean nodules tested. Dr. Damirgi discovered 
a new serogroup, now called 135, which occupied 60% to 
90% of the nodules in Iowa calcareous soils. Most of the 
nodules in Iowa were infected with one of four serogroups: 
123, 135, 31 and 3. Serogroups 3 and 31 were found in small 
percentages in many soils. In one fi eld, samples of soybean 
nodules were taken every 30 feet along a slope where the 
pH changed from 5.6 to 8.3. In the samples from soil having 
a pH less than 7, serogroup 123 was found in most nodules 
(60% to 95%). Less than 100 feet away, in calcareous soil 
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with a pH about 8, 75% to 90% of the nodules were infected 
with serogroup 135. While the pH of the soil had a marked 
effect on 123 and 135, other soil factors which may affect the 
dominancy of a serogroup need evaluation.
 “Infl uence of Variety: The host variety has an infl uence 
on both the infectiveness and effectiveness of the rhizobia. 
Many of you are familiar with the work Dr. C.R. Weber has 
done in developing soybean isolines for nodulation which 
are genetically alike except that of a pair the susceptible 
one will nodulate and the resistant one will not nodulate 
under fi eld conditions. These nodulating and nonnodulating 
isolines offer a unique tool for measuring symbiotic 
relationships which were heretofore diffi cult to assess. An 
example is the use of a pair of isolines at Ames to determine 
that about 3 pounds of fertilizer were needed to give an 
increase of 1 pound of nitrogen in the soybean plant. Use of 
these soybean isolines also may yield the key to resistance 
and susceptibility of legume plants to nodule formation. 
Elkan and his co-workers at North Carolina have found 
that the microbial fl ora around the roots are different for 
each member of the isoline pair. Growing the pair in close 
proximity reduced the nodulation of the susceptible isoline. 
Roots of the resistant isoline excreted materials which 
changed the rhizobia to the noninfective bacteroid form. 
Clark showed that grafting did not change the susceptibility 
of the root to nodulation. On the other hand, the rhizobial 
strain does affect the nodulation response. While many 
rhizobial strains effectively nodulate the susceptible soybean 
isoline, only a very few strains have produced nodules on the 
resistant isoline in sand culture, and nodulation has not been 
found on the resistant isoline in fi eld soils.
 “Apparently, serogroup 123 is not only effective but 
also very competitive in infectivity for most of the soybean 
varieties currently used in Iowa. Rhizobia in serogroup 3 and 
123 were mixed in the initial inoculum for Hawkeye in ratios 
of 10:1, 1:1 and 1:10. Serogroup 123 was found in half or 
more of the nodules with all these ratios. At the present time, 
we can say that there are some real interactions between 
host variety and rhizobial serotype, but the causes of these 
relationships remain to be determined.
 “We’ve been talking about soybeans. And inoculation. 
Inoculation of a legume should result in effective nodules 
on the legume. Today, inoculated rhizobial strains must 
possess superior infectivity and effectivity to be of value. 
Inoculation should be evaluated by proper tests. What do the 
tests for inoculation mean? In the common, grow-out test, 
several seeds are planted in sand in a container; the plants are 
grown in a greenhouse or growth chamber. A positive test for 
inoculation with rhizobia is obtained if the four- to six-week-
old plants have nodules and good growth with dark green 
leaves. We were surprised to fi nd that a positive test really 
means only that at least one seed carried a few rhizobia per 
seed. We have repeatedly found all plants nodulated even 
if only one seed carried rhizobia. Apparently, this result is 

obtained because of transfer of rhizobia from one plant to 
another in the sand culture. (This transfer of inoculum in 
sand culture is probably due to multiplication of the rhizobia 
and their movement through the medium. The transfer of 
rhizobia in fi eld soils probably would be much more limited.) 
Much better information on the level of inoculation can be 
obtained if seeds are grown in separate containers. With such 
a test, by proper dilution, the number of effective rhizobia 
per seed can be determined.
 “Today’s Problem: Today, the inoculation problem is 
not simply one of providing a compatible rhizobium for 
soybeans in a soil which has no soybean rhizobia present. 
Instead, we are faced with the challenge of providing 
superior strains in the inoculum and inoculating in a manner 
which will establish those strains in the nodules. Recent 
work by Johnson, Means and Weber indicated that the usual 
inoculation techniques generally were not very effective in 
establishing new strains in the nodules of soybeans grown in 
fi eld soils containing naturalized rhizobia. Inoculation with 
certain strains of rhizobia, however, nearly always resulted 
in an increase of that strain in the nodules. Increasing the 
amount of inoculum, the use of stickers (sugar, gum arabic, 
honey, other additives) and time of inoculation showed 
promise of increasing the effectiveness of inoculation, but 
much yet is to be learned about inoculation under today’s 
conditions.
 “Infective and effective Rhizobium japonicum can 
supply soybeans with abundant and economical nitrogen 
from the air (N2). Improved methods of inoculation with 
superior, selected strains of rhizobia may well be one of the 
simplest and most economical ways of increasing yields of 
soybeans.”
 A portrait photo shows Lloyd Frederick.
 Note 1. This is the earliest document seen (Nov. 2018) 
that contains the word “serogroup” or the term “serogroup 
123.”
 Note 2. This is the earliest document seen (Nov. 2018) 
that contains the word “nonnodulating” (written solid, as one 
word), or the term “nonnodulating isolines.” Address: Dep. 
of Agronomy, Iowa State Univ., Ames, Iowa.

1557. Illinois Alumni News. 1964. A.L. Whiting deceased. 
Nov.
• Summary: “Albert Lemuel Whiting, Ph.D. ‘12, a former 
member of the soil biology faculty, died Sept. 19 in Urbana. 
He was founder, major partner and general manager of the 
Urbana Laboratories.”

1558. Goldsworthy, P.R.; Heathcote, R. 1964. Fertilizer 
trials with soya beans in northern Nigeria. Empire J. of 
Experimental Agriculture 32(127):257-62. [6 ref]
• Summary: Soybeans respond very well with increased 
yields to the application of superphosphate, but the 
monetary return is poor. “Evidence from fi eld trials and a pot 
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experiment has shown that soya beans respond to an addition 
of sulphur and phosphorus and that, as with groundnuts, they 
are able to fi x nitrogen provided that sulphur is not limiting... 
Soya beans grown in the Southern Guinea Zone of Northern 
Nigeria where a rainy season of 5 months or more makes the 
cultivation of groundnuts diffi cult.”
 “It has already been shown that superphosphate is the 
best phosphorus fertilizer to use on groundnuts in this zone, 
because of the sulphur it contains; for the same reason it is 
likely to be the best fertilizer to use for soya beans, although 
in the soya bean experiments no comparisons were made 
with other forms of phosphorus fertilizer.”
 As a result of pot trials, the authors considered that 
application of nitrogen to soyabeans in northern Nigeria 
was unnecessary. Address: Inst. for Agricultural Research, 
Samaru, Northern Nigeria.

1559. Naumov, S.; Polyanskov, V.; Smolina, Z. 1964. 
[Silicate bacteria increase yield]. Zernobobovye Kul’tury 
(Grain and Bean Cultivation) No. 5. p. 22. [Rus]*
• Summary: Note: The Brest Oblast is a subdivision of the 
southwestern Belorussian SSR. The capital is Brest or Brest 
Litovsk (in Polish: Brzesc nad Bugiem). Address: Brest 
Pedag. Inst.

1560. Beadle, N.C.W. 1965. Nitrogen economy in arid and 
semi-arid plant communities. III. The symbiotic nitrogen-
fi xing organisms. Proceedings of the Linnean Society of New 
South Wales 89(Part 2, No. 405):273-86. Jan. [11 ref]
• Summary: Page 278 reports nodulation in Glycine sericea 
(F. Muell) Benth. (=G. canescens Hermann), and Glycine 
tomentella Hayata (=G. tomentella Benth.) in Australia. 
Address: Dep. of Botany, Univ. of New England, Armidale, 
NSW, Australia.

1561. Dobereiner, Johanna; Arruda, N.B. de; Penteado, A. de 
F. 1965. Problemas de inoculacao de Soya em solos acidos 
[Problems with the inoculation of soybeans in acid soils]. 
Anais de Congreso Internacional de Pastagens) Proceedings 
of the International Grassland Congress 9th. Jan. 7 p. Held 
7-20 Jan. 1965 at Sao Paulo, Brazil. [10 ref. Por; eng]*
Address: Inst. Pesquisas Exp. Agropec. Centro Sul, 
Guanabara, Brazil.

1562. Bergersen, F.J. 1965. Ammonia–An early stable 
product of nitrogen fi xation by soybean root nodules. 
Australian J. of Biological Sciences 18(1):1-9. Feb. [11 ref]
• Summary: Ammonia has been considered the most likely 
form in which fi xed nitrogen enters assimilatory pathways 
in both free-living and symbiotic agents of nitrogen fi xation. 
Experiments with detached soybean root nodules exposed to 
atmospheres containing very high enrichments of radioactive 
nitrogen for short periods of time have shown that at about 1 
minute from the beginning of fi xation, more than 90% of the 

soluble fi xed nitrogen could be accounted for as ammonia. 
“The proportion of the newly fi xed nitrogen in this form then 
rapidly diminished as the ammonia was converted into amino 
and other compounds.” Address: Div. of Plant Industry, 
CSIRO, Canberra, Australia.

1563. Bergersen, F.J. 1965. Ammonia–An early stable 
product of nitrogen fi xation by soybean root nodules. 
Australian J. of Biological Sciences 18(1):1-9. Feb. [11 ref]
• Summary: Ammonia has been considered the most likely 
form in which fi xed nitrogen enters assimilatory pathways 
in both free-living and symbiotic agents of nitrogen fi xation. 
Experiments with detached soybean root nodules exposed to 
atmospheres containing very high enrichments of radioactive 
nitrogen for short periods of time have shown that at about 1 
minute from the beginning of fi xation, more than 90% of the 
soluble fi xed nitrogen could be accounted for as ammonia. 
“The proportion of the newly fi xed nitrogen in this form then 
rapidly diminished as the ammonia was converted into amino 
and other compounds.” Address: Div. of Plant Industry, 
CSIRO, Canberra, Australia.

1564. Henderson, F.C. 1965. Division of Plant Industry. 
Territory of Papua and New Guinea, Department of 
Agriculture, Stock and Fisheries, Annual Report (Port 
Moresby). p. 48-163. April. For the years 1961-63. See p. 48, 
108-09, 156, 163.
• Summary: In the section titled “Highlands Agricultural 
Experiment Station, Aiyura” is a subsection on a “Soya 
bean variety trial” (p. 108-09) which states: “Interest in this 
crop has stemmed primarily from its nutritional value, and 
chemical analyses have been associated with agronomic 
studies. A variety trial was planted in November 1961, to 
compare yields of 15 varieties and to study the effect of 
inoculation of the seed with Rhizobium.”
 “In 1963, plots of most of these varieties were planted at 
Aiyura, Minj, Wabag and Laiagam, in order to compare their 
performance at different localities and altitudes.” A table 
(p. 109) shows the results of the trial harvested in 1962. For 
each of the 15 varieties is given the name, place of origin, 
seed description, time to mature in months, and yield. Yields 
from inoculated plants was only about 2½% greater than 
from uninoculated plants The highest yielding varieties (in 
lb/acre) were: Tanganyika (2,643; from Tanganyika, large 
dull black seed). Coral Sea Mission (2,407; from Goroka 
in highlands of central Papua New Guinea, large dull black 
seed). Avoyelles (2,366; from Nigeria, black, yellow and 
brown seeds mixed). Hernon 49 (2,330; from Tanganyika, 
large yellow seed). Baptist Mission (2,175; from Baiyer 
River in highlands of central Papua New Guinea, large 
yellow seed). Blyvoor (2,014; from South Africa, large 
yellow seed). Batavian Yellow (1,990; from Tanganyika, 
shiny black seed). SHE 30 (1,900; from Congo, large yellow 
seeds). Glycine 317 (1,742; from Tanganyika, small yellow 
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seed). Geduld (1,639; from South Africa, large yellow seed). 
CN 5 (1,582; from Tanganyika, small yellow seed). Ringgit 
(1,462; from Indonesia, small yellow seed). Two Mamloxi 
varieties from Nigeria gave very low yields.
 In the section titled “Agricultural chemistry,” a 
subsection on “Plant nutrition studies” (p. 155-56) contains a 
table showing that 2 samples soybean leaves were analyzed 
in 1961-62. A paragraph titled “Soya bean” (p. 163) states 
that 37 samples “were received from variety trials at the 
Highlands centers of Aiyura, Minj, Wabag and Laiagam.” 
Those which have been analyzed show wide variations in 
oil and crude protein content between varieties and within 
the same variety grown at different locations. Samples 
including “soya bean, soya oil and soya bean cake from a 
small oil crushing installation established by a Mission in the 
Markham Valley” were also analyzed. Address: Director.

1565. Johnson, Herbert W.; Means, U.M.; Weber, C.R. 1965. 
Competition for nodule sites between strains of Rhizobium 
japonicum applied as inoculum and strains in the soil. 
Agronomy Journal 57(2):179-85. March/April. [15 ref]
• Summary: “Summary: The success of strains of Rhizobium 
japonicum applied as inoculum in different amounts and by 
different methods in producing nodules on soybeans (Glycine 
max (L.) Merr.) was evaluated over a three-year period in 
soils containing effective strains of the bacteria. Strains 
differed greatly in the proportion of nodules produced even 
when applied as inoculum at 700 times the standard rate.
 “The average recovery of strains applied at the standard 
rate of inoculation was 5%. However, the recovery of the test 
strains applied with a sticking agent at 25 times the standard 
rate was at least 5 times the recovery from the standard 
procedure in most instances.” Address: Crops and Soil and 
Water Conservation Research Div., ARS, USDA, Beltsville, 
Maryland; Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. 1. Research agronomist; 
2. Bacteriologist; 3. Research agronomist and Prof. of 
agronomy.

1566. Le Roux, P.M. 1965. Want to cultivate soybeans? A 
few hints. Farming in South Africa 41(4):45-46. July.
• Summary: Contents: Introduction. Climate and soil. 
Fertilisation. Varieties. Preparation of seed. Espacement. 
Planters. Inoculation with rhizobium bacteria. Cultivation 
after sprouting. Harvesting. Insect pests.
 “Soybeans can be cultivated profi tably in the summer 
rainfall region. It is one of the best crops to rotate with maize 
because maize planted after soybeans is less subject to root 
and stem rot infection. Moreover, the erectness of the maize 
improves, which facilitates mechanical harvesting.” Address: 
Faculty of Agriculture, Univ. of Pretoria, South Africa.

1567. Burton, J.C.; Curley, R.L. 1965. Comparative 
effi ciency of liquid and peat-base inoculants on fi eld-grown 

soybeans (Glycine max). Agronomy Journal 57(4):379-81. 
July/Aug. [4 ref]
• Summary: “Synopsis: Both types of inoculant were 
effective when the seed were planted 1 day after inoculating, 
but when seed were held for 7, 14, or 21 days before 
planting, the peat-base inoculant proved superior in bringing 
about effective nodulation and higher yields. The effi ciency 
of the liquid inoculum for preinoculating soybeans was not 
improved appreciably by increasing the number of rhizobia 
2½ times. Possible explanations of the superiority of the peat 
base inoculum are discussed.”
 Davidson and Reuszer (Jan. 1978) stated that Burton 
and Curley “found that as many as 200,000 R. japonicum 
cells per seed were required for good nodulation under fi eld 
conditions when a peat-base inoculant was used, whereas 
500,000 cells per seed gave unsatisfactory nodulation when 
applied to the seed as a liquid.” Address: 1. Bacteriologist; 2. 
Agronomist, The Nitragin Co., Inc., Milwaukee, Wisconsin.

1568. Howell, R.W. 1965. Current soybean production 
research. Soybean Digest. Sept. p. 25-26.
• Summary: “The cooperative soybean research program of 
the U.S. Department of Agriculture and the state experiment 
stations has been discussed at your last two meetings by Dr. 
Herbert Johnson and Dr. Marion Parker. You are aware from 
their talks that resources (funds) for soybean production 
research have been increased in recent years. Dr. Ennis has 
discussed the increased emphasis on weed and nematode 
control in soybeans.
 “Additional resources that became available for soybean 
research in the fi scal year 1965 enabled us to expand our 
work on breeding, diseases, and physiology to improve 
yields, crop quality, and effi ciency of production. About half 
of these new resources were devoted to expansion of work 
in our own fi elds and laboratories, and about half for work 
under contract with other research agencies. In strengthening 
our own so-called ‘in-house’ program of research we are 
providing our fi rst laboratory and greenhouse facilities for 
work on nodulation and on physiology of the soybean plant 
at Beltsville.
 “Dr. B. E. Caldwell is succeeding Dr. Herbert Johnson 
in our research on nodulation. One of the serious limitations 
on practical exploitation of the nodulation work has been 
diffi culty of establishing a new strain of rhizobia in a fi eld 
with an existing population. Inoculation techniques are 
being studied and there is some reason for encouragement, 
although there are many complexities related to soil types, 
to interactions of soybean and bacterial genotypes, and to 
methods of applying the inoculum.
 “Last fi scal year we negotiated cooperative agreements 
with three universities for soybean research with the 
following objectives:
 “1–The University of Missouri will develop cyst 
nematode-resistant varieties for the Midwest. These varieties 
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should become available faster than the nematode spreads 
into new areas, if the rate of spread is not greatly increased.
 “2–North Carolina State will conduct research on 
photosynthesis, and a comparison of varieties for differences 
in effi ciency of photosynthesis. Many separate pieces of 
evidence point to variables in photosynthesis as signifi cant in 
crop production, and we expect to place substantial emphasis 
on basic studies in this area in the future.
 “3–Purdue University will conduct research on nucleic 
acids in soybeans, with particular attention to comparisons 
in high protein and normal types. Nucleic acids are the 
biochemical carriers of inheritance and they are key 
participants in protein synthesis. This work may have general 
implications contributing to all phases of our work.
 “In addition to resources for these activities we received 
funds for a study of mycotoxins in soybeans. Agreements 
have been made with Iowa State University and Virginia 
Polytechnic Institute for identifi cation of molds and assay of 
the toxin hazard. We are collecting samples of many soybean 
varieties each week during seed development and for several 
weeks after maturity at locations in all soybean producing 
areas for use in this study.
 “Further Problems: Geo. M. Strayer has asked me to 
comment on problems requiring further effort, and on our 
plans for attacking these problems.
 “Soybean production problems come down to increased 
yields. This is our No. 1 objective. But we are continually 
diluting this effort because of the necessity of attacking 
related problems. For example, emphasis in recent years on 
getting good Phytophthora-resistant varieties has delayed 
the introduction of Phytophthora-susceptible varieties. 
Development of a cyst-nematode-resistant variety required 
many man-years.
 “Our rate of progress is largely a question of manpower. 
Our scientists almost always have been short of adequate 
help. We are now able to increase support of our scientists 
with more subprofessional help and, at some locations, 
additional facilities. We have not yet achieved the emphasis 
on plant physiology that is needed. We plan to employ a 
physiologist to work specifi cally on photosynthesis. This 
will be related to the work in North Carolina but will not 
duplicate it. We plan to establish at least two and possibly 
three other scientifi c positions. Final arrangements have 
not been made as to the exact programs or location of these 
positions. However, there is need for a plant breeder for the 
Delta area (this is more urgent since Dr. Matson resigned 
from the Portageville, Missouri, station), a pathologist, and/
or a breeder to be concerned with improvement of seed 
quality. Other professional positions are being considered.
 “Our contract funds in 1966 and later years will be 
used for specifi c projects by which useful information can 
probably be obtained in 2 to 5 years. We will continue to 
invite agronomy and plant pathology departments and other 
research organizations to make proposals. We received more 

good proposals than we could support last year.
 “Many New Varieties: The recent increases in our 
funds have enabled us to initiate work in several scientifi c 
areas and to increase effort in others. The results will be 
refl ected in improved soybeans for the farmer in the future. 
It is signifi cant that 1965 has seen the largest number of 
new varieties from the cooperative USDA-state experiment 
station program that we have ever released in 7 years.
 “Enumerating these chronologically in the order of 
release, Traverse variety was released with Minnesota and 
adjoining states last spring. This variety with a colorless 
hilum has been developed especially for the export market 
and represents a tangible result of the increased support of 
soybean research in Minnesota for the last few years.
 “Pickett has been released with North Carolina and 
several other southern states as a variety resistant to the 
soybean cyst nematode. We think this will take the heat 
off so far as severe problems from the cyst nematode are 
concerned in most areas.
 “Amsoy variety has been released with Iowa and other 
states, and is especially adaptable to north central Iowa and 
areas of comparable latitude.
 “Dare is another new southern variety, most of the 
developmental work of which was done in North Carolina. It 
adds signifi cant disease resistance.
 “Semmes was released by Mississippi and other states 
and Davis by Arkansas. Each of these has Phytophthora 
resistance.
 “While the number of varieties released is not the only 
criterion for research advances, it is an end product which 
is most useful to you. Yet I must repeat what has been said 
before, that our knowledge of the basic biology of soybean 
production continues to be defi cient. We constantly face 
the threat of more serious disease problems; we fail to 
understand why the soybean produces less than some other 
crops, and why we cannot write a reliable prescription to 
produce 50 or 60 or 70 bushels; and we have not found 
the key to that will-of-the-wisp, hybrid soybeans. All of 
these questions concern us, but of necessity, they can get 
only limited attention from our present staff. They offer 
stimulating and promising opportunities for research that will 
provide better soybeans in the future.”
 A portrait photo shows R.W. Howell. Address: USDA, 
ARS, CR, Soybean Investigations, Beltsville, Maryland.

1569. Owens, L.D.; Wright, D.A. 1965. Rhizobial-induced 
chlorosis in soybeans: Isolation, production in nodules and 
varietal specifi city of the toxin. Plant Physiology 40(5):927-
30. Sept. [9 ref]
• Summary: Rhizobial-induced chlorosis in soybeans 
is a rather unusual disease. Four soybean varieties were 
grown with various combinations of 6 strains of Rhizobium 
japonicum, the root nodule organism. Two of the varieties, 
Hawkeye and Lee, have been classifi ed as being highly 
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resistant to rhizobial-induced chlorosis. The other two, 
Otootan and Improved Pelican are classifi ed as being 
resistant.
 Summary: “Rhizobial-induced chlorosis was found to be 
caused by a single, nonspecifi c, phytotoxin amino compound 
produced in the nodules of certain soybean-rhizobial 
associations. The phytotoxin was recovered in substantial 
quantities from young chlorotic leaves, but not in older, 
normal-appearing leaves of soybean plants.” Address: U.S. 
Soils Lab., Soil and Water Conservation Div., Agricultural 
Research Service, USDA, Beltsville, Maryland.

1570. Sellschop, J.P.F.; Niekerk, B.F. van. 1965. Soybeans 
are in demand. Farming in South Africa 41(6):52-55. Sept. 
[2 ref]
• Summary: In South Africa roasted soybean meal “used 
to be generously included in the diet of certain classes 
of labourers in gold and coal mines. They are now used 
largely for the manufacture of certain patent foods, and 
the extraction of oil. The oil is processed for cooking 
purposes, for use in paints, and for other industrial purposes. 
The protein-rich meal is used to feed livestock. “Shelled 
immature soybeans are sometimes used, as a vegetable.”
 Soybeans are a good crop to rotate with maize, kaffi r 
corn, and wheat to help prevent root and stem diseases. They 
are an important hay crop in humid localities, they smother 
weeds (such as watergrass), and they are not attacked by the 
witchweed plant parasite. Soybeans are more resistant to 
frost than cowpeas, velvet beans, and groundnuts. The most 
suitable areas for soybean production are the warmer, more 
humid maize-producing areas of South Africa, where the 
annual rainfall exceeds 550 mm (22 inches) per annum, and 
where the elevation is less than 5,000 feet above sea level.
 “Areas that have produced considerable quantities of 
soybeans recently are the districts of Piet Retief, Waterverg-
Potgietersrus, Delmas, Lydenburg, Klerksdorp-Fentersdorp, 
and Richmond and Ixopo in Natal.” A map with dots shows 
the main soybean producing areas in South Africa; they are 
in the northeast, in Transvaal and Natal.
 Details on soybean cultivation are given: Soil, fertilisers, 
inoculation of the seed, soil preparation, planting time, 
implements, seed quality, harrowing and cultivation, 
harvesting, storage, yields, hay and silage, disposal [sale]. 
On dryland, yields of beans average 2,000 to 2,400 lb per 
morgen (1 morgen = 2.1165 acres). The yield of hay is about 
3 to 8 tons per morgen and the yield of green silage material 
about 5 to 15 tons. Address: Agricultural Research Inst., 
Potchefstroom, South Africa.

1571. Kremnina, A.N.; Pronin, V.A. 1965. Kornevye 
vydeleniya kukuruzy i ikh vliyanie na nekotorye storony 
zhiznedeyatel’nosti pastenii soi [Root excretions from 
maize and their effect on some of the vital functions of soy 
plants]. Fiziologiia Rastenii (Physiology of Plants) (Moscow) 

12(5):847-52. Sept/Oct. [11 ref. Rus; eng]
• Summary: “It is found that when maize and soy are grown 
together the soy plants may grow on dry soil by using the 
moisture of root excretions of the maize plants, some of the 
roots of which are suffi ciently supplied with water. The root 
excretions from maize in this case lower the amount and 
nitrogen-fi xing activity of tubercle bacteria on soy roots and 
promote the development of other groups of microorganisms. 
It is also noted that the amount of root excretions and 
intensity of microfl ora development in the root layer of 
soil near the soy roots depends on the development phase 
of maize. The root excretions of maize exert a pronounced 
effect on the chemical composition of soy. Thus, the amount 
of nitrogen decreases and the amount of water-soluble 
carbohydrates increases in soy plants cultivated together with 
maize plants.” Address: Vses. N.-I. Inst. Kormov, Lugovaya, 
Mosk. Obl (All-Union Fodder Inst., Lugovaya, Moscow 
Region).

1572. Murphy, S.G.; Elkan, G.H. 1965. Nitrogen metabolism 
of some strains of Rhizobium japonicum having different 
nodulating capacities. Canadian J. of Microbiology 
11(6):1039-41. Dec. [4 ref]
• Summary: This article begins: “Previous reports have 
described studies on an isogenic mutant strain of soybean 
that does not form nodules in the presence of strains of 
Rhizobium japonicum capable of nodulating the parent 
soybean strain under similar conditions (1, 2, 3). Clark 
reported a number of strains of R. japonicum capable of 
effectively nodulating both the parent and mutant soybean 
plants.” Address: Dep. of Microbiology, North Carolina State 
Univ., Raleigh.

1573. Hamatová-Hlavácková, E. 1965. [The selecting 
of strains of Rhizobium japonicum capable of reliable 
nodulation in Czechoslovak soya varieties]. Ved. Pr. Vysk. 
Ust. Rostl. Vyroby Praze-Ruzyni 9:193-209. [33 ref. Cze; 
eng; ger; rus]*
Address: Ustr. Vysk Ust. Rostl. Vyroby, Prague-Ruzyne, 
Czechoslovakia.

1574. Hematova, E. 1965. [Effect of gamma radiation on 
the fi xation activity of Rhizobium japonicum in two soya 
varieties]. Ustredhiho Vyzkumneho Ustavu Rostlinne Vyroby 
v Praze-Ruzyni, Vedecke Prace Ustred Vyzkumn. Ust. Rostl. 
Vyroby. Prague, Scientifi c Studies Vol. 8. 194 p. For the year 
1964. See p. 155-62. [15 ref. Cze; eng; ger; rus]*
Address: Central Research Institute for Plant Production, 
Prague.

1575. Seopardi, Goeswono. 1965. The infl uence of some 
nutritional conditions on nodulation of and nitrogen 
fi xation by peanut plants. MSc thesis, North Carolina State 
University, Raleigh. *
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1576. Corby, H.D.L. 1965. Report of national Rhizobium 
trial for soyabeans. 1963/1964. Mimeo. Rep. No, 236/59, 
Grasslands Research Station, Marandellas, Zimbabwe. *
• Summary: The author was the fi rst to describe nodulation 
of soyabean by indigenous rhizobia in African soils. He 
found the variety Hernon 147 unresponsive to rhizobial 
inoculation, with nodules present on uninoculated plants at 
research stations at Mount Makulu and Magoye in Zambia 
and at Henderson (near Harare), Kadoma and Chimanimani 
in Zimbabwe. A strong response to inoculation was found 
at only one site in the Save Valley in Zimbabwe, and in that 
case the uninoculated plants were ineffectively nodulated. 
Corby concluded that the populations of rhizobia of present 
in the soil were suffi cient to ensure adequate nodulation, but 
this was not pursued. Address: Zimbabwe.

1577. Goldsworthy, P.R.; Heathcote, R. 1965. Fertilizer 
trials with soyabeans in northern Nigeria. Samaru Research 
Bulletin No. 49. p. 257-62. Originally published in Empire J. 
of Experimental Agriculture 32(127):257-65 (1964). [6 ref]
• Summary: “Evidence from fi eld trials and a pot experiment 
has shown that soya beans respond to additions of sulphur 
and phosphorus and that, as with groundnuts, they are able to 
fi x nitrogen provided sulphur is not limiting. A summary is 
given of the responses of soya beans to superphosphate.
 “Soya beans are grown in the Southern Guinea Zone of 
Northern Nigeria where a rainy season of 5 months or more 
makes the cultivation of groundnuts diffi cult. If planted late, 
groundnuts may suffer from rosette disease; if planted early, 
to avoid rosette, the crop matures before the end of the rains 
and harvesting is troublesome. Until these problems are 
solved soya beans will continue to be grown although they 
usually yield less than groundnuts and are worth only just 
half the price. Between 1955 and 1962 production fl uctuated 
between 3,000 and 14,500 tons a year with an average of 
10,000 tons a year.” Address: Inst. for Agricultural Research, 
Samaru, Northern Nigeria.

1578. Territory of Papua and New Guinea, Department 
of Agriculture, Stock and Fisheries, Annual Report (Port 
Moresby). 1965. Division of Plant Industry. p. 40-123. For 
the years 1963-64. See p. 72-73, 96-97, 120.
• Summary: In the section titled “Highlands Agricultural 
Experiment Station, Aiyura” table 82 (p. 72) outlines seven 
crop rotation trials at Aiyura. Soybean and peanut were 
among the crops used. A paragraph on “Soybean variety 
trials” (p. 73) states that these varieties were planted in mid-
April 1964 at Wabag, Korn Farm, Goroka, Gembogi, and 
Aiyura. The six varieties showing the most promise in earlier 
trials were planted at each site.
 The section titled “Plant Introduction and Quarantine 
Station, Laloki” states (p. 96) that 9 bottles of Rhizobium 
inoculum for soybean were distributed to growers throughout 

the Territory. In addition, soils from various areas in the 
Territory were tested for the occurrence of bacteria able to 
nodulate some common legumes, including soybean (p. 97).
 The section titled “Agricultural chemistry” contains a 
paragraph on “Soybean” (p. 120) stating that 21 samples of 
soybean were received from variety trials at the Highland 
centers of Aiyura and Laiagam. “They showed wide 
variations in oil and crude protein content between varieties 
and within the same variety between localities.”

1579. Bergersen, F.J. 1966. Nitrogen fi xation in breis of 
soybean root nodules. Biochimica et Biophysica Acta (BBA)–
General Subjects 115(1):247-49. Jan. 25. [10 ref]
• Summary: Detached legume root nodules fi x nitrogen 
(1) but fi xation is reduced in sliced nodules and absent in 
crushed nodules (2). There have been many attempts to 
obtain nitrogen fi xation in nodule extracts but only Turchin, 
Berseneva and Zhidikikh (3) have claimed success. The 
preparation of the breis is described.
 Note: In microbiology, a brei (pronounced bray) is a 
suspension of fi nely divided tissue in an isotonic medium. It 
comes from the German brei meaning “mash.” Address: Div. 
of Plant Industry, Commonwealth Scientifi c and Industrial 
Research Organization [CSIRO], Canberra (Australia).

1580. Weber, C.R. 1966. Nodulating and nonnodulating 
soybean isolines: I. Agronomic and chemical attributes. 
Agronomy Journal 58(1):43-46. Jan/Feb. [5 ref]
• Summary: Williams and Lynch (1954) reported a mutant 
soybean variety unable to produce nodules on its roots. 
This variety usually gives large increases in the following 
attributes with increased amounts of applied nitrogen: yields 
of seed and dry matter, seed size (grams per 100 seeds), 
protein in seed and dry matter.
 Note: This is the 2nd earliest document seen (Sept. 
2018) that contains the word “nonnodulating” written solid 
as one word.
 Note: This is the 2nd earliest document seen (Sept. 
2018) that contains the term “nonnodulating soybean 
isolines.” Address: Agronomist, Crops Research Div., 
and Prof. of Agronomy, Iowa State Univ. of Science and 
Technology, Ames, Iowa.

1581. Weber, C.R. 1966. Nodulating and nonnodulating 
soybean isolines: II. Response to applied nitrogen and 
modifi ed soil conditions. Agronomy Journal 58(1):46-49. 
Jan/Feb. [7 ref]
• Summary: “Abstract: Nodulating and nonnodulating 
soybean isolines fi eld-tested for 7 years produced essentially 
equal N yields when adequate combined N was available. 
The amount of N fi xed symbiotically depended largely upon 
the availability of soil N, water, or both, and ranged from 
1 to 142 pounds per acre, that is, 1 to 74% of the total N 
uptake, respectively. The amount of symbiotic N fi xation 
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decreased rapidly with increases in fertilizer N.”
 Note 1. This is the earliest document seen (Sept. 
2018) that contains the term “nonnodulating soybean 
isolines” (with the word “nonnodulating” written 
solid as one word).
 Note 2. This is the 2nd earliest document seen 
(Sept. 2018) that contains the word “nonnodulating” 
(written solid, as one word). Address: Agronomist, 
Crops Research Div., and Prof. of Agronomy, Iowa 
State Univ. of Science and Technology, Ames, Iowa.

1582. Burton, Joe C. 1966. A modern concept of 
soybean inoculation. Soybean Digest. March. p. 13-
14, 16, 18.
• Summary: At the top left of the title of this article: 
“Two views of inoculation: See page 21 for second 
article” [by Ham and Frederick].
 Two-thirds of the fi rst page if this article is a 
photo of nine soybean nodules in 3 vertical rows. The 
nodules in the left row are small whereas those in the 
right row are about 3 times as large in diameter. The 
caption: “Soybean root nodules split open to show the 
typical pink color of effective nodules. Left to right, 
ineffective, moderately effective, and highly effective 
nodules.”
 “There is good reason to believe that thorough 
inoculation with the proper strains of rhizobia can increase 
soybean yields substantially even in fi elds which have 
grown this legume many times previously. This article is a 
discussion of the factors involved and modern objectives in 
soybean inoculation.
 “’Carryover’ Rhizobia: Unlike their host, the nodule 
bacteria can endure the frost and cold of winter. As the 

nodules decay in the fall, numerous rhizobia are released 
in the soil. With favorable conditions, they may survive 
in substantial numbers for years. The question is: ‘How 
effective are these left-over nodule bacteria for succeeding 
crops?’
 “The evidence on this point is fragmentary and 
controversial. Certain workers have reported that free-living 
rhizobia in the soil soon lose their effectiveness. Others 
have obtained excellent nodulation and nitrogen fi xation in 
soils where soybeans have not been grown for as long as 
12 to 15 years (Hartwig). This question cannot be answered 
unequivocally because there are many factors involved and 
undoubtedly results are variable.
 “Certainly the wide culture of soybeans over the years 
has resulted in a buildup of rhizobia in soils but can these 
bacteria left over in our soils from years past provide the 
degree of effi ciency needed for maximum yields of our 
newer varieties? Since the bacteria and host plant work 
as a team, progress in development of varieties should be 
accompanied by progress in selection and development 
of more effective rhizobial strains. The challenge to the 
legume bacteriologist is to select more effi cient strains and to 
develop inoculation procedures to insure nodulation by these 
strains in the presence of abundant native rhizobia in the soil.
 “Soybean Rhizobia Differ: Although strains of rhizobia 
are usually indistinguishable under the microscope and 
show only minor differences on culture media, their abilities 
to enhance growth of their host often differ immensely. 
Of those able to nodulate soybeans, certain strains are 
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ineffective on all varieties; some are good nitrogen fi xers 
on only a few varieties; and others are effective on a wide 
spectrum of soybean varieties. For optimum symbiosis, 
rhizobial strains must be properly matched with soybean 
variety. With new varieties being introduced continuously, 
rhizobial strain selection becomes a highly important 
and ceaseless challenge to the rhizobiologist. Another 
equally important characteristic of the rhizobial strain is its 
competitiveness or ability to effect nodulation in the environs 
of a mixed rhizobial population. USDA scientists have 
shown conclusively that strains of soybean rhizobia differ 
greatly in this so-called competitive quality which enables 
them to effect nodulation. Without this ability, nitrogen-
fi xation effi ciency cannot be fully realized.
 “In the Midwest, soybeans are commonly rotated with 
corn. With the ever-increasing amounts of nitrogen fertilizer 
being applied to corn, there is a greater amount of residual 
nitrogen for the soybean crop. High soil nitrogen often 
impedes effective nodulation and, as was pointed out by 
Able, can actually be detrimental to a profi table crop.
 “Tests conducted by Nitragin Co. scientists in 1965 
indicate that certain rhizobial strains are better suited than 
others to effectively nodulate soybeans grown in high-
nitrogen soils. In replicate tests, seven of nine rhizobial 
strains studied brought about signifi cant increases in yields 
in a low-nitrogen soil. With 100 pounds N per acre applied 
before planting, only four of the nine rhizobial strains caused 
signifi cant increases in yield over the noninoculated controls 
grown at the same nitrogen level. The indications are that 
soil-nitrogen level should defi nitely be considered in the 
screening program for selection of soybean strains.
 “Growth Regulators and Nodulation: Most soybean 
growers today are interested in seed rather than forage. 
Varieties and cultural practices are selected on the basis of 
bushels of combinable beans produced per acre. When the 
desired effects are not achieved completely by plant breeding 
and cultural practices, plant growth regulators are employed. 
Although it has not yet been cleared by FDA, one of the 
most promising of these is 2, 3, 5, triiodobenzoic acid known 
as TIBA. Anderson and co-workers at Iowa State University 
have reported increases of 10% or more in yields as a result 
of spraying soybeans with as little as 1 ounce of TIBA 
per acre during the early blossom period. TIBA increased 
branching, shortened leaf petioles, increased fruit set, and 
decreased lodging. In essence, TIBA tended to produce 
a shorter, more compact plant with equal or improved 
photosynthetic capacity.
 “Morphological changes of the magnitude produced by 
TIBA conceivably could alter the rhizobia-plant relationship. 
Tests were made in 1965 by Nitragin scientists to study 
this possibility. (Photograph shows fi eld-grown soybeans 
with and without the TIBA treatment.) The TIBA treatment 
had no adverse effect on nodulation. The shorter, compact 
plants were abundantly nodulated; yields of TIBA treated 

plants were signifi cantly increased by inoculation. However, 
there was an indication that the longer fruiting period and 
increased number of pods brought about by TIBA caused a 
greater demand for nodule nitrogen. Nitrogen, 100 pounds N 
as ammonium nitrate, applied during mid-August improved 
yields signifi cantly. Possibly the application of nitrogen 
fertilizer would not have been necessary if rhizobial strains 
had been selected for their ability to provide nodule nitrogen 
during the late fruiting period. Rhizobial strains are known to 
vary in this respect.
 “Practices Must Be Sound: Many facets in the screening 
and selecting of rhizobial strains have been described. 
Highly effective strains for particular varieties and conditions 
must be supplied. Further, the rhizobial strains must be able 
to compete with the native soil rhizobia and effectively 
nodulate their host. Screening for effi ciency, acceptability 
by the host, competitive qualities, etc., are of little avail, 
however, without sound inoculation practices. Unfortunately, 
the emphasis during recent years has been on making 
inoculation easy rather than effective.
 “Field studies conducted by the Nitragin Co. the past 
3 years show conclusively that from 200,000 to 1,000,000 
rhizobia are needed per seed to bring about effective 
nodulation even when soybeans have not been grown 
previously in the fi eld. The indications are that many more 
will be needed to insure nodulation by seed-applied rhizobia 
of soybeans planted in soils naturally infested with soybean 
rhizobia.
 “Many of the practices currently being employed in 
inoculating soybeans would not be at all acceptable by the 
farmer were it not for the fact that his soil harbors suffi cient 
rhizobia to bring about reasonably abundant nodulation. 
Inoculation of soybeans for many weeks or even months 
in advance of planting is not practical from a scientifi c 
viewpoint. Rhizobia die rapidly when applied to the seed 
and this is particularly true when liquid or broth cultures are 
used.
 “Prudent inoculation can be a big aid to increasing 
soybean yields and making the crop highly profi table. The 
challenge to the rhizobiologist is to develop the proper 
strains and effective inoculation procedures; the challenge to 
the grower and seedsman is to insist on reliable inoculants 
and reliable inoculation methods.”
 Page 14: Photos show: (1) “Highly effective nodulation 
on soybeans late in August during the heavy fruiting stage.” 
(2) “Typical inoculation of soybeans grown in a soil medium 
high in nitrogen. Nodules tend to be small and scattered. 
They degenerate long before the plant reaches maturity.” 
Address: PhD, Director of Research, the Nitragin Co.

1583. Ham, George; Frederick, Lloyd. 1966. Legume 
inoculation. Soybean Digest. March. p. 21-22.
• Summary: “Legumes speak for themselves if properly 
inoculated. Leguminous plants have the ability to live 
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in mutual cooperation (symbiosis) with certain bacteria 
(rhizobia) which form nodules on their roots. The plant 
furnishes food and a home for the nodule-forming bacteria 
while the bacteria convert the elemental nitrogen, which 
makes up 80% of the air around us, into a form which is 
usable by the host plant in its growth.
 “Well-nodulated legumes are needed for the most 
effi cient crop production. Soils which will produce 80 
bushels of corn without added fertilizer nitrogen can produce 
only about 1,320 pounds (22 bushels) of beans or 2.5 tons of 
alfalfa without nodules or fertilizer. Can fertilizer nitrogen 
do the job of increasing yield? Yes, at a price. Recent work 
by Dr. Weber indicated that 50 pounds of fertilizer nitrogen 
could produce only about 3 bushels of beans. Cost of 
production would be at least $1.50 per bushel. Nodulated 
beans have yielded as much as fertilized beans. Cost of 
production for a 3-bushel increase would be about 50 per 
bushel. A farm which can produce 120 bushels of corn 
effi ciently should also be able to produce 40 bushels of beans 
or 6 tons of alfalfa hay per acre.
 “Is Inoculation Needed? Inoculation of seed with large 
numbers of the most effi cient, live nodule bacteria is one 
of the factors in top management of legume production. 
The cost of inoculation (usually less than 25¢ per acre) is 
cheap in relation to other production costs. The purpose 
of inoculation is to provide leguminous plants with the 
largest possible numbers of live bacteria which are the most 
benefi cial to the particular legume being inoculated.
 “Inoculation should always be practiced when a 
leguminous crop is grown in a fi eld for the fi rst time. This 
would include those areas where soybeans or other legumes 
have never been grown. Table 1 shows an example of the 
increase in soybean seed yield as a result of inoculation 
where the soil contained a low number of nodule bacteria. 
Yield increases of leguminous crops can also be obtained 
where the crop has not been grown in the fi eld for several 
years or where leguminous plants recently grown on the land 
lacked nodulation. A nodulated leguminous crop one year 
does not guarantee that the same crop will be nodulated if 
planted the following year. The factors accounting for the 
loss of legume bacteria from the soil are not completely 
understood, but acidity, high moisture, drought, lack of 
nutrients, and presence of a virus attacking the rhizobia can 
all contribute to the elimination of the bacteria.
 “Today, many fi elds have naturalized rhizobia surviving 
in the soil. We need to know more about why certain strains 
survive and how long they survive. One particular group 
of soybean rhizobia, identifi ed by their reaction with the 
antibodies produced in rabbit blood, has been found in more 
than half of all the nodules taken from noncalcareous fi elds 
in Iowa. Usually, this group both forms nodules readily and 
the nodules fi x nitrogen well.
 A table shows: “Seed yield as affected by inoculation 
of nodule-free Harosoy variety soybean plants in blossom 

stage.” “Suspensions of known serotypes of nodule bacteria 
were watered into the soil around the roots.” When no 
rhizobia were applied, the average soybean yield was 43 
bushels per acre. When rhizobia were applied, the yield was 
increased to 51, 42, and 42 bushels per acre in 3 different 
trials.
 “Are All Legume Bacteria the Same? All strains of 
bacteria do not form nodules on the same host plant. Strains 
of bacteria which form nodules on alfalfa and sweet clover 
do not form nodules on soybeans.
 “The presence of nodules does not mean that plant 
growth is being aided. Some strains can actually be parasitic 
and live in the nodules on the host plant without providing 
any nitrogen to the host plant. Only about 25% of all of the 
nodule bacteria picked up from the soil have been found to 
be highly benefi cial. About 50% were of moderate value 
and 25% were non-benefi cial. Thus, the odds are about three 
to one that benefi cial nodulation and maximum nitrogen 
fi xation will not be obtained unless the best methods of 
inoculation with large populations of superior strains are 
used.
 “How Can Legumes Be Inoculated? Inoculation of seeds 
is based on the premise that rhizobia can be “stuck” on the 
seed and survive until the root has developed to a stage at 
which it can be infected. Most observations suggest that 
infection takes place about 7 to 10 days after germination. 
The root must be receptive and the rhizobia infective for 
proper nodule formation to occur.
 “The odds of getting good nodulation should increase as 
the number of viable effective rhizobia per seed increases. 
We have been surprised at the relatively low numbers of 
rhizobia present on some inoculated seed. Sometimes, 
ineffective strains of rhizobia are found. It should be possible 
to get large numbers of effective strains of viable rhizobia on 
the seed at planting time.
 “An important consideration is the rapid death rate of 
rhizobia when exposed to unfavorable conditions. Rhizobia 
have no special resistant stage, that is, they do not form 
spores. The death rate is logarithmic with time. Very little 
published information is available on methods of modifying 
the death rate of rhizobia. Peat, stickers, additives, etc., can 
provide greater numbers of rhizobia in the inoculum which 
adheres to the seed and they may modify the death rate, 
especially under adverse conditions. Until more is known, 
keeping the time between inoculation and germination 
as short as possible is the best insurance of a large viable 
inoculum.
 “Considerable attention has recently been focused 
on ‘preinoculation.” ‘Preinoculation’ is usually thought, 
of as seed which is inoculated weeks or months before 
planting time. Actually, all methods of inoculation are 
‘preinoculation,’ even if the seed is inoculated immediately 
before planting. The leguminous plant is usually not 
susceptible to nodule formation until 7 to 10 days after the 
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seed has germinated.
 “Leguminous seeds should be planted as soon as 
possible after inoculation. The maximum number of live 
bacteria will be on the seed at inoculation because the 
number of live bacteria decreases with time. The more 
adverse the storage conditions, the greater will be the 
decrease in the number of live bacteria on the seed. Exposure 
of the inoculated seeds to sunlight, high temperatures or 
drying conditions will increase the death rate of the bacteria. 
Available data indicate that peat-base cultures of nodule 
bacteria survive on the seed considerably better than liquid 
or freeze-dried cultures. The best method of inoculation 
is the one which will provide the greatest number of 
effi cient nodule bacteria at the time when the leguminous 
plant is susceptible to nodule formation. New processes of 
inoculation must be approached with caution until their value 
has been proven.
 “Is the Inoculum Any Good? More thorough evaluation 
of all inoculation procedures in quantitative terms is needed. 
Present testing techniques offer a very low standard for 
the inoculum cultures or preinoculated seed to meet. A 
‘satisfactory’ test means that one or more effective rhizobium 
is present in 15 to 30 seeds. Australian authorities require 
a minimum of 100 effective rhizobia per seed at any time 
the inoculum is offered for sale. Iowa law at present has no 
provision for testing inoculants, and no standards have been 
established. Reports on legume inoculants sold in Indiana 
can be obtained from their State Chemist, Lafayette, Ind.
 “In summary, nodulation is an important, economic 
aspect of the production of many legume crops. Inoculation 
can provide assurance, very economically, that the full 
benefi ts of nodulation are received. Care must be taken in 
rhizobial strain selection, methods of inoculation, and proper 
handling and use of inoculated seed. Probably no other 
single process step with seeds offers so much potential and 
yet often eludes our grasp because, (1) our knowledge is 
inadequate, and (2) the limited knowledge available is not 
adequately used.” Address: 1. Associate; 2. Prof. Both: Dep. 
of Agronomy, Iowa State Univ.

1584. Fottrell, P.F. 1966. Dehydrogenase isoenzymes from 
legume root nodules. Nature (London) 210(5032):198-99. 
April 9. [9 ref]
• Summary: During studies of the enzymes in the root 
nodules of three different legume species (including the 
cultivated soybean), multiple forms of lactase dehydrogenase 
were observed when the soluble proteins were separated 
by starch-gel electrophoresis. “The plants–Glycine max, 
Medicago sativa [alfalfa / lucerne] and Trifolium repens 
[white clover]–were grown in quartz and supplied with a 
modifi ed Crone’s nitrogen-free solution and suitable strains 
of nodule bacteria. After 7 weeks the nodules were removed 
and crushed... After electrophoresis, the dehydrogenases 
were located on the gels...” A chart shows dehydrogenase 

zymograms from legume root nodules. The soybean 
had three isoenzymes: lactate dehydrogenase, malate 
dehydrogenase, and glucose 6-phosphate dehydrogenase. 
Address: An Foras Talúntais (Agricultural Institute), 
Johnstown Castle, Wexford, Ireland.

1585. Bernstein, Leon; Ogata, Gen. 1966. Effects of salinity 
on nodulation, nitrogen fi xation, and growth of soybeans and 
alfalfa. Agronomy Journal 58(2):201-03. March/April. [10 
ref]
• Summary: The experiments were conducted “at four levels 
of salinity (0 to 5.4 atm added NaCI) in gravel culture. 
Salinity was more inhibitory to the growth of inoculated Lee 
soybeans than of nitrate-fertilized cultures. Nodulation was 
strongly reduced at 5.4 atm of added NaC1, and the dry-
weight percentage of nodules decreased signifi cantly with 
increasing salinity of the medium. Nodulation of California 
Common alfalfa was only slightly affected by salinity, and 
relative growth inhibition by salinity was the same for the 
nitrogen-fertilized and the nitrogen-fi xing cultures.” Address: 
Plant Physiologist and Soil Scientist.

1586. Nitragin Sales Corporation. 1966. Nitragin soybean 
inoculation gives you dependability and performance you 
can bank on at harvest time! (Ad). Soybean Digest. April. p. 
25.
• Summary:  See next page. This full-page ad begins: “The 
value and reliability of soybean inoculation can only be 
measured in terms of what it does for your crop and yield.” 
“Nitragin inoculant is available for on-farm use, or you 
can have your beans custom-inoculated in advance by the 
exclusive Nitragin / Nitra-Coat process that seals, protects 
and nourishes live bacteria on the seed.” Also: “Nitro-Mo 
for molybdenum soil defi ciency.” A photo shows a smiling 
farmer, wearing a hat, and holding up a “savings account” 
passbook.
 This ad also appeared in the April 1968 issue (p. 25). 
Address: 3101 W. Custer Ave., Milwaukee, Wisconsin 
53209.

1587. Dobereiner, Johanna. 1966. Evaluation of nitrogen 
fi xation in legumes by the regression of total plant nitrogen 
with nodule weight. Nature (London) 210(5038):850-52. 
May 21. [8 ref]
• Summary: On the vertical (Y) axis of the graph is plotted 
the log of total plant nitrogen (mg/pot). On the horizontal (X) 
axis is plotted nodule weight (mg/pot). The result is a straight 
line (the regression line) which intercepts the vertical axis 
near its base. The slope of the line measures the effi ciency 
of nitrogen fi xation. Address: Instituto de Pesquisas e 
Experimentacao, Agropecuarias do Centro Sul, Campo 
Grande, Guanabara, Brazil.

1588. Dobreiner, Johanna. 1966. Evaluation of nitrogen 
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fi xation in legumes by the regression of total plant nitrogen 
with nodule weight. Nature 210(5038):850-52. May 21. [8 
ref]
• Summary: Fig. 1, “Nitrogen fi xation of soybeans,” shows 
a straight line graph. The x axis is nodule weight in mg per 
pot. The y axis is the log of the total plant nitrogen (mg per 
pot). “The greenhouse experiment included two Rhizobium 
strains, two soybean varieties, and three lime treatments. It 
was conducted in a very poor, acid soil mixed with 1 per cent 
of rice straw and fertilized with PK and minor elements.” 
The equation of the graph is given. Address: Instituto de 
Pesquisas e Experimentacao, Agropecuarias do Centro Sul, 
Campo Grande, Guanabara, Brazil.

1589. de Mooy, C.J.; Pesek, John. 1966. Nodulation 
responses of soybeans to added phosphorus, potassium and 
calcium salts. Agronomy Journal 58(3):275-80. May/June. 
[16 ref]
• Summary: “The fi ndings reported in this paper not 
only confi rm the dominant role of P fertility for optimum 
nodulation of soybeans but give a better idea of how high the 
levels need to be and of the number and weight of nodules 
which may be produced under good growing conditions.” 
Address: 1. Research Assoc.; 2. Prof. of Agronomy. Both: 
Dep. of Agronomy, Iowa State Univ., Ames, Iowa.

1590. Holsheimer, J.G.H. 1966. Growing soybeans in the 
Guadalcanal Plains: British Solomon Islands. Soybean 
Digest. June. p. 19-20.
• Summary: “Soybean seed was introduced into the British 
Solomon Islands Protectorate from Africa in 1961. More 
than a hundred varieties from different sources have now 
been planted at least twice in observation plots.”
 “History: Until 1961, the soybean was a crop which 
was almost unknown in the Solomons. Small plots were 
occasionally seen at Mission stations. In 1961, small 
quantities of seeds of 12 varieties were imported from 
Tanganyika, as a rotation crop with rice... In 1962 and 1963 
variety and spacing trials were carried out. Yields varied 
from 1,071 to 2,092 pounds per acre... In 1963 private 
enterprise became interested and interest is increasing. At the 
beginning of 1965 89 varieties from various sources were 
sent to the Solomons by the Commonwealth Scientifi c and 
Industrial Research Organization in Australia... Yields varied 
from 220 to 3,020 pounds per acre.”
 Guadalcanal is one of the largest islands in the British 
Solomon Islands Protectorate. The plains begin east of 
Honiara, the capital. Farmers on Guadalcanal are now 
growing soybean commercially, small quantities have been 
exported, and acreage is increasing. One company plans to 
plant 500–1,000 acres in 1966.
 Photos show: (1) Soybeans growing on Guadalcanal in 
an “observation plot.” (2) A local woman planting soybeans 
in a spacing trial. (3) Soybean roots which have very few 

nodules if planted in virgin soil without inoculant. Address: 
Dep. of Agriculture, Honiara.

1591. Goodchild, D.J.; Bergersen, F.J. 1966. Electron 
microscopy of the infection and subsequent development of 
soybean nodule cells. J. of Bacteriology 92(1):204-13. July. 
[9 ref]
• Summary: “Abstract: Electron microscopy of thin sections 
of the developing central tissue cells of young soybean 
root nodules has shown that infection is initiated by a few 
infection threads which penetrate cells of the young central 
tissue. Extension growth of the threads may be a result of 
pressure developed from the growth of the bacteria within 
the threads. Release of bacteria from a thread is preceded 
by the development on an infection thread of a bulge with a 
cellulose-free membrane-bounded extension; bacteria move 
from this into the host cells by an endocytotic process and 
remain enclosed in an infection vacuole which is bounded 
by a membrane of host-cell origin. Multiplication of the 
intracellular bacteria takes place within these vacuoles. 
Until the host cell becomes fi lled with bacteria, the vacuoles 
separate into discrete units at each division. Later, division of 
the bacteria occurs within each vacuole, thus leading to the 
mature structure of the central tissue cells in which several 
bacteria are enclosed within each membrane-bounded unit.” 
Address: Div. of Plant Industry, Commonwealth Scientifi c 
and Industrial Research Organization [CSIRO], Canberra, 
Australia.

1592. Willatt, S.T. 1966. Soil temperatures under soya beans. 
Rhodesia, Zambia and Malawi J. of Agricultural Research 
4(2):95-105. July. [5 ref]
• Summary: Discusses the effects of temperature on 
inoculation and germination of soya beans grown at 
Marandellas [later renamed Marondera] in 1964/65. In 
February and March, temperatures in unshaded soil were 
high enough to be lethal to rhizobia. However shading 
the plants reduced maximum soil temperatures by up to 
30ºF at one inch depth. Differences in plant size due to 
date of planting had a signifi cant effect on integrated soil 
temperatures.
 In Central Africa, soya beans are usually established in 
November or December after rains have started. “Successful 
growth of most legumes in Central Africa depends on the 
inoculation of the seed with effective strains of rhizobia.” 
Marandellas, is located at latitude 18º south and 5,400 feet 
above sea level.
 “During the rather cool conditions experienced there 
was no evidence of soil temperatures high enough to affect 
adversely the inoculum applied to seed planted in November-
December.” However, the soil temperatures late in the 
season were high enough to cause failure in the inoculation 
of forages crops such as alfalfa/lucerne, which are usually 
planted in March or April.
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 Note: Rhodesia was once divided into North and South. 
Northern Rhodesia gained independence on 24 Oct. 1964 
as the Republic of Zambia. Southern Rhodesia gained 
independence in 1965 as Zimbabwe. Address: A.R.C. Soil 
Productivity Research Team, P.O. Bag 757, Marandellas, 
Rhodesia.

1593. Caldwell, B.E. 1966. Inheritance of a strain-specifi c 
ineffective nodulation in soybeans. Crop Science 6(5):427-
28. Sept/Oct. [13 ref]
• Summary: Reports the fi rst gene conditioning a nodulation 
response in soybeans.
 “Certain strains of Rhizobium japonicum fail to produce 
effective nodules on the soybean variety `Hardee,’... F1, F2, 
and F3 generations of Hardee x normal nodulating varieties 
were used to study the inheritance of the strain-specifi c 
ineffective nodulation of Hardee. Ineffective nodulation was 
found to be conditioned by a single dominant gene, which 
was given the symbol Rj2. Investigation of the parentage of 
Hardee indicated that the source of this gene was the parent 
`CNS.’” Address: Research Agronomist, Crops Research 
Division, ARS, USDA, Beltsville, Maryland.

1594. Caldwell, B.E.; Hinson, Kuell; Johnson, H.W. 1966. A 
strain-specifi c ineffective nodulation reaction in the soybean 
Glycine max L. Merrill. Crop Science 6(5):495-96. Sept/Oct.
• Summary: “In our Rhizobium strain evaluation program 
in the greenhouse at Beltsville and in Rhizobium japonicum 
free soil in Florida, ‘Hardee’ soybeans,... inoculated with 
R. japonicum strains of the 3-24-44 and 122 serogroups 
(3) yielded the same as the uninoculated checks. The root 
systems of plants inoculated with these strains of bacteria 
were poorly nodulated. Hardee plants inoculated with other 
R. japonicum strains were normally nodulated.”
 Photos show: (1) Comparison of plant growth of Hardee 
inoculated with a strain of the 3-24-44 serogroup (A), a 
strain of the 122 serogroup (B), and a symbiotically effective 
strain (C).
 (2) Root comparison of 3-24-44 type ineffectiveness 
(A), 122 type ineffectiveness (B), and normally nodulated 
plant (C).
 (3) Reciprocal grafts of Hardee (ineffective parent) 
and Lee (normal parent). L/L–Lee scion and Lee stock, 
H/H–Hardee scion and Hardee stock. L/H–Lee scion and 
Hardee stock, H/L–Hardee scion and Lee stock. Address: 
1. Agronomist, Crops Research Division, ARS, USDA, 
Beltsville, Maryland.

1595. Howell, Robert W. 1966. What are the soybean 
research needs? Soybean Digest. Sept. p. 59-62.
• Summary: Contents: Introduction. New research positions. 
Roots a disadvantage. Brown stem rot serious. Not insect-
free (“We can no longer boast that soybeans are an insect-
free crop, as we did a few years ago.” Also, there are many 

benefi cial insects). Oil, protein components.
 This long article begins: “A discussion of needs 
for soybean research may begin with a consideration of 
where we now stand. There are the equivalent of about 35 
professional scientists supported on Agricultural Research 
Service funds for research related to soybean production. 
They are engaged in programs relating to breeding and 
genetics, diseases, physiology, weed and nematode control, 
soil and water problems, and entomology. Several of these 
positions are in state or private agencies supported on 
contracts or other extra-mural arrangements by federal funds. 
In addition, the various state experiment stations have about 
25 professionals on soybean production research. Minnesota 
probably has the largest number of state-supported positions. 
Several states, however, have signifi cant state-supported 
programs, although in most states the number of people 
available is very inadequate to the task.
 “New Research Positions: We have established several 
new positions with funds recently assigned for soybean 
research. There are new agronomist positions at Purdue 
University, Lafayette, Indiana, and at Stoneville, Mississippi, 
and a pathologist at the University of Missouri. At Urbana, 
Illinois, a third physiology position, two positions for weed 
control in soybeans, and one on nematology have been 
established. A second entomology position, specifi cally for 
work on soybeans, was established at Columbia, Missouri, 
and the fi rst entomologist there has been able to devote 
more time to the study of insects in soybeans. As these new 
positions become fully productive, they will, of course, make 
important contributions to the soybean research program.
 “Consideration of present research needs must give 
proper weight to recent and anticipated staff increases. One 
way of stating our needs is to say that we need people. The 
research progress which we make depends very defi nitely 
on how many people we have. The availability of funds is 
a necessary prerequisite, but recruiting competent scientists 
at the present time is a diffi cult task. There is defi nitely a 
seller’s market for scientifi c talent and any competent young 
scientist can expect to have a number of job opportunities. 
We are, of course, confi dent that we can hold our own in the 
recruiting competition since the facilities we offer and the 
support available are competitive and we have the advantage 
of the glamour of the soybean. The American Soybean 
Association is to be commended for its efforts to support 
graduate student programs, and I hope you are able to 
enhance this support. A very important aspect of the support 
we provide to universities is the help this gives to students.
 “I would also be remiss if I failed to note a closely 
related activity which needs additional emphasis. This is 
extension, or transmittal of the results of research to the 
farmer. There is a large gap in this respect at present. We 
need more extension people on soybeans, so that the lines of 
communication from researcher to farmer and from farmer 
to researcher will become more effi cient. We know that in 
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the northern states there is generally an advantage for closer 
rows, that one should use the best adapted disease-resistant 
varieties, good quality seed, select a good planting date, 
practice good weed control, and that there must be adequate 
fertility and moisture. We need continuing demonstrations 
and tests along these lines as new varieties and new 
technology appear. The role of extension has not received 
adequate emphasis.
 “This afternoon you will hear a panel including John 
Reiser, for 2 consecutive years the winner of the 5-acre yield 
contest in Illinois, the last time with a yield of more than 82 
bushels. This spectacular yield, more than three times the 
state average, was made with one of our newest varieties, 
Wayne, and illustrates that the genetic potential of soybean 
varieties is very high relative to average yields. The question 
of the moment is how did he do it. Maybe we will learn this 
afternoon.
 “Our research problems are easy to defi ne in a broad 
sense. The need for increased soybean yields is by any 
standard the greatest problem facing soybean researchers and 
others in the industry. Higher yields are needed to protect 
and enhance the position of soybeans as a commodity for the 
producer, and on a global scale higher yields are needed to 
make a greater contribution to the world’s needs for food and 
protein.
 “We need new means of increasing genetic variability 
or of increasing the effectiveness of the present techniques 
available to our plant breeders. You cannot ‘breed in’ a 
quality that you do not have. Present-day commercial 
soybean varieties are derived from a very small fraction of 
the world’s soybean germ plasm. The germ plasm in our 
collection is an important reservoir of assets to be used 
when needed, as has been demonstrated in the development 
of disease- and nematode-resistant varieties. But we need 
additional germ plasm collection in areas of the world such 
as China, in order to increase the genetic diversity available 
to the breeder. Our breeders and geneticists are more aware 
of the need for genetic diversity than anyone else. They 
give continuous thought to improving research techniques, 
in order to make the best use of available material. But it is 
much harder to identify the subtle qualities which contribute 
to yield and other quantitative characters than those which 
represent conspicuous properties. We should extend our 
traditional statistical breeding and genetics research into new 
areas of biochemical genetics, which are being opened up in 
microorganisms, and which may provide important avenues 
of advance. This area encompasses some of the most basic 
questions of biology and yet may hold the key to the most 
practical problems of the farmer, namely, how to get higher 
yields. Similar principles relate to the plant and its supply 
of nutrients and water. The old cliché that soybeans do not 
respond to fertilizer is tiresome, indeed. It related mainly 
to nitrogen. We need additional research on the soybean-
bacteria system responsible for nitrogen fi xation. Many 

other nutrient elements are also involved in the growth of the 
soybean plant, and we must fi nd ways to stimulate soybean 
production through proper manipulation of the water and soil 
environment.
 “Water is in a class by itself and in my opinion is the 
single most important factor in crop production. Excellent 
studies here in Iowa and in Illinois have shown the 
importance of moisture conditions during seed development. 
It is thus clear that water relations constitute an important 
key to high yields. Yet, we have only a limited ability 
to recommend measures for conserving or adding water 
to insure high yields. The entire area of water relations, 
including time and rate of supply, methods of reducing water 
needs, energetics of water uptake, all represent areas where 
research is needed.
 “Available moisture directly affects photosynthesis, 
the very fi rst step in the chemistry of crop production. 
Photosynthesis decreases sharply with mild leaf water 
defi cits–before any wilting appears. Photosynthesis is a 
reaction involving sunlight, so we need to know about 
the infl uence of leaf movement, shape, and orientation on 
photosynthesis, the infl uence of soybean canopies on light 
penetration and air movement, and whether there are genetic 
differences in these qualities...”
 A small portrait photo shows Robert W. Howell. 
Address: Chief, Oilseed and Industrial Crops Research 
Branch, Crops Research Div., ARS, USDA, Beltsville, 
Maryland.

1596. Mitchell, Roger L. 1966. What is this plant called 
soybean? Soybean Digest. Sept. p. 32-34.
• Summary: “The soybean (Glycine max) can be described 
in many ways. Economically, it is the Cinderella crop of the 
20th century. Historically, it dates back to the antiquity of 
Asian civilization. Botanically, the soybean is a taprooted, 
summer annual legume grown for its edible seed. The unique 
growth habits and environmental responses of this plant and 
its greatly expanded economic importance require that we 
cease to handle it as if it were another fi eld of corn or cotton. 
Our task is to understand the soybean plant more thoroughly 
as a basis for improved management practices and increased 
yields.
 “The Root: Let us look fi rst at the hidden, seldom 
observed characteristics of the plant that occur underground. 
The soybean forms a taproot which most commonly grows 
straight downward. Little branching occurs in the fi rst 2 to 3 
inches of the root-hypocotyl region beneath the soil surface. 
As branch roots grow out from the main taproot, they occur 
at regular 90-degree points around the root circumference. 
However, as these branches continue to expand, they appear 
to grow in all directions.
 “Although the soybean is taprooted, its rooting depth is 
shallow if compared to legumes like alfalfa or sweetclover. 
It may penetrate to depths of 5 feet, but moisture extraction 
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appears minimal below 3 to 4 feet, while corn may use 
considerable water from depths of 5 feet and more. Yet the 
soybean has a well-deserved reputation for being rather 
drouth tolerant. Why? Partly because of its rooting depth, but 
more because of its fl owering habit, which will be discussed 
later.
 “The soybean, like other legumes, is capable of hosting 
bacterial colonies in nodules on its roots. These bacteria fi x 
nitrogen from the air in the form plants can use and, while 
this is agreed to be benefi cial, nodulation processes have 
caused many questions to be raised about the soybean’s 
nitrogen nutrition.
 “The nodules consist of root tissue which has become 
modifi ed after invasion by the bacteria. Nodules may 
appear within 8 to 10 days of planting and begin nitrogen 
fi xation about 2 weeks later. There is not full agreement 
among researchers as to how long the nodules are active. 
Some reports suggest they function until the seed is ripe, 
but detailed recent work suggests nitrogen fi xation cuts off 
sharply as pod set begins.
 “The soybean has a high nitrogen requirement. A 
40-bushel crop of grain with 6.5% nitrogen would contain 
156 pounds of nitrogen [per acre]. One technique for 
studying how much nitrogen a soybean plant might use, if it 
fi xed none itself, has been to develop a nonnodulating line 
and fertilize it with nitrogen. A second method has been to 
tie up the nitrogen in the soil with corn cobs and then supply 
nitrogen from fertilizer. From such studies it has been shown 
that more than 3 pounds of fertilizer nitrogen are required to 
substitute for 1 pound of nodule nitrogen. Further, no way 
has been discovered for substituting commercial nitrogen for 
nodule nitrogen. If nitrogen is added as fertilizer, the nodules 
fi x less nitrogen.
 “Since direct fertilization with nitrogen does not appear 
to be useful, current studies are being conducted to fi nd 
more effi cient strains of bacteria for use in inoculation. More 
effi cient strains are now known, but they do not ‘win the 
race’ to infect the root and form the nodule. The race is won 
most of the time by older, less effi cient strains already in the 
soil.
 “The soybean’s response to changing supplies of 
phosphorus and potassium is not fully understood. It is noted 
that soybean plants absorb large amounts of N, P and K 
during the growing season. In producing a 40-bushel crop 
of beans, the plants will accumulate more N and about the 
same P and K as a 120-bushel yield of corn. And more of the 
N and K will be removed in the grain. However, repeated 
experimentation and fi eld experience have shown soybean 
fertilization needs to be different from corn. The following 
four factors contribute to this differential:
 “1–There are many more nutrients in the bean seed 
than the corn seed: four times as much N, two times as 
much P, six times as much K. A soybean seed will weigh 
approximately one-half as much as the average corn kernel 

so each young soybean plant has two times the N, equal P, 
and three times the K as a young corn plant. In addition, we 
plant four to fi ve times as many soybean seeds per acre and 
do not expect each plant to increase in weight as rapidly as 
we do each corn plant.
 “2–Soybeans appear to be more capable of absorbing 
nutrients, especially P and K, from the soil they contact than 
does corn.
 “3–The rhizobia in the nodules supply the soybean’s 
nitrogen needs. Applications of nitrogen fertilizer do 
not increase yields of well-inoculated plants; in fact, N 
fertilization merely reduces the effectiveness of the nodules.
 “4–Recent studies have shown that the well-nodulated 
plant has a less branched root system than a poorly nodulated 
plant. Possibly broadcast or shallowly applied fertilizer is 
less available to such a root system.
 “Soybeans do respond to direct fertilization with P 
and K on soils testing low or very low in these elements, 
but returns on medium fertility or higher soils have been 
generally considered unprofi table to date.
 “Top Growth: The seed divides easily into two halves 
(cotyledons) which are covered by a leathery textured 
seedcoat. Between the cotyledons and attached to them 
near one end is the embryo. The cotyledons (seed leaves) 
contain the food reserve which nourishes the seedling plant. 
The hypocotyl, a stemlike structure beneath the cotyledons, 
pushes the cotyledons and the plumule (growing point) 
above the soil surface 4 to 7 days after planting. Once it has 
done this, the hypocotyl ceases to grow.
 “The cotyledons serve to nourish the seedling for about 
the fi rst 2 weeks of its life (1 week of emergence and 1 more 
week after emergence). During this time the cotyledons lose 
about 70% of their dry weight. Loss of one cotyledon at any 
time during this period or loss of both cotyledons a week 
after emergence has little effect on the young plant’s growth 
rate. However, the loss of both cotyledons at emergence or 
shortly thereafter may cut yields 8% to 9%. The cotyledons 
make a small, apparently insignifi cant contribution to 
photosynthesis.
 “The stem serves the structural function of supporting 
the leaves and contains the transportation (trans-location) 
system of the plant. A tawny or grey-colored pubescence 
(hair-like structures) is present on most commercial varieties. 
This is a desirable trait and contributes to insect resistance, 
primarily against thrips and leaf hoppers.
 “Nodes divide the stem into inter-nodes with branches 
arising at the nodes. Length of the internode (and, therefore, 
height of the plant) is controlled genetically but modifi ed by 
light, water and other environmental conditions in the fi eld. 
When less light reaches the base of the plant (as in more 
thickly populated fi elds) less growth hormone is destroyed 
and the plant grows taller.
 “Leaf: Fifty to sixty days after emergence, the soybean 
has developed a leaf area index of 3 to 4 (3 to 4 acres of 
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leaves per acre of land). This quantity of leaves is similar to 
that developed by corn, but they are distributed vertically 
over approximately one-half the distance of corn leaves.
 “Leaves of soybeans can use about one-fourth of the 
sunlight available on a bright summer day. With 10,000 
footcandles available, an individual leaf uses 2,500 
footcandles. The fi rst 500 are used to maintain the leaf, the 
remainder produces materials for other processes. All the 
leaves of the soybean plant form a canopy; the size, shape, 
orientation, and position of the leaves within this canopy 
are important factors in determining the amount of potential 
photosynthesis in the crop. In contrast to corn, the leaves 
of soybeans are rather close together and parallel with the 
ground surface. One leaf shades the next to the extent that 
light in a soybean fi eld may only penetrate 1 foot whereas 
in corn it may penetrate 3 to 4 feet. One current research 
objective of both soybean breeders and physiologists is to 
improve penetration of light into the individual plant, but to 
reduce the light that penetrates between plants and strikes the 
soil.
 “Two recent modifi cations have been made to soybean 
plants to improve their pattern of light interception. One is 
represented by the effect TIBA has on the canopy shape. A 
conical canopy is caused by a mild stimulation of branching 
at lower nodes and less branching at the top of the plant. 
This seems to increase the light penetration into the plant 
and provides more surface leaf area to intercept sunlight” 
(Continued). Address: Prof. of Agronomy, Iowa State Univ., 
Ames.

1597. Blair, I.D.; Tan, C.F.; Palmer, T.P. 1966. Soya bean 
trials in Canterbury. New Zealand J. of Agricultural Research 
9(4):894-908. Nov. [19 ref]
• Summary: Begins with a summary of reports of soybean 
trials in New Zealand published from 1914 to 1939. The 
yields were not encouraging. A number of trials were 
conducted in Canterbury and other areas from 1958-1966. 
The yields of these improved varieties were more promising, 
but inoculation was a problem. Address: 1-2. Lincoln 
College, Canterbury, New Zealand; Crop Research Div., 
Dep. of Scientifi c and Industrial Research, Private Bag, 
Christchurch, New Zealand.

1598. Bergersen, F.J. 1966. Some properties of nitrogen-
fi xing breis prepared from soybean root nodules. Biochimica 
et Biophysica Acta (BBA)–General Subjects 130(2):304-12. 
Dec. 28. [9 ref]
• Summary: “Summary: The preparation of nitrogen-fi xing 
breis from soybean root nodules is described. Breis prepared 
in air and then rapidly placed in anaerobic conditions 
fi xed only one-third as much nitrogen as breis prepared 
from nodules which had been equilibrated in argon for 
10 min. Breis prepared and stored under argon lost only 
one-third of their activity after 1 hour. Nitrogen fi xation 

required O2 in the gas phase but with PO2, in excess of 2%, 
increased fi xation was accompanied by an increased rate 
of decay of the system.” Address: Div. of Plant Industry, 
CSIRO [Commonwealth Scientifi c and Industrial Research 
Organization], Canberra, Australia.

1599. Caviness, C.E. 1966. Nodulation of soybeans 
following rice. Arkansas Farm Research 15(6):12. Nov/Dec.
• Summary: This article begins: “When properly nodulated, 
soybean roots may derive much of the nitrogen needed by 
the plant through fi xation of atmospheric nitrogen. The 
bacteria (Rhizobia sp.) in the nodules convert nitrogen from 
the air into a form usable by the plant. Recent research at 
Iowa State University indicates that under ideal conditions 
modulating bacteria may supply the equivalent of about 
110 pounds of fertiliser nitrogen per acre to the plants.” 
Address: Assoc. Agronomist, Arkansas Agric. Exp. Station, 
Fayetteville.

1600. Jones, U.S. 1966. Key U.S. scientists tell how to profi t 
with soybeans: soybean yield potential for the Southeast. 
Plant Food Review 12(4):17. Winter.
• Summary: “What can the southeastern farmer do to grow 
more soybeans and take advantage of the rapidly growing 
market?
 “First, select the right soil and prepare it well.
 “Second, maintain high soil fertility levels. Test soil and 
add amounts of lime and fertilizer needed. Soybeans grow 
best on soils with a pH of 6.0-6.5 and above. Inoculate seed 
with nitrogen-fi xing bacteria just before planting.
 “Third, plant the right variety at the right time. Soybean 
varieties are adapted to rather narrow geographic belts 
running east and west. They also have a rather narrow range 
of planting dates for optimum yield per acre. Use certifi ed 
seed.
 “Fourth, control weeds, insects and diseases.
 “Fifth, harvest all you make. Adjust the combine to 
reduce shatter and cutter bar losses. Adjust combine cleaning 
mechanism. Plant two or more varieties of different maturity 
dates to lengthen the harvesting and marketing season.
 “Sixth, store and market soybeans wisely. Control 
moisture in storage. Sell on a grade basis.
 “Finally, because the potential for southeastern soybean 
yield per acre is about double the present average yield, 
there is a bright future for soybean production, marketing, 
and processing in southeastern USA.” Address: PhD, Head, 
Agronomy and Soils Dep., Clemson Univ., Clemson, SC.

1601. Koch, Burton; Evans, H.J. 1966. Reduction of 
acetylene to ethylene by soybean root nodules. Plant 
Physiology 41(12):1748-50. Dec. [8 ref]
• Summary: It “has been fi rmly established (1) that excised 
soybean nodules fi x atmospheric nitrogen for a period of 
about 2 hours. The rate of fi xation is greatly reduced in 
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sliced nodules, and fi xation is virtually lost when nodules 
are crushed.” Address: Dep. of Botany, Oregon State Univ., 
Corvallis, Oregon 97331.

1602. Ohlrogge, A.J. 1966. Mineral nutrition of soybeans. 
Plant Food Review 12(4):6-7. Winter.
• Summary: Contents: Introduction. Composition of 
soybeans. Nutrient supply important. Nutrient requirements 
exacting. Micronutrients are really micro. Nitrogen from soil 
and air. Plant analysis will bring understanding.
 “Nitrogen From Soil and Air: Good inoculation 
promotes nitrogen fi xation from the atmosphere by the 
legume bacteria. These bacteria cannot do the whole job 
at the 40- to 60-bushel yield level. At the 20-bushel level 
they can do the job alone and that is why soybeans grow on 
exhausted soils.
 “At the 40- to 60-bushel level, however, most research 
workers agree that from one-third to as much as one-half of 
the nitrogen in the plant comes from the soil in the form of 
nitrates and ammonium ions. A lot of this nitrogen is taken 
up during the last month of the growing season when the 
seeds are fi lling. The seeds contain approximately six per 
cent and more of nitrogen.
 “The conclusion from these facts would seem to indicate 
that nitrogen fertilization of soybeans ought to be a profi table 
practice, but it is not. The research agronomist has not found 
out how to supply the extra nitrogen without inactivating in 
part the rhizobium nitrogen-fi xing bacteria. These are lazy. 
They just do not like to fi x nitrogen if there is nitrogen in the 
soil for the plant to adsorb.”
 Tables show: (1) Approximate composition of a 
50-bushel per acre soybean crop. Total weight is 7,000 
pounds dry matter per acre including roots.” The eight main 
elements are carbon (3,100 lbs per acre), oxygen (2,900 lbs 
per acre), hydrogen (400 lbs per acre), nitrogen (280 lbs per 
acre), potassium (90 lbs per acre), calcium (70 lbs per acre), 
magnesium (30 lbs per acre), and phosphorus (30 lbs per 
acre).
 (2) “Nutrient content of roots, straw and grain [seed] of 
a 50 bu/acre soybean crop.” 68% of the nitrogen goes into 
the grain but only 37.1% of the total dry matter is grain.
 A small portrait photo shows Dr. Ohlrogge. Address: 
PhD, Prof. of Agronomy, Purdue Univ., Lafayette, Indiana.

1603. Robertson, Lynn S. 1966. Key U.S. scientists tell how 
to profi t with soybeans: fertilizer pays on soybeans. Plant 
Food Review 12(4):17. Winter.
• Summary: “Soybeans have a high nutrient requirement. 
Because of this, it pays to use commercial fertilizer on 
soybeans. This has been proven in many fi eld experiments. 
This also has been proven by many farmers who have tried 
growing soybeans with and without fertilizer. Most farmers 
can expect to obtain a profi t from the proper use of the right 
kind of commercial fertilizer.

 “Today, ineffi cient farmers are going out of business, 
The effi cient ones are making money by producing higher 
yields. For soybeans, this means 35 to 40 or even more 
bushels per acre. Without fertilizer, this is diffi cult, if not 
impossible.
 “On the average, soybeans require very little, if any 
fertilizer nitrogen simply because they are legumes and have 
the ability to obtain nitrogen from the soil air. In the northern 
states, research has shown that the use of up to 40 pounds of 
nitrogen, where soybeans are grown in a cash crop rotation, 
will signifi cantly increase the soybean yields.
 “In summary, if you set the stage properly by controlling 
soil erosion, weeds, insects, diseases, and so on, and if you 
test your soils so that you know what nutrients are required 
for your soybean crop, you will obtain higher soybean yields 
through the use of commercial fertilizer. You will also make 
more profi t.” Address: PhD, Prof. of Soil Science, Michigan 
State Univ., East Lansing.

1604. Weber, C.R. 1966. Status of soybean nodules. Plant 
Food Review 12(4):14-15. Winter.
• Summary: Contents: Introduction. Value of fi xation. Good 
nodulation essential.
 “Soybean nodules contain millions of bacteria, 
Rhizobium japonicum. These enter the plant tissue through 
root hairs and work with the plant through a process called 
symbiosis (plant and bacteria working mutually together). 
The bacteria convert nitrogen from air into a form usable by 
plants, and the plant, in turn, supplies sugars to the bacteria.
 “Activity of these nitrogen-fi xing bacterial increases 
from the seedling growth stage through late bloom to early 
pod set then decrease to near zero at green bean stage of 
growth.
 “Numerous strains of R. japonicum have been isolated 
and indications are that there is a bacteria-soybean variety 
specifi city for infectiveness and effectiveness. Also, 
soil type, soil acidity, organic matter, various nutrient 
elements, microorganisms, etc. infl uence strains of R. 
japonicum. It appears possible to breed soybeans for greater 
productiveness through increased specifi city of superior 
nodule serotypes.
 “Value of Fixation: Research during 10 years in Iowa 
gives some measure of the value of nodulated soybeans 
(those with nodules) as compared with nonnodulated 
soybeans (those without nodules). These are referred to 
as nodulating (nod) and nonnodulating (nonnod) varieties 
throughout this article. Four maturity pairs of nod and non-
nod soybean lines were tested for three years at locations 
representing six major soil types in Iowa. The rotation 
used was corn-soybean-oat-meadow. Neither inoculation 
nor nitrogen was applied to the soybeans. The four pairs of 
responded similarly on the various soil types and the yield 
difference averaged 10.5 bushels per acre as shown in Table 
1. Only when drouth interfered was there no yield difference 
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in favor of the nod lines, as shown in Table 2.
 Results in fi gure 1 illustrate how nitrogen fi xation in 
nod lines decreased linearly as nitrogen fertilizer increased. 
Except for a severe moisture stress, as seen in Table 1, the 
nonnod line (Table 2) responded linearly to applied nitrogen 
with 3.2 pounds of fertilizer nitrogen equivalent to one 
pound of plant nitrogen per acre.
 “Although not shown in the tables, nodule weight, 
number, and size are related positively to increased nitrogen 
fi xation. Nodule mass is associated closely with nitrogen 
fi xation.
 “Residual effects for the nod and non-nod lines grown 
in rotation and continuously at the zero level of applied 
nitrogen indicated that the nonnod line following the 
nod line accumulated 92 pounds per acre of nitrogen as 
compared with 59 pounds per ace of nitrogen when grown 
continuously. This presents a recovery from the preceding 
nod soybean crop of 33 pounds per acre of nitrogen, 
equivalent to recovery from a fertilizer application of 106 
pounds of 106 pounds of nitrogen per acre.
 “Further, summarizing both Tables 1 and 2, indications 
are that well-nodulated soybeans as compared to non-
nodulated soybeans:
 “+ do not need nitrogen fertilization
 “+ supply 40 per cent of the soybean’s nitrogen needs 
and even more under conditions of low soil nitrogen and 
adequate moisture.
 “+ supply nitrogen equivalent to an application of 174 
pounds nitrogen per acre.
 “+ supply less of the soybean plant’s nitrogen as soil 
nitrogen increases.
 “+ supply less of the soybean plant’s nitrogen as 
available water decreases.
 “+ increase soybean yields 10.5 bushels (41 per cent) 
per acre.
 + have 25 per cent larger seed.”
 Contains 2 tables and 1 fi gure (a graph).
 A small portrait photo shows C.R. Weber. Address: 
Agronomist (Soybean Breeder), Crops Research Div., 
USDA, Prof. of Agronomy, Iowa State Univ., Ames.

1605. Dzhumalieva, D. 1966. The effect of fertilizers and 
of sorghum/soybean ratio in mixed cropping on the growth 
and chemical composition of their roots. Pochvoznanie i 
Agrokhimiya (Soil Sciences and Agricultural Chemistry) 
1(2):195-204. *
• Summary: An abstract of this article is found in Field Crop 
Abstracts, 20(1966).

1606. Jackson, Earl K. 1966. Propionate metabolism and 
its relationship to leghemoglobin biosynthesis in soybean 
nodules. PhD thesis, Dep. of Botany & Plant Pathology, 
Oregon State University. 77 p. *
Address: Oregon State Univ., Corvallis, Oregon.

1607. Van Der Drift, C.; Vogels, G.D. 1966. Allantoin and 
allantoate in higher plants. Acta Botanica Neerlandica 
15(1):209-14. [12 ref]*
Address: Lab. Biochem., Nijmegen, Netherlands.

1608. Dobereiner, Johanna; Arruda, N.B. de; Penteado, 
A.F. 1966. Especifi cidade hospedeira, em variedades de 
soja, na simbiose com Rhizobium. [Host specifi city in 
soybean varieties, in symbiosis with Rhizobium]. Pesquisa 
Agropecuaria Brasileira 1:207-10. [7 ref]
• Summary: “In two fi eld experiments including 25 soybean 
varieties inoculated with a mixed peat inoculant capacity for 
an effi cient symbiosis with Rhizobium was evaluated by the 
nodule weight.
 “There were found highly signifi cant differences 
between varieties and interaction between locations and 
varieties. The varieties with poor nodulation (L-571, Hardee, 
Jackson and L-2006) had equally few nodules at the two 
locations while several other varieties, specially these 
with intermediate nodule weight, varied at the locations. 
Differences in nodule weights where principally due to 
differences in nodule numbers.
 “It was concluded that, in order to obtain highly 
productive soybean varieties which at the same time are 
effi cient in nitrogen fi xation, it is necessary to select them for 
this character as well.” Address: Eng. Agronomo do IPEACS 
e bolsista do Conse... Nacional de Pesquisas.

1609. Stanton, W.R. ed. 1966. Grain legumes in Africa. 
Rome, Italy: Food and Agriculture Organization of the 
United Nations. viii + 183 p. See p. 10-12, 99-105. Illust. 
Subject index. Author index. 23 cm. [7 soy ref]
• Summary: Contents of the section on Glycine max: 
Introduction. Origin. Breeding and selection. Physiology and 
development. Pests. Diseases. Place in the cultural system. 
Soil requirements. Soil preparation. Fertilizer. Rhizobia. 
Planting. Cultivation. Harvesting. Storage. Future prospects.
 Contains chapters by Joyce Doughty and R. Orraca-
Tetteh, and W. Steele. “Further, there may have been 
many attempts, dating from the early part of this century, 
at introduction and preparation as human food, including 
soybean bread (an early reference to the Gold Coast: 
Tropical Life, 1929).” Footnote 14 (p. 99): (1) OFC Trials, 
Tanganyika 1948-49; East Africa 1955; Angola 1936; van 
den Abeele & Vanderput 1956; INEAC reports 1960. INEAC 
is the Institut National pour l’Etude Agronomique du Congo, 
active from the 1930s and 1960s.
 Note: The OFC (Overseas Food Corporation) was 
set up under the Overseas Resources Development Act in 
February 1948, for the purpose of producing foodstuffs and 
other agricultural products in British Colonies. It promoted 
mechanized agriculture and was quite active in Tanganyika. 
Its “groundnuts scheme” was seen as a football in domestic 
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politics since its inception.
 “Origin: The soybean is a very ancient cultigen of 
China and Japan and its early development is wrapped in 
obscurity... Cultivars can be divided into those with erect and 
those with reclining stems, but both types can have short or 
long internodes... According to Sapin (1959) cultivars grown 
for seed can be classifi ed according to the length of their 
growth period...”
 “Breeding and selection: Soybeans are adaptable to a 
wide range of climatic conditions, to which cultivars respond 
by considerable changes in growth habit... In the Democratic 
Republic of the Congo (formerly Belgian Congo) selection 
started as early as 1936, mainly with varieties from the 
United States, Indonesia, and Manchuria, and many cultivars 
have been developed... Recommended cultivars for Zambia, 
Copperbelt Province, are H 273, H 237, and Geduld” (p. 
101).
 Note 1. This book is poorly edited. It gives many author/
year citations in text but no corresponding bibliographic 
entry for most!
 Note 2. This is the earliest English-language document 
seen (Aug. 1999) that uses the word “cultivar” (or 
“cultivars”) in connection with soybeans.

1610. Territory of Papua and New Guinea, Department 
of Agriculture, Stock and Fisheries, Annual Report (Port 
Moresby). 1966. Division of Plant Industry. p. 45-128. For 
the years 1964-65. See p. 78, 82, 93, 106, 114.
• Summary: In the section titled “Highlands Agricultural 
Experiment Station, Aiyura” is a subsection on “Soybean 
variety trials (p. 78) which states that trials were planted in 
April 1964 at Aiyura, Gembogl, Goroka, Korn Farm, and 
Wabag, comparing the six varieties which had yielded best 
in observation plots in the localities in 1963. A table shows 
the yield of each variety at the fi rst four sites. The best yields 
were at Korn Farm.
 As part of a pasture research program, three Glycine 
javanica strains were tested at Aiyura (p. 80). Soybean 
research has also been conducted in the past at Epo (p. 82). 
Small soybean variety trials were planted in the Markham 
Valley in May and October 1964 but both failed due to poor 
establishment (p. 93). Growers were supplied with soybean 
inoculum (p. 106).
 A survey of insects on economic plants showed the 
following on soybeans: The polyphagous weevil (Apirocalus 
cornutus) was found in the Markham Valley (Morobe 
District). Dense populations of capsids (Halticus species) 
were recorded at Keravat (Lowlands Agricultural Experiment 
Station, on New Britain island).

1611. Willatt, S.T.; Coker, D.T. 1966. Soil physics. 
Agricultural Research Council of Central Africa: Rhodesia, 
Zambia, Malawi. Annual report. p. 19-21. For the year 1965. 
*

• Summary: Water defi cit in the soil was highest after 
groundnuts, followed by sunfl owers, soybeans, maize, 
and (lastly) potatoes. Thus, groundnuts used the most 
water. Address: A.R.C. Soil Productivity Research Lab., 
Marandellas, Rhodesia.

1612. Damirgi, S.M.; Frederick, L.R.; Anderson, I.C. 1967. 
Serogroups of Rhizobium japonicum in soybean nodules as 
affected by soil types. Agronomy Journal 59(1):10-12. Jan/
Feb. [8 ref]
• Summary: “Employing a rapid agglutination test, 
serogroups of Rhizobium japonicum were distinguished by 
using homogenized nodule suspensions as antigens. Most of 
the nodules obtained from soybeans on Iowa soils were in 
one of four serogroups: 123, 135, 31, and 3. Serogroup 123 
was dominant, averaging 52% in all soils...”
 “The factors which affect the dominance of a serogroup 
in soybean nodules need further evaluation.” Address: 1. 
Dep. of Agronomy, Iowa State Univ.

1613. Koch, B.; Evans, H.; Russell, S. 1967. Reduction of 
acetylene and nitrogen gas by breis and cell-free extracts 
of soybean root nodules. Plant Physiology 42(3):466-68. 
March. [9 ref]
• Summary: “The evidence that cell-free extracts of a 
bacteroid fraction (bacteroids and other particutlates) from 
soybean nodules catalyze the reduction of both acetylene 
and N2 gas and that the reduction of both of these gases is 
dependent upon Na2S2O4 and an ATP generating system is 
considered conclusive. The properties of the enzyme system 
are being investigated.” Address: Dep. of Botany, Oregon 
State Univ., Corvallis, Oregon 97331.

1614. Soybean Digest. 1967. The argument over soy 
inoculation: Agronomists versus farmers. March. p. 14.
• Summary:  “The benefi t of soybean inoculation has 
become something of an issue between agronomists 
and farmers. Studies conducted by Northrup King’s 
microbiologist, Dr. Fred Porter, supports the farmer’s view 
that inoculation is profi table.
 “Agronomists maintain that crop failures resulting 
from a lack of bacteria are unheard of; one can hardly 
grow nodule-free soybeans in the fi eld. Consequently, they 
conclude that inoculation can’t be justifi ed.
 “The farmer does not share this view. In 1964, farmers 
inoculated some 17% million bushels of soybeans on their 
own farms and had another 2 million bushels inoculated at 
the elevator. Why should they cling to inoculation? Are they 
tradition-bound, clinging to outdated publications? Are they 
fl ooded with high pressure advertising? Or do they see some 
concrete benefi t. Porter believes they see some benefi t.
 “A few years ago, Porter says, one of his competitors 
planted fi eld strip plots comparing inoculated with 
uninoculated plantings. Results showed yield increases 
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ranging from 2 bushels to 10 bushels an acre–the latter from 
an Illinois farmer who grows soybeans every year. ‘In our 
own prowling through soybean fi elds,’ Porter continued, ‘we 
have noted early nodulation and early vigor in inoculated 
plantings.’
 “Last year Northrup King planted some replicated trials 
to determine the succession of rhizobial serological types 
in a soybean plot. In harvesting signifi cant differences were 
noted in the plants.
 “The table summarizes some of the observations made 
on the plants at harvest. The big difference is in the improved 
yield associated with artifi cial inoculation. Uninoculated seed 
yielded an estimated 34.8 bushels per acre while inoculated 
seed yielded 40.4. The yield increase came about through 
several mechanisms. The inoculated seeds gave better 
emergence. The individual plants from inoculated seed were 
larger. Inoculated beans yielded more pods and more seeds 
per pod than the uninoculated beans. Bigger plants, bigger 
populations, more pods and more beans per pod contributed 
to an increase in bean yield.
 “’At fi rst glance, some of these data may seem 
unreasonable,’ says Porter. Why more beans per pod, for 
example? Preserved plants give a clue. In general, vigorous 
plants give improved seed set. ‘In addition,’ continued 
Porter, ‘we think that the inoculated plants were more mature 
and that they were setting seed in advance of the dry weather 
we experienced. The uninoculated plants seemed less mature 
and may well have been blossoming in the dry spell. Drought 
could well have created some of the difference, although 
drought effect is rooted in the inoculation benefi t. It seems 
doubtful that the uninoculated beans will catch up.’
 “The farmer can also get this kind of comparison and 
yields. However, artifi cial inoculation alone is no guarantee.
 “The farmer must plant quality seed in a good seedbed. 
He must fertilize and control weeds. He must have favorable 

weather and adequate rainfall. Artifi cial inoculation replaces 
none of these. But given good management practices, 
artifi cial inoculation will contribute to profi ts, Porter 
concluded.”
 A photo shows soybean plants growing in two pots: 
“The plants on the left are from uninoculated soybean seed. 
The larger plants on the right were inoculated and gave better 
emergence and produced more pods and more seeds per pod 
in a Northrup King study.
 A table titled “Interim evaluation of soybean seeds from 
rhizobium succession study.” Single strength inoculated 
soybeans are compared with uninoculated soybeans. The 
estimated increase from inoculation was 5.6 bushels. Below 
the data in the table we read: “Data from replicated and 
randomized row plantings made to study succession of 
rhizobial serological types in nodules as a function of plant 
age. These plants are from the second harvest of 10-foot 
rows planted with 100 seeds per row. Row spacing was 30 
inches. Estimated yields in bushels fi gured by converting 
seeds per row to seeds per acre and then converting seed 
count to bushels. We assume 5,600 soybeans per pound.”

1615. Harper, J.C. 1967. Soyabeans (Glycine max (L.) Merr). 
Rhodesia Agricultural Journal 64(2):27-34. March/April. 
[16 ref]
• Summary: Contents: Introduction. Utilisation. Soybeans as 
a human food. Climatic and altitude requirements. Varieties. 
Soil requirements and rotations. Fertilizer requirements 
(and relationship to inoculation). Seed and seed treatment. 
Planting. Management. Chemical weed control. Harvesting: 
For forage, or seed. Yields: Seed, hay, silage. Pests. Diseases. 
Marketing. Economics of production. Analyses (soyabean 
oil meal, expeller or hydraulic process; soyabean forage). 
Acknowledgements. Summary.
 “Rhodesian soyabean production is very small, varying 
from one to two thousand acres with an average yield level 
of between 1.8 and 3 bags (200 lb/bag) of seed per acre. The 
acreage grown for fodder production as distinct from seed 
has varied in the past from about 1,600 to 3,000.
 “Utilization: Soyabeans are used widely [outside of 
Africa] as green shelled beans and dry beans for human 
consumption.” “Soyabean oil is used for shortening and 
margarine manufacture, as a salad oil, in the making of 
candles, core oil, disinfectants, electric insulation, enamels, 
glycerin, insecticides, linoleum, paints, printing inks, soaps 
and many other products.”
 “Depending upon the variety and the locality, time of 
planting will vary from the second half of November to the 
middle of December... There is no control over the marketing 
of soyabeans in this country; the Grain Marketing Board acts 
as a residual buyer. It is commonly accepted that there is 
little profi t in growing the crop until a yield of about 5 bags 
per acre is obtained.” Address: Chief Agronomy Extension 
Offi cer, Dep. of Conservation and Extension, Rhodesia.
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1616. Sidhu, G.S.; Singh, N.; Singh, R. 1967. Symbiotic 
nitrogen fi xation by some summer (kharif) legumes of 
Punjab: 1. Role of leghaemoglobin in nitrogen fi xation. J. 
of Research (Punjab Agricultural University, Ludhiana) 
4(2):244-48. June. [10 ref]
• Summary: Six legumes are discussed; soy is not 
mentioned. Address: 1. Present address: Senior Biochemist, 
CSIRO, Ryde, NSW, Australia.

1617. Bergersen, F.J.; Turner, G.L. 1967. Nitrogen fi xation 
by the bacteroid fraction of breis of soybean root nodules. 
Biochimica et Biophysica Acta 141(3):507-15. Aug. 29. [29 
ref]
• Summary: In this periodical, the writers recently described 
nitrogen-fi xing and hydrogen evolving breis of soybean 
nodules. In this experiment: “Breis of soybean nodules 
prepared under Ar atmospheres were centrifugally separated 
under Ar into the bacteroid fraction, small particles and 
membrane fragments (the membrane fraction) and the 
soluble fraction. All the nitrogen-fi xing and hydrogen-
evolving activity was located in the twice-washed bacteroid 
fraction.” Address: Div. of Plant Industry, Commonwealth 
Scientifi c and Industrial Research Organization [CSIRO], 
Canberra (Australia).

1618. Hinson, Kuell; McPherson, W.K.; Robertson, W.K.; 
et al. 1967. Soybeans in Florida. Florida Agricultural 
Experiment Station, Bulletin No. 716. 121 p. Aug. [4 ref]
• Summary: Contents: Foreword, by John W. Sites. 1. 
History and present status of production, by Kuell Hinson. 
2. Economics and marketing, by W.K. McPherson. 3. Soils 
and soil management, by W.K. Robertson, et al. 4. Varieties, 
by Kuell Hinson and R.L. Smith. 5. Culture, by R.L. Smith 
and Kuell Hinson. 6. Pest control: Insects, by L.C. Kuitert. 
Nematodes, by V.G. Perry. 7. Area recommendations: West 
Florida, by C.E. Hutton. Northcentral Florida, by H.W. 
Lundy. Organic soils, by W.T. Scudder. 8. Feeding soybeans 
and soybean products: Introduction, by T.J. Cunha. Beef 
cattle, by F.S. Baker, Jr. and T.J. Cunha. Dairy cattle, by J.M. 
Wing. Swine, by G.E. Comba. Poultry, by R.H. Harms.
 The history chapter notes (p. 1): “The fi rst written record 
of the plant is contained in books by Emperor Sheng-Nung 
[sic, Shen-Nung], written in 2838 B.C., describing the 
plants of China. Soybeans were fi rst mentioned in United 
States literature in 1804; however, they did not become an 
important cultivated crop in the country until more than a 
century later.
 “Soybeans were grown in experimental plots in Florida 
as early as 1925 and were occasionally grown by farmers 
before 1940. However they were not an established crop in 
any area of the state until the late 1940s. Florida production 
more than doubled from 1960 to 1965 and is expected to 
continue its rapid expansion.”

 Florida production (p. 7-9): “Soybeans were fi rst 
evaluated as a potential forage crop for Florida from 1925 
through 1938. Forage production was generally satisfactory, 
but seed production, to meet local demands for forage 
plantings, was not dependable.” “A signifi cant amount of 
production in Florida occurred only after the Ogden variety 
became available. Most of the 8,000 acres grown in 1949 
[the fi rst year for which statistics are available] were Ogden 
soybeans concentrated in west Florida.” A rapid increase in 
production began when the Jackson variety was released in 
1953. A table (p. 8) shows soybean production in Florida 
yearly from 1949 to 1965. For each year is given: Acres 
planted, acres harvested for beans, total production (1,000 
bushels), average yield per acre, and USA average yield per 
acre.
 Concerning seed treatment (p. 62): Whenever 
germination is less than 85% in Florida, stands of soybeans 
on mineral soils could be improved by treating the seed with 
thiram, chloranil, captan, or other seed-treatment fungicides. 
“Seed planted on organic soils should be treated regardless 
of germination percentage.” However seed treatment should 
never be used on soybeans being planted for the fi rst time in 
new areas because it might interfere with proper rhizobial 
inoculation. In this situation, inoculation with rhizobia 
would generally contribute more to high seed yields than a 
fungicidal seed treatment. Address: Gainesville, Florida.

1619. Small, Howard G., Jr.; Phillips, Dan V.; Falter, John. 
1967. Producing soybeans. North Carolina State College of 
Agriculture, Extension Circular No. 381. 27 p. Aug. Revision 
of 1954 ed.
• Summary: Contents: Practices for Profi t. Rotations (“Two 
or three years of continuous soybeans may lower soil fertility 
and build up problems with nematodes, insects, diseases, and 
weeds”). Lime Needs (“Lime by soil test. Aim for a pH of 
6.0”). Fertilize for Higher Yields (Fertilize on the basis of a 
soil test. “The soil is the main key to higher yields. Soils with 
inadequate phosphate, potash, and lime cannot produce the 
higher yields possible with soybeans”). Varieties (“Choose 
a variety on the basis of its yield, time of harvest, disease 
resistance and seed quality. Plant North Carolina certifi ed 
seed. Three good early varieties are Hill, Dare, and Hood. 
Five good late varieties are Lee, Pickett, Bragg, Jackson and 
Hampton 266). Planting (Use quality seed. Plant in rows for 
maximum yield. Plant 8-10 beans per foot of row. Mulch 
planting or minimum tillage). Weed Control. Harvesting 
(Harvest as soon as bean moisture reaches 13%). Diseases. 
Disease Control Guide. Insect Control. Insect Control Guide. 
Marketing. Seasonal Prices (Peak prices are in May. Lowest 
prices are often at harvest time in Oct.).
 “Practices for Profi t: You can increase your present 
yield by ten or more bushels by adapting the techniques of 
production outlined in this publication for soybeans in North 
Carolina. Increased acres planted plus higher yields per acre 
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mean more net profi t for you.
 “World food demands and increased domestic usage in 
the next fi ve years will put a load on the ability of soybean 
producers to meet production needs. A portion of these needs 
can be met by increasing yields through soil testing, liming, 
and fertilization. Further gain is possible in weed, insect, 
and disease control through use of chemicals, rotation, and 
overall good management. Inoculation, use of certifi ed seed, 
and molybdenum also mean gains.
 “Expanding and improved markets will demand higher 
quality soybeans. Processors and exporters demand high 
quality soybeans. It is to your advantage to produce a 
superior quality soybean free from damage and most of all 
free from foreign material. Soybeans that meet No. 1 grade 
standards shall weigh 56 pounds or more per bushel, have 18 
percent or less moisture, 10 percent or less splits, and have 
not more than 2 percent total damage. Foreign material must 
be 1 percent or less by weight, and the grade must contain 
not more than 1 percent of black, brown, and/or bicolored 
soybeans in yellow or green soybeans. Further, they cannot 
be materially weathered or purple stained if they are to 
meet the No. 1 grade standard. All soybeans are brought on 
a No. 1 basis in North Carolina and soybeans not meeting 
this grade bring somewhat less.” Address: 1. Agronomy 
Extension Specialist; 2. Plant Pathology Extension 
Specialist; 3. Entomology Extension Specialist. All: North 
Carolina State Univ., Raleigh.

1620. Caldwell, Billy E. 1967. Engineering soybean 
varieties. Soybean Digest. Sept. p. 34-35.
• Summary: “Soybean yields have increased about 50% 
since 1930-39. Average production for 1930-39 was 16.1 
bu/a, and from 1957-66, it was 24.1 bu/a. During this period 
more than 50 U.S. and about a dozen Canadian varieties 
were or are about to be released. Yields of 90 bu/a from 
these varieties have been reported. In addition to increasing 
production, there are many cases where these varieties 
have prevented a completed crop failure. For example, 
Phytophthora root-rot resistant lines, released in the Midwest 
and Delta areas, have reduced the hazards of crop losses in 
the areas where the Phytophthora rot organism is present. 
Recently, yellow-seeded varieties, Pickett, Dyer, and Custer, 
resistant to the cyst nematode were released.
 “Neither the production data nor the number of varieties 
released should give anyone the desire to sit back and relax. 
There is much to be accomplished in all facets of soybean 
production. It is imperative that we strive for better-yielding 
varieties.
 “Soybean varietal development takes from 12 to 15 
years, from the time two parents are crossed until the fi nal 
evaluation and release. In this presentation we shall examine 
several major facets of soybean varietal development. We 
shall relate the role of the plant breeder and his co-workers, 
the pathologist, entomologist, and the soil scientist, in 

developing a variety, to that of the architect and contractor in 
building a large complex building.
 “When the plant breeder and associates are assigned 
the task of developing a variety, they do exactly the same 
as anyone constructing a building. They begin to develop 
design criteria. They examine the building site and consider 
the location and physical properties of the soil. Because 
soybeans are sensitive to the length of light and dark periods, 
the area of adaptation is important in choosing the parents. 
With properly chosen parents a variety adapted to the desired 
area can be developed. However, in many cases, one or both 
of the parents are not adapted and an intermediate type may 
have to be developed.
 “Knowledge of the physical properties of the soil is 
again necessary in selecting the proper parents. A fi ne sandy 
soil requires a different plant type from a silty loam. Other 
factors such as nutrient balance–i.e., extremely high or 
low levels of any of the minor or major elements–must be 
examined.
 “In addition to being the anchor and support of the plant, 
the root system performs other vital functions. Some of these 
are:
 “1–Site of nitrogen fi xation. The nodulation bacteria 
Rhizobium japonicum, working symbiotically with the 
plant takes nitrogen from the air and converts (“fi xes”) it 
into a usable form. The amount of nitrogen thus obtained 
is unknown, but estimates as high as 40% are common. 
It may be higher. The amount obtained through nitrogen 
fi xation may vary, depending on the soil and environmental 
conditions. There is the requirement for the addition of lime 
when the soil is too acid.
 “2–Resistance to pests. Organisms in the soil 
antagonistic to the root system must be considered. In many 
areas, incorporation of the resistance to Phytophthora root rot 
is a necessity. Brown stem-rot resistance or cultural methods 
to control the organism must be found. Cyst-nematode-
resistant varieties must be available in areas where this pest 
is a problem. In many cases, a variety must be developed 
with resistance to more than one pest. This makes his job 
more diffi cult. Remember, we still have the No. 1 design 
criterion of a high-producing plant, and as additional criteria 
are added, the effectiveness of reaching the No. 1 object is 
diluted.
 “3–Nutrient and water uptake. The root system must 
be one that can provide as much water and nutrients as the 
plant needs. Therefore, a vigorous and active root system is 
required.
 “With the foundation specifi cations described, the 
above-ground portion can be designed. First, it is necessary 
to obtain a variety that will emerge rapidly from 2 or 3 inches 
and provide a healthy plant. In the design, the central tower 
is most important, because within this are all the facilities for 
the movement of food and water. The plant should be upright 
and tall enough to permit easy harvesting. Here resistance to 
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certain diseases that interfere with nutrient movement in the 
plant is also a factor.
 “Now, let’s consider the part of the ‘building’ 
surrounding this ‘superstructure.’ Referred to as the 
canopy, it includes petioles and leafl ets on the main stem, 
or branches which give the plant its shape. The leaves are 
the site of much activity. The leaves capture and transform 
radiant energy (sunlight). This energy is utilized through 
photosynthesis to form sugar. Sugar is converted into plant 
parts through growth and differentiation. Therefore, a canopy 
that will intercept and utilize effi ciently this energy from the 
sun is desirable.
 “In the photosynthesis process carbon dioxide [CO2] is 
required. The plant that is developed should also be effi cient 
in utilizing the CO2. Maximum penetration and use of both 
radiant energy and CO2 are essential criteria for the canopy. 
More research on the role and interactions involved is 
needed. As this information becomes available, varieties that 
perform better in narrow rows may be developed. However, 
we know that in the North, with the use of currently released 
varieties, yield can be increased by using narrow rows. The 
results of narrow-row experiments have been reported in the 
last several issues of the Soybean Digest.
 “To insure maximum utilization of leaf area and 
photosynthetic products, resistance to the foliar diseases 
must be incorporated into the new varieties. Leaf diseases 
now causing the greatest losses are bacterial blight, bacterial 
pustule, and downy mildew. Brown spot, often severe early 
in the season, causes loss of some of the lower leaves. These 
foliar diseases not only decrease the photosynthetic area but 
also utilize many of the products from photosynthesis.
 The next design criterion is ‘interior decorating.’ No 
building is satisfactory unless it has a maximum number of 
rooms properly decorated. We are here concerned with the 
seed, especially number and size. We want the maximum 
number and to hold them in the pods until harvest time. We 
also want a good quality yellow bean. Normally, a yellow 
bean is easily obtained unless, as with the cyst nematode, 
a needed factor (resistance) is closely related to the black 
seed character. It was necessary to look at thousands of 
plants to fi nd the one that was resistant to nematodes and 
which was yellow-seeded. The quality characteristic is more 
diffi cult. Consideration must be given to resistance to several 
organisms such as those causing pod and stem blight, and 
purple stain.
 “We are also concerned about what goes into these 
seed. Maximum oil and protein percentages are desired. 
But problems arise. As the percentage of either of these 
components increases, the percentage of the other usually 
decreases. Efforts must be made to fi nd a maximum for both. 
However, here again we do not wish to sacrifi ce our No. 1 
criteria–yield. In recent years we have become concerned 
about the components of oil (the fatty acids) and proteins 
(the amino acids). We have long been concerned about the 

unsaturation of soybean oil. We need lower linolenic acid 
levels to improve oil stability. High lysine corn has caused 
concern over the protein. For several years we have been 
searching for higher methionine, the limiting amino acid 
in soybeans. Let’s now look at what we envision for the 
future. Our biggest aim is to develop high-yielding varieties. 
Such varieties will be resistant to many root, leaf, and seed 
organisms previously discussed. New varieties will be more 
specifi cally adaptable. Growers will also have to consider 
not only day-length adaptability but row width, soil type, 
and perhaps specifi c modulation bacteria inoculum as well. 
Types will be developed that are more erect for production in 
narrow rows.
 “There will be more concern for chemical composition. 
Varieties with greater percentage protein with an acceptable 
oil percentage will be released. Attempts to change the fatty 
acid and amino acid content of the oil and protein will be 
made. The goal will be less saturation and a better balanced 
protein. These factors will increase use, and they will expand 
markets for both oil and protein.
 “What about the buyer of this variety we have 
developed? No real estate broker buys a building unless 
he investigates its value and productiveness. For growers 
of soybeans to make the maximum from their investment, 
they must know what they are buying–its requirements and 
its productive potential. In the future, the soybean grower 
must carefully analyze all the factors needed for a maximum 
return on his investment.
 “Finally, a remarkable and sophisticated building can be 
designed, built, and sold, but without an effective manager, 
no profi t will be made and soon the building is in a rundown 
condition. You note I said earlier, that in the future, varieties 
would be released with a higher yielding potential. These 
varieties will only reach this potential if they are managed 
properly. The manager must use the best fertilization, row 
width, weed control, and harvesting practices.
 “In 1966 the National Soybean Crop Improvement 
Council conducted a survey of 135 of America’s top soybean 
growers. The average yield for these growers for their 1966 
crop was about 41 bu/a. Compare this with the national 
average of 25.4. The effect of management is obvious. These 
growers thought that the factors which contributed to their 
success were: fertilization, weed control, better soil, narrow 
rows, and better varieties.
 “I think it is obvious that we who are conducting 
research need to provide the soybean grower with better 
varieties and management ‘know-how.’ However, until the 
producer puts as much effort as possible into maximum 
production, the task will remain half-fi nished.”
 A portrait photo shows Billy Caldwell. Address: Leader, 
Soybean Investigations, Crops Research Div., Agricultural 
Research Service, U.S. Dep. of Agriculture, Beltsville, 
Maryland.
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1621. Koch, Burton; Evans, H.J.; Russell, S. 1967. Properties 
of the nitrogenase system in cell-free extracts of bacteroids 
from soybean root nodules. Proceedings of the National 
Academy of Sciences, USA 58(4):1343-50. Oct. [25 ref]
• Summary: “Summary: A procedure involving anaerobic 
conditions, a buffered ascorbate medium, and insoluble 
polyvinylpyrrolidone was utilized for the preparation of 
active cell-free extracts of bacteroids from soybean root 
nodules. Low-molecular-weight compounds were removed 
from extracts by use of polyacrylamide gel chromatography. 
The optimum conditions are reported for catalysis of 
N2 reduction by these preparations. Reaction mixtures 
containing an ATP-generating system, Na2S204, and N2 
evolve H2 during the course of N2 fi xation. Under an 
atmosphere of A the rate of H2 evolution is much greater 
than under N2. The rate of N2 fi xation by the nodule 
nitrogenase system is strongly inhibited by H2.” Address: 
Dep. of Botany and Plant Pathology, Oregon State Univ., 
Corvallis, Oregon.

1622. Saxena, M.C.; Bhatnagar, P.S.; Hymowitz, T.; Pandey, 
R.K. 1967. Soybeans–A cash crop of high potential. U.P. 
Agricultural University, Experiment Station, Technical 
Bulletin No. 51. 33 p. Oct. Originally presented at First 
Indian Soybean Workshop, Oct. 14.
• Summary: Contents: I. Vice Chancellor’s message (very 
interesting and insightful). II. History of soybean. III. The 
Coordinated Soybean Research: Past, present and future. IV. 
Package of recommended practices for soybean cultivation. 
V. Uses of soybean. VI. Organizations and industries 
interested in soybean.
 History of soybean (p. 10-12): The production of 
soybeans has been limited to the hilly districts of the sub-
Himalayan range, where they are grown in scattered pockets. 
Farmers of southern Madhya Pradesh and the adjoining areas 
of Maharashtra have been growing soybean on a small scale. 
Almost all varieties are black seeded, late in maturity and 
poor yielding. Improved Indian varieties like Punjab-1, T-1 
and T-49 take long to mature and are not suitable for double 
cropping.
 Isolated attempts to test the suitability of some of the 
imported, more or less erect growing, early maturing and 
creamy colored grain-type, non-shattering varieties were 
started as early as 1953, when R.N. Davis imported small 
seed samples of several varieties from Dr. J.L. Cartter 
of the Univ. of Illinois and conducted trials in Yeotamal 
(Maharashtra) which continued until 1963. Several 
experiment stations started experiments. Though these 
trials showed the soybean to have potential, they did not 
yield much valuable information. Small scale trials were 
conducted at Pantnagar in the year 1963 and 1964 during 
the Kharif season by Mr. Edwin Bay, Extension Advisor at 
the university, from the University of Illinois. Although the 
yields were low, the experiment encouraged further studies, 

as it was evident that American varieties could be adapted 
to Indian conditions. Similar information came from trials 
conducted simultaneously at Government farm in Madhya 
Pradesh. The interest in soybean experimentation got fresh 
impetus when in 1965 Dr. Earl Leng in collaboration with 
Dr. W.D. Buddemeir initiated more extensive studies at 
Pantnagar and Jabalpur. Note 1. U.P. Agricultural University 
was established in 1960.
 The Coordinated Soybean Research Programme–Past, 
present and future (p. 13-24): Introduction, experimental 
work done (variety trial, date of planting trial, inoculation 
trial, herbicide trial), present experiments on soybean and 
future plan. “The soybean experiments being conducted 
at present (Kharif, 1967) include trials under the above 
programme of Cooperative Soybean Investigations as 
well as under the All India Coordinated Research Project 
on Soybean.” Researchers “hope to answer the following 
questions about the soybean:” Eleven numbered questions 
are given. Agricultural University Experiment Station: 
Soybean variety trials (promising varieties among 12 
tested include Bragg, Hardee and Hampton), plus 11 other 
projects are described. Future plans: Eight future projects are 
described.
 Note 2. This is the earliest document seen (Sept. 2010) 
that mentions the “All India Coordinated Research Project on 
Soybean” (p. 20).
 Note 3. This is the earliest document seen (Sept. 2010) 
that mentions P.S. Bhatnagar (one of the authors), who soon 
became head of the “All India Coordinated Research Project 
on Soybean.” Address: U.P. Agricultural Univ., Pantnagar, 
District Nainital, UP, India.

1623. Corby, H.D.L. 1967. Progress with the legume bacteria 
in Rhodesia. Proceedings of the Grassland Society of South 
Africa 2:75-81. [5 ref. Eng; Afr]
• Summary: “Progress during eight years of work in 
Rhodesia with Rhizobium is presented... A factory [at 
Grasslands] is producing inoculants at the rate of 9000 units 
a year. A survey has shown virtual absence of fi eld-failure 
of these inoculants.” Also discusses the effect of Rhizobium 
japonicum inoculation and nitrogen application on soybean 
yields. The author obtained responses to both inoculation and 
nitrogen application only when effective soybean rhizobia 
were absent. Tables show the following: 5. “Differential 
nitrogen-fi xing power of combinations of plant variety and 
bacterial strain in soya beans, 6. Effect of site (Sabi Valley, 
Rhodesia, and Mt. Makulu, Zambia) on the response of 
Hernon 147 soya beans to inoculation with Rhizobium. 
7. Effects of Rhizobium and nitrogenous fertiliser on the 
yield of soya beans (variety 54.S.70) grown on Grasslands’ 
sandveld.
 Yearly sales of 8 ounce bottles of inoculant for soya 
beans was 3,130 in 1962-63, 1,454 in 1963-64, 1,157 in 
1964-65, and 833 in 1965-66. At the same time use of 
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inoculant for other crops is increasing. “The decrease in the 
case of soya beans refl ects the failure of an abortive attempt 
to stimulate interest in the crop as an exportable commodity.” 
Address: Grasslands Research Station, Marandellas, 
Rhodesia.

1624. Van de Venter, H.A. 1967. Inorganic nitrogen and 
inoculated groundnuts, Arachis hypogaea L. MSc thesis, 
University of Pretoria, South Africa. *

1625. Dobereiner, Johanna; Arruda, Norma B. de. 1967. 
Interrelacoes entre variedades e nutricao na nodulacaoe e 
simbiose de soja (Glycine max (L) Merril). [Interrelations 
among varieties and nutrition in nodulation and 
soybean symbiosis (Glycine max (L) Merrill)]. Pesquisa 
Agropecuaria Brasileira 2:475-487. [22 ref. Por; eng]
• Summary: “Abstract: Three greenhouse experiments 
with soybeans were carried out following observations in 
several fi eld experiments that certain varieties always were 
abundantly nodulated while others nodulated only on certain 
soils.
 “In the present experiments one easy nodulating variety 
(Mamouth) was compared with two varieties presenting 
diffi culties in nodulation (L-571 or L-2006).
 “In confi rmation of the fi eld experiments, the variety 
Mamouth, in all three experiments showed higher nodule 
weight and nitrogen fi xation less affected by the different 
treatments or by factors not controlled in these experiments. 
This is apparent in one of the experiments by the low 
coeffi cient of variability (11.8%) in the analysis of nodule 
weight for the variety Mamouth compared to a very high 
coeffi cient of variability (47.5%) for the variety L-571.
 “Liming stimulated nodulation and nitrogen fi xation 
of the varieties Mamouth and L-2006 while the effect of 
gypsum was dependent on the level applied and on the 
variety. For the variety Mamouth 100 ppm of gypsum 
seemed to be optimal and 200 ppm for the variety L-2006 
whereas 400 ppm of gypsum were excessive for both 
varieties.
 “The varieties also responded differently to nitrogenous 
fertilizer. Nitrogen fi xation and nodulation for the variety 
Mamouth were reduced less by N applications than 
were those of the variety L-2006. The regression of total 
plant nitrogen (log) with nodule weight showed different 
coeffi cients for the two varieties (Mamouth and L-2006) at 
the lowest N level (10 ppm). This was not the case in the 
pots without nitrogen or at the highest N level (40 ppm).
 “Magnesium stimulated nodulation and nitrogen fi xation 
of the varieties Mamouth and L-571 while potash seemed to 
have the opposite effect.
 “It is suggested that physiological differences between 
varieties, related to calcium and nitrogen metabolism might 
be the cause of hereditary differences in nodulation and 
nitrogen fi xation of soybeans.” Address: Eng. Agronomo 

da Secao de Solos do IPEACS e bolsista do CNPq, KM 47, 
Campo Grande, GB, ZC-26.

1626. Ham, George Eldon. 1967. Serogroups of Rhizobium 
japonicum in soybean nodules under various soil conditions, 
previous crops, and host varieties. PhD thesis, Iowa State 
University. 89 p. 28 cm. < https://lib.dr.iastate.edu/rtd/3936/ 
> [71 ref]
• Summary: Serogroups of Rhizobium japonicum present 
in the nodules of soybeans and their relationship to soil 
properties were studied on 613 nodule samples obtained at 
75 locations during 1965 and 1966.
 “Introduction: More effi cient nitrogen fi xing bacteria 
(Rhizobium japonicum) seem to be one of the factors for 
obtaining effi ciency and. stability of soybean yields. Strains 
of rhizobia present in the soil may not fi x suffi cient nitrogen 
for maximum yields. A strain consists of a pure culture of 
bacteria composed, of the descendents of a single isolation. 
The strains of R. japonicum can be distinguished, from each 
other serologically but other characteristics of the strains can 
be used, as criteria for separation. The most economical way 
to provide additional nitrogen for maximum yields is through 
effective strains of rhizobia.
 “Nodule formation on legume roots in itself is not a 
sure indication that nitrogen fi xation is taking place. Some 
rhizobia induce nodule formation and subsist within the 
roots without adding any nitrogen to the plant and are called, 
ineffective or parasitic. Other rhizobia are very effective 
and the nodules supply enough nitrogen for excellent plant 
growth while some rhizobia are intermediate in nitrogen 
fi xation.
 “Inoculation is not simply a matter of providing 
compatible, effective rhizobia for soybeans in a soil which 
has no soybean rhizobia present. Today, inoculation should 
meet the challenge to provide superior strains in the 
inoculum and to inoculate in a manner which will establish 
the inoculated, strains in the nodules of soybeans grown on 
soils containing other naturalized, strains of rhizobia.
 “More information is needed concerning these 
naturalized rhizobia and how they are infl uenced by various 
soil conditions, previous crops and the host genotypes 
grown. The chemical, physical and biological properties of 
the soil could be expected to interact with the properties of 
the nodule bacteria to have an effect on their occurrence in 
soils. Even the presence of certain strains of rhizobia in the 
soil could affect the occurrence of other strains of rhizobia.
 “The purpose of these studies was to evaluate the 
infl uence of various physical and chemical properties of 
the soil, previous crops, inoculation and host variety on the 
occurrence of serogroups of R. japonicum in Iowa soils. 
Soybean nodules were taken in soybean growing areas of 
Iowa utilizing a random sampling technique. The crop grown 
the previous year, host variety, soil association area and type 
of inoculation were recorded and some properties of the soils 
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were determined. The specifi c objectives of these studies 
were to:
 “A. To determine which serogroups of Rhizobium 
japonicum were present in Iowa soils using a random 
sampling technique. The occurrence of various serogroups 
of R. japonicum was determined according to presence 
or absence of inoculation, previous crop, host variety and 
soil association area. The following soil properties were 
determined in order to ascertain whether any of these various 
factors coincided with the occurrence of certain serogroups 
of R. japonicum in the nodules of soybeans grown on the 
soil: pH, mineralizable nitrogen, extractable phosphorus, 
exchangeable potassium, percent sand, percent silt and 
percent clay.
 “B. To determine the relative effectiveness (ability 
to convert atmospheric nitrogen into a form usable by the 
host plant) of some different strains of soybean rhizobia 
found in nodules from Iowa soils to others not found in 
Iowa. This study was carried out to fi nd strain(s) superior to 
those already in the soil which may be used to inoculate the 
soybeans.
 “C. To determine the infectivity (ability to gain entrance 
into the host plant) of the different strains of soybean 
rhizobia found in Iowa soils and compare the infectivity of 
these strains to the most effective strains found in (B) above.
 “D. To determine if soybean seed yield could be 
increased by adding effective rhizobia to soybean plants or 
nitrogen fertilizer to the soil. This study was to determine 
whether or not present inoculation techniques are providing 
maximum soybean seed yield.” Address: Ames, Iowa.

1627. McKie, J.W. (Bill); Anderson, K.L. 1967. The soybean 
book. State College, Mississippi: W.R. Thompson and 
Associates. iv + 196 p. Illust. Index. 23 cm. Summarized in 
Soybean Digest, April 1967, p. 45.
• Summary: Page II: Dedication. This book “is dedicated to 
Dr. E.E. Hartwig.
 “Had it not been for Dr. Hartwig’s breeding and 
selection work on soybeans, they would not be the major 
crop in the South today bringing in hundreds of millions of 
dollars extra to agriculture.
 “I don’t know how he feels about his world-wide 
contributions, but I do know how the farmers and everyone 
connected with agriculture feel. If ever a man can say to 
himself and the world, ‘I’ve done my job well,’ Dr. Hartwig 
can.
 “As better soybean varieties are developed for the South, 
Dr. Hartwig will contribute to their development.
 “We don’t ever question any soybean information on 
varieties put out by Dr. Hartwig. Everyone connected with 
agriculture appreciates his contributions and never ending 
efforts.
 We say, ‘Thank you, Dr. Hartwig.’
 A portrait photo shows Dr. E.E. Hartwig.

 Page III: “Preface:
 “Have you wanted a soybean dictionary that tells all the 
practices to get high yields? Well, here it is for your use.
 “This book starts off with land selection for soybeans, 
the land not to use and lime and fertilizer needed to get top 
yields.
 “The varieties to plant, seeding rates, dates to plant, 
along with the weed control practices to use is outlined and 
easy to read.
 “Soybean production was once 15 bushels average per 
acre. This is not profi table. You need 35 to 50 bushels per 
acre and can get it if you’ll follow this book.
 “There isn’t a soybean worker in the South who knows 
about soybean production as Bill McKie does, and K.L. 
Anderson has helped him with land selection, liming, and 
fertilizer to use. There are certain practices to carry out in 
soybean production and these are outlined to get top yields. 
Bill McKie knows his program and has pushed and sold it.
 “The Mississippi Soybean Association is proof of his 
organizational work and the interest of the followers.
 “One of the secrets of Bill McKie’s and Kelton 
Anderson’s success in this work is that they work hard and 
have a close working relationship with the research people. 
Bill has followed Dr. E.E. Hartwig’s recommendations on 
varieties and cultural practices and Dr. Chester McWhorter’s 
recommendations on chemical weed control and the others 
doing soybean work. When he fi nds something that will 
increase soybean production, he uses it.
 “I don’t know of a question that can be asked about 
soybean production which isn’t answered in this book. 
Farmers are always telling me, ‘I want information which is 
to the point and not make me make a selection or choices too 
much.’ This book gives short answers to production practices 
for high yields.
 “Soybeans are grown on more acres than any row crop 
and can be our highest cash crop. All the work can be done 
with machines and chemicals.
 “This soybean book contains every detail of information 
to make high yields of beans every year.
 “It doesn’t matter whether you’ve produced soybeans 
for 10 years or one year or have never grown soybeans, this 
book will be your guide.
 “W.R. Thompson, Leader Extension Agronomy.
 Contents: History of Soybeans. Situation. Outlook. Soil 
Selection. Clearing Soybean Land. Varieties. Row Spacing. 
Preplanting Cultivation. Planting Equipment. Planting Dates. 
Depth and Rate of Planting. Inoculation. Seed Treatment. 
Soybean Fertilization. Molybdenum for Soybeans. Minor 
Nutrients. Fertilizer Placement. Liquid Mixed Fertilizer. 
Fall Application of Fertilizer. Weed Control. Pre-emergence 
Herbicide. Costs of Soybeans. Soybean Herbicides. 
Promising Chemicals. Cross Cultivation. Fall Application 
Trefl an. Weeds in Soybeans. Crotalaria in Soybeans. 
Summer Fallow. Soybeans on Pasture Land. Mulch Planting. 
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Soybeans on New Land. Soybeans in Skip Row. Cotton 
Irrigation. Response of Soybeans to. Growth Regulator 
Soybean Yield estimates. Soybean Insects. Soybean 
Diseases. Economics of Soybean. Production Harvesting. 
Proper Combine Setting. Foreign Material. Storage. 
On-Farm Drying. Marketing. Grades. Uses of Soybean 
Products. Soybean Terms. New Soybean Food Products. 
Soybean Production and Export Facts. American Soybean 
Association. Equipment That Works Well in Soybean 
Production. Soybean Facts. The section titled “History of 
Soybeans” (p. 1) begins: “The soybean has been known to 
man for over 5,000 years. Its history dates back before the 
time of written records. A native of Asia, the soybean was 
fi rst referred to in an early book written by the Chinese 
Emperor Shen Nung in 2448 B.C. The name of ‘soja max’ 
is the name used for soybeans in the orient, and when fi rst 
grown in the United States, they were called soya beans.”
 Note: This is the earliest document seen (June 2003) that 
gives the date of Emperor Shennong’s book as 2448 B.C.
 “The soybean was fi rst brought to the United States 
around 1800... Early records refer to the soybean as ‘Japan 
pea,’ and later the ‘American Coffee Bean,’ for during 
the war between the states, they were used as a coffee 
substitute.”
 Page 32: “Inoculation: Soybeans will produce their 
own nitrogen from the air if properly inoculated with nodule 
bacteria. Inoculate soybean seed before planting if it has 
been more than 5 years since soybeans were grown on a clay 
soil. Some authorities feel that on sandy soil inoculation 
should be done if 3 years have passed since soybeans 
were grown on a fi eld. If there is any doubt as to whether 
inoculation is needed, only a small cost is involved and it 
is better to inoculate, it is usually advisable not to apply a 
fungicide seed treat-nodulation of soybean plants.
 “Do a thorough job of applying bacteria to soybean seed 
and keep the inoculated beans out of the sun until planted.”
 Photos at the front show: (1) J.W. (Bill) McKie. (2) K.L. 
Anderson. (3) Dr. E.E. Hartwig. There are countless photos 
and illustrations throughout the book. Address: 1. Soybean 
specialist; 2. Soil and fertility specialist. Both: State College, 
Mississippi.

1628. Willatt, S.T.; Tighe, F.M. 1967. Soil temperatures in 
the seed zone of inoculated legumes. Rhodesia, Zambia and 
Malawi J. of Agricultural Research 5(3):221-28. [7 ref]
• Summary: Inoculated soya beans (Hernon 147) were 
planted at Gatooma on 29 Nov. 1965. “Temperatures 
recorded during the establishment of the soya beans could 
have inhibited generation of rhizobia but good nodules were 
always present.”
 Note: As of 1988, Gatooma (known as Kadoma 
since 1982) was a town in northeast Zimbabwe, 85 miles 
southwest of Harare. Address: A.R.C. Soil Productivity 
Research Lab., Marandellas, Rhodesia.

1629. Willatt, S.T. 1967. Soil moisture studies under soya 
beans. Rhodesia, Zambia and Malawi J. of Agricultural 
Research 5(3):229-32. [9 ref]
• Summary: “Studies of moisture conditions under soya 
beans were made on crops near to the hotter and colder 
climatic extremes under which soya beans are grown in 
Rhodesia... The primary objective was to determine whether 
conditions were suitable for rhizobial development. Moisture 
was found to be available during the establishment period on 
both sites so that germination and rhizobial generation were 
good.” Address: A.R.C. Soil Productivity Research Lab., 
Marandellas, Rhodesia.

1630. McCormick, L.L. 1968. Growing soybeans in 
Louisiana. Louisiana Agric. Cooperative Extension Service, 
Publication No. 1519. 15 p. Jan. Reprinted in 1973.
• Summary: Contents: Introduction. Rotation. Land 
selection. Soils and water management. Lime and fertilizer 
requirements. Seedbed preparation. Varieties: Early 
maturing (Sept. 15 to Oct. 1; Hull, Dare), medium early 
maturing (Hood, Davis, Curtis, Lee, Picket), medium late 
maturing (Bossier, Bragg, Semmes), late maturing (Oct. 
31 to Nov. 7; Bienville, Hampton 266). Plant quality seed. 
Seed treatments: Molybdenum, inoculation. Row spacing. 
Rate and date of planting. Depth of planting. Weed control. 
Irrigation. Diseases. Insects. Harvesting. Marketing. 
Acknowledgement.
 “The soybean crop in Louisiana has grown from less 
than 100,000 acres in 1955 to about 1,300,000 acres in 1967. 
Annual production has increased from just over 2 million 
bushels in 1955 to nearly 30 million bushels in 1967.” 
Address: Specialist (Agronomy), Louisiana State Univ.

1631. Ortho Division, Chevron Chemical Company. 1968. 
Life insurance for soybeans: Ortho Soybean Seed Protectant 
with MO [Molybdenum] (Ad). Seed World 102(5):15. March 
8.
• Summary: The seed protectant contains a Orthocide, 
fungicide which controls damp-off and seed decay. The 
protectant is sold with or with molybdenum (which 
protects soybeans against defi ciency of this minor element). 
Molybdenum defi ciency, which occurs mainly in highly-acid 
soils, reduces the effi ciency of nitrogen-fi xing bacteria in the 
soil. Address: San Francisco, California 94120.

1632. Informations Techniques CETIOM. 1968. Le soja [The 
soybean]. No. 13. 21 p. 1st trimester. [Fre]
• Summary: Contents: Introduction. 1. Climatic needs 
of the soybean. 2. Experimentation: Climatic conditions, 
varietal trials, cultural techniques (infl uence of planting date, 
inoculation, cultivation without weeds {dérobée}), chemical 
weed control. 3. Conclusions. Contains 5 maps, one of which 
shows where soybeans are cultivated in southern France. 
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Most areas are irrigated. Address: 174 Av. Victor Hugo, Paris 
16º, France.

1633. Indian Council of Agricultural Research. 1968. 
Proceedings of the First Workshop Conference on Soybean. 
New Delhi, India: ICAR. 8 p. Held 4-5 April 1968 at the 
Indian Agricultural Research Institute.
• Summary: Dr. M.S. Swaminathan, Director of the Indian 
Agricultural Research Inst., welcomed the delegates. 
Various University of Illinois personnel were present. He 
noted that that “the most signifi cant point that hindered the 
progress of soybean introduction in Indian Agriculture in a 
big way in the pre and post World War II periods [was the] 
bottleneck in marketing and utilisation of the soybean that 
was produced in different parts of the country. In the current 
post-Independence period he pointed out that the” situation 
is different.
 “In view of the special importance of soybean in 
the antibiotic industry and a rich and cheap source of 
meat-like protein and milk-like invigorating drink, Dr. 
Swaminathan stressed the need for agricultural scientists of 
diverse disciplines to bend their energies toward attaining 
expeditiously the goal of introducing into cultivation 
soybean varieties adapted to different latitudinal zones in this 
country.”
 He pointed out “the current urgent demands for large 
quantities of soybean meal and oil by the existing antibiotic 
industries in India. This point, at the request of the Chair, 
was elaborated by Dr. Thirumalachar, Chief Mycologist, 
Hindustan Antibiotics Factory, Pimpri, Maharashtra, who 
was present at the workshop by special invitation.
 “The Chair also informed the gathering that seed 
multiplication of Bragg and Clark varieties that grew well 
in the northern plains of India” will be accelerated by 
about 20 tonnes of imported seeds from the U.S.A. in the 
coming kharif season to be grown in isolation at Suratgarh 
(Rajasthan).
 “At the request of the Chairman, Dr. Earl Leng of 
Illinois University, gave a talk on ‘Soybeans for India–
Promise and Problems.’
 The chair later “related how soyabean could be a 
good substitute for urid [a pulse] and maize for rice in the 
preparation of idli, the nutritious breakfast food of south 
India.
 “The inaugural session closed with a brief review of 
the working of the All India Soyabean Project during 1967, 
the fi rst year of its operation, presented by the Project 
Coordinator, Shri H.B. Singh, who noted that he visited the 
various cooperating centers during the 1967 season. The 
trials at Pantnagar (U.P.), Jabalpur (M.P.), Kalyani (West 
Bengal), and Katrain (Himachal Pradesh) were all uniform 
and gave useful information.
 Also discussed (with Dr. A.B. Joshi, Chair): Concluding 
session. Agronomic trials: Fertilizer trial, date of planting 

and plant population trial. Breeding (for the plains, for the 
hills, vegetable-type soybeans). Pests and diseases. Bacterial 
inoculation. Marketing. Address: Indian Agricultural and 
Research Inst., New Delhi.

1634. Miller, Marraine. 1968. Soybeans for young landscape. 
Organic Gardening and Farming 15(4):38-41. April.
• Summary: “These Minnesota gardeners use soybeans to 
rejuvenate sandy soil, fruit trees, fl ower beds and vegetable 
patches–and to eat! Soybeans have earned a place in my 
garden. I can’t praise them enough for their services–they 
feed the soil and us besides.” The author plants a ring of 
soybeans around trees and ornamental shrubs, and cucurbits 
to shade the root area, conserve soil moisture, add nitrogen to 
the soil, and (when the leaves fall) in the autumn, enrich the 
soil with humus. They also form a protective little fence.
 “I never plant any soybeans just for harvesting, but 
so far we’ve always had plenty of ripe ones by fall for 
eating and for next year’s seed. We’ve come to appreciate 
the beans, either alone or mixed with navy or lima beans. 
Shelled green, they can be prepared like peas. They can be 
sprouted and served as a tasty fresh winter vegetable, in 
Chinese recipes for example. They can be ground into meal 
or fl our and used anywhere you would use wheat fl our. They 
make an excellent source of protein and are low in starch–a 
much better meat stretcher than spaghetti–surpassing other 
beans in providing complete protein.”
 The author planted two soybean varieties: Bansei (sold 
by Burgess Seed and Plant Co., Nichols Nursery, W. Atlee 
Burpee Co., and Gill Bros. Seed Co.) and Giant Green (sold 
by Farmer Seed & Nursery Co.). The legume inoculant 
recommended is “Legume Aid” from Burpee’s, or “Nitragin” 
from either Gill Bros. or Joseph Harris Seed Co. The address 
of each of the above companies is given. Contains 6 photos 
of the author’s soybeans.

1635. Hymowitz, T.; Vernetti, F.J.; Shands, H.L. 1968. The 
Brazilian national soybean program. Soybean Digest. May. p. 
62-63, 65.
• Summary: “The National Soybean Commission is 
conducting a program devoted to increasing the production 
of soybeans in Brazil. Approximately 25 agronomists are 
involved in an integrated soybean research program. These 
specialists represent two governments–the United States 
and Brazil. The Brazilians are employees of the Ministry 
of Agriculture, several Secretariats of Agriculture and one 
university, while the Americans are affi liated with the U.S. 
Agency for International Development (US-AID) through 
university and private contracts.
 “In the past, cooperation in research activities on a 
national scope was limited to the meetings of groups of 
researchers to present and discuss their works. However, 
in 1964 and 1965, National Commissions were created for 
soybeans and a number of other crops. These commissions 
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will meet every year to study the results obtained during the 
last period and to plan research activities for the next period. 
We believe that the development of cooperative research 
activities has and always will have important implications for 
future national agricultural programs.
 “Nationwide effort: The Soybean Commission’s 
nationwide effort is unusual, considering that production is 
centered almost entirely within one state, Rio Grande do Sul 
[Brazil’s southernmost state]. In this state, ideal conditions 
exist for a double-crop system of wheat and soybeans. 
However, in the past 2 years, soybean acreage in Parana 
and Sao Paulo has more than doubled. This can be mainly 
attributed to poor coffee production due to frost and low 
cotton prices, whereas during the same period soybean prices 
increased both in Brazil and in the international markets.
 “About 20% of the soybean acreage of Rio Grande do 
Sul is completely mechanized. This is especially true in the 
Planalto Medio region of the state. Farmers in the region 
own or rent from 200 to 1,000 hectares of land. The other 
80% of the soybean acreage in the state of Rio Grande do 
Sul is comprised of small farms containing 10 to 50 hectares. 
The planting and harvesting operation on these farms is 
almost completely done by hand labor. Most of the soybeans 
are planted between corn rows, that is, one or two rows of 
soybeans between two rows of corn.
 “In the state of Sao Paulo, almost all of the soybean 
acreage is owned or rented by a few farmers, and thus 
operations are totally mechanized.
 “In Parana and Santa Catarina, the great majority of 
soybean growers own or rent small farms. Mechanization is 
limited or nonexistent.
 “The southwestern region of Minas Gerais, eastern 
Goias and certain regions of Mato Grosso offer ideal 
conditions for increasing the soybean acreage in Brazil. It 
is expected that the soybean acreage will increase rapidly 
in these regions as a direct consequence of the National 
Soybean Commission’s research program.
 “Origin of the National Soybean Commission: During 
the early part of 1963, Dr. J. Ralph Shay, head of the botany 
and plant pathology department at Purdue University 
[Indiana], served as a consultant to the Purdue-Brazil project, 
UREMG, Vicosa, MG [Mato Grosso]. In Dr. Shay’s fi nal 
report he suggested that emphasis be given to a soybean 
program at UREMG for the purpose of increasing soybean 
production in the state.
 “Dr. G.O. Mott, professor of agronomy, Purdue 
University, later research director of the Instituto de 
Pesquisas IRI, Dr. Shay and Dr. Henry Shands, later an 
agronomist with the Purdue-Brazil Contract, UREMG, 
Viscosa, MG, discussed the possibility of forming a 
coordinated national program in Brazil for the purpose of 
conducting soybean variety trials.
 “Coordinator named: After the revolutionary change in 
the Brazilian government in 1964, Dr. Ady Raul da Silva, the 

new research director (DPEA) of the Ministry of Agriculture, 
became much interested in the proposed soybean program. 
He requested that Instituto de Pesquisas IRI begin the 
organization of the National Soybean Commission. Dr. 
Henry Shands was appointed coordinator of the program. 
He immediately started to contact individuals who had done 
some work with soybeans and also those who might be 
interested in joining the program.
 “Dr. Octavio Drummond, director of the division 
of plant science of the Departamento de Pesquisas e 
Experimentacao Agropecuarias, indicated that the several 
Ministry of Agriculture research institutes would gladly 
participate in the program.
 “Soybean Trials: The Secretary of Agriculture 
agronomists in the state of Rio Grande do Sul had been 
conducting excellent experiments with soybeans for a 
number of years. In the interest of a national program, 
however, they agreed to participate as long as there was no 
confl ict with their own experiments. IRI personnel were 
requested to conduct the trials in parts of Parana, Mato 
Grosso and Sao Paulo.
 “The above federal and state institutions plus UREMG 
composed the core group which conducted the fi rst national 
soybean varietal trials during the 1964-65 crop year.
 “The group requested the Instituto de Pesquisas IRI, 
through the efforts of USAID, to bring to Brazil a soybean 
expert from the United States.
 “The second meeting of the National Soybean 
Commission was held in Rio de Janeiro, June 23 to 25, 1965. 
On the basis of preliminary nodulation data collected in 
1964-65, the members of the Commission decided to conduct 
a national inoculation study to fi nd the most effi cient strains 
of rhizobia for soybeans under Brazilian climatic conditions.
 “In July 1965, Dr. Francisco J. Vernetti was appointed 
coordinator of the National Soybean Commission. Dr. 
Vernetti recently returned to Brazil from postgraduate 
training in soybean genetics at Purdue University. Dr. Henry 
Shands then became the United States technical advisor 
to the National Soybean Commission. After Dr. Shand’s 
return to the United States in November 1965, Dr. Theodore 
Hymowitz of the Instituto de Pesquisas IRI became the U. 
S. technical advisor to the Commission. Dr. Kirk Athow, 
who succeeded Dr. Shands at UREMG, became the technical 
consultant to the Commission” (Continued). Address: 
1. Asst. Prof. Plant Genetics, Dep. of Agronomy, Univ. 
of Illinois; 2. Ministry of Agriculture, Brazil 3. De Kalb 
Agricultural Assoc., Lafayette, Indiana.

1636. Hymowitz, T.; Vernetti, F.J.; Shands, H.L. 1968. The 
Brazilian national soybean program (Continued–Document 
part II). Soybean Digest. May. p. 62-63, 65.
• Summary: (Continued): Dr. Edgar Hartwig came to 
Brazil in early 1966 as a consultant to the National Soybean 
Commission. Dr. Hartwig, who is in charge of the U.S. 
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Department of Agriculture’s southern regional soybean 
program at Stoneville, Mississippi, observed soybean 
plantings in 25 areas from Rio Grande do Sul to Minas 
Gerais. Most of the observations were of experiments 
conducted by the collaborators of the Soybean Commission. 
Among the recommendations made by Dr. Hartwig to the 
Commission were the following:
 “1–To increase the amounts of lime and fertilizer used 
on the varietal plots so as to allow each variety to reach its 
greatest yield potential.
 “2–To increase the use of small-plot machines to plant 
and harvest the soybeans.
 “3–To reexamine each test site location to ascertain 
whether the results of the tests can be realistically used in 
making recommendations to farmers.
 “As a consequence of Dr. Hartwig’s visit to Brazil, 
arrangements were made to include agronomists interested in 
soybean research in the USAID participant training program. 
At present, Romeu Kiihl, of the Agronomic Institute, 
Campinas, is studying at Mississippi State University for a 
M.S. degree in soybean genetics.
 “The third meeting of the National Soybean Commission 
was held in Rio de Janeiro, Aug. 29 to Sept. 1, 1966. The 
meeting was highlighted by a lecture by Carlos Goidanick, 
president of the Private Institute for Soybean Development, 
who told the group that industry is willing and already has 
channeled private funds to public institutions for research 
investigations on soybeans. This is a radical departure from 
the past, where only state or federal funds were available for 
soybean research activities by public institutions.
 “Besides varietal trials and nodulation studies, plans are 
being proposed for population, date-of-planting and fertility 
investigations. Several institutions in the states of Goias, 
Piaui, Pernambuco and in the Federal District have expressed 
a desire to be included in future soybean varietal trials.
 “Summary: The National Soybean Commission is 
composed of agronomists from various institutions in Brazil 
carrying out a program devoted to increasing the production 
of soybeans. Meetings are held each year to discuss the past 
year’s results and to plan future activities. The leader of 
the program is the coordinator, who maintains the lines of 
communication between the collaborators.”
 A photo shows fi ve men looking over the national 
soybean varietal trials in Sao Paulo, Brazil: Drs. Shiro 
Miyasaki, Edgar Hartwig, Francisco Vernetti, Hipolito 
Mascarenhas, and Kirk Athow.
 Outline maps show: (1) All Brazilian states, with the 
names of those where soybeans are grown, incl. locations 
of the National Soybean Commission varietal trials for the 
1964-65 crop year. (2) Rio Grande do Sul, incl. location of 5 
major soybean production areas.
 Talk with Prof. Ted Hymowitz. 2007. May 23. Brazil’s 
National Soybean Commission was an Alliance for Progress 
program. Ted’s salary and the salary of many other soybean 

researchers in Brazil at the time was paid, directly or 
indirectly (via UREMG), by the Alliance for Progress.
 Note: The Alliance was a U.S. government program 
started in 1961 by President John F. Kennedy, aimed at 
establishing economic cooperation between the USA 
and Latin America. The aid was intended to counter the 
perceived emerging Communist threat from Cuba to U.S. 
interests and dominance in the region. Address: 1. Asst. 
Prof. Plant Genetics, Dep. of Agronomy, Univ. of Illinois; 
2. Ministry of Agriculture, Brazil 3. De Kalb Agricultural 
Assoc., Lafayette, Indiana.

1637. Tattersfi eld, J.R. 1968. Improvement of Soya bean 
varieties in Rhodesia (Abstract). In: Abstracts of papers 
presented at the 66th Annual Congress–South African 
Association for Advancement of Science. See p. 24. Held 
July 1968 at Lourenco Marques, Mozambique.
• Summary: This abstract is based on a lecture presented 
to this congress. “Soybeans have been of minor importance 
in Rhodesian agriculture to date, one of the reasons being 
the poor performance of available varieties. Except for a 
small breeding programme conducted in the 1920’s and 
early 1930’s, introductions from other countries have been 
relied upon to provide commercial varieties. Most of the 
introductions have come from countries of higher latitude 
than Rhodesia and, with a few exceptions, have reacted 
adversely to the shorter day length. The use of locally 
tested strains of Rhizobium japonicum as a seed inoculant 
has improved the performance of some introductions and 
considerable genotype x strain interactions have been 
measured. A breeding programme was initiated in 1963 
the principal aims of which are to develop locally adapted 
varieties with high seed yields of acceptable quality which 
are resistant to lodging and shattering. A modifi ed pedigree 
method of selection is being used and two generations a year 
are grown, one in Salisbury during summer and the second at 
Chiredze, low altitude, frost free site, in the winter.” Address: 
Salisbury Research Station, Salisbury, Rhodesia.

1638. Hardy, R.W.F.; Holsten, R.D.; Jackson, E.K.; 
Burns, R.C. 1968. The acetylene-ethylene assay for N2 
fi xation: Laboratory and fi eld evaluation. Plant Physiology 
43(8):1185-1207. Aug. [38 ref]
• Summary: The acetylene reduction assay developed by the 
authors is another mechanism for evaluation of N fi xation 
in soybeans. This assay measures acetylene reduction at 
a given instant in time with the assumption of molecular 
equivalence to N reduction. The system has limited fi eld use 
since numerous measurements must be made to estimate the 
amount of N fi xed over the growing season.
 Application of nitrogen fertilizer usually reduces 
nodulation and nitrogen fi xation in soybeans. Address: 
Central Research Dep., Exp. Station, E.I. du Pont de 
Nemours & Co., Wilmington, Delaware 19898.
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1639. Bergersen, F.J.; Turner, G.L. 1968. Comparative 
studies of nitrogen fi xation by soybean root nodules, 
bacteroid suspensions and cell-free extracts. J. of General 
Microbiology 53(Part 2):205-20. Sept. [23 ref]
• Summary: “Summary: Rhizobium japonicum (CC711) was 
used to infect soybean seeds from which plants were grown. 
From the root nodules, bacteroid suspensions with initial 
rates of nitrogen fi xation as high as those calculated for 
bacteroids in intact nodules were prepared. Oxygen, which 
was required for fi xation by intact nodules and bacteroid 
suspensions, caused the eventual loss of bacteroid nitrogen-
fi xing ability, accompanied by an increase in O2-uptake. 
In intact nodules and in bacteroid suspensions, increasing 
O2 pressures resulted in higher values for Km of nitrogen 
fi xation.” Address: Div. of Plant Industry, Commonwealth 
Scientifi c and Industrial Research Organization [CSIRO], 
Canberra, Australia.

1640. Denaire, J.; Andriamanantena, S.; Ramonjy, J. 1968. 
L’inoculation des légumineuses à Madagascar: Résultats de 
l’expérimentation de la campagne 1966-1967 [Inoculation of 
legumes in Madagascar: Results of experiments during 1966-
1967]. Agronomie Tropicale (France) 23(9):925-66. Sept. 
[26 ref. Fre; eng; spa]
• Summary: The authors have isolated 62 local Rhizobium 
strains of nitrogen-fi xing bacteria from various food plants, 
including 10 strains from soybeans (p. 928). They tested 
these on soybeans as both food and forage crops during 
the rainy season and dry season at various locations and 
altitudes and or various soil types from northern to southern 
Madagascar. Without inoculation, spontaneous nodulation 
was very weak, and yields were low; inoculation raised 
the number of nodules to 150-160 per plant, and increased 
yields signifi cantly. In trials during the 1966-67 crop season, 
the effect of inoculation on crop yields was in all cases 
but one better than the addition of 60 kg/ha of nitrogen 
fertilizer. Moreover, the cost of nitrogen-fi xing bacteria is 
markedly lower than the cost of enough nitrogen fertilizer 
to give the same yield increase. There is evidence that as 
soon as inoculation is widely practiced in Madagascar, the 
use of nitrogen fertilizers on legumes will no longer be 
recommended.
 In tropical soils, which are generally poor in organic 
matter, nitrogen is a main limiting factor of agricultural 
production, and the most expensive element. In Madagascar, 
legume crops would be valuable for the nitrogen balance-
sheet of soil either in a pluriannual rotation on hills, or in 
a double-crop rotation on rice fi elds. But the introduction 
of some legumes has proved diffi cult in practice. Without 
the addition of nitrogen fertilizer, these plants grow slowly, 
give low yields, and show symptoms of nitrogen defi ciency. 
Address: 1. Laboratoire de Microbiologie des Sols (INRA, 
Dijon [France]); 2-3. Div. de Phytopathologie (IRAM, 

Tananarive [Madagascar]).

1641. Dénarié, J.; Andriamanantena, S.; Ramonjy, J. 1968. 
L’inoculation des légumineuses à Madagascar: Résultats 
de l’expérimentation de la campagne 1966-1967 [Legume 
inoculation in Madagascar. Results of fi eld trials in 1966-7]. 
Agronomie Tropicale (Paris, France) 23(9):925-66. Sept. [26 
ref. Fre; eng; spa]
• Summary: Soybeans, which are discussed throughout 
this article, were tested in mounds during the rainy season 
and in rice fi elds during the dry season. Inoculation is very 
important. Places tested: Lac Alaotra. Yields were small.
 From the English-language summary: “In tropical 
soils, which are generally poor in organic matter, nitrogen 
is a main limiting factor of agricultural production. It is 
economically the most expensive element. It is, therefore, 
easy to understand how interesting legume cultivation may 
be for developing countries.” Studies relating to inoculation 
and its use in arid or tropical areas is quite recent. The 
authors isolated a series of local Rhizobia strains from 
temperate and tropical legumes and carried out a series 
of inoculation trials in the fi eld. Application of nitrogen 
fertilizer inhibits nodulation, so inoculation is preferred 
whenever possible as it is less expensive in both the short 
and long run. Soybeans should be inoculated on all types 
of soil. Address: 1. Laboratoire de Microbiologie des Sols 
(INRA, Dijon, France); 2-3. Division de Phytopathologie 
(IRAM, Tananarive).

1642. Sellschop, J.P.F.; Niekerk, B.P. van; Le Roux, P.M.; 
Heenhop, C.H.; Lesch, S.F.; O’Connel, J.P. comps. 1968. 
The production and utilization of soya-beans on the farm and 
in the industries. South Africa, Department of Agricultural 
Technical Services, Leafl et No. 34. 12 p. Summarized in 
Rhodesia Agricultural Journal 66:46. [1 ref]
• Summary: Contents: Introduction. Climatic requirements. 
Characteristics of the soybean plant. Soil requirements. 
Fertilizers. Inoculation of the seed. Seed quality. Time 
and method of planting. Weed control. Harvesting. Yields. 
Storage of soybeans. Marketing and grading of soybeans: 
Grading, hay, silage. Diseases. Micro-element defi ciency 
conditions: Molybdenum, zinc, manganese, iron. Insects and 
their control. Soybeans and soybean meals as animal feeds. 
Address: Potchefstroom and Pretoria, South Africa.

1643. Bhaduri, P.N.; Sen, Ratna. 1968. Distribution patterns 
of nodules in Phaseolus species and Glycine max. Indian J. 
of Genetics and Plant Breeding 28(3):287-96. Nov. [38 ref]
• Summary: “The invasion, nodulation and fi xation of 
nitrogen by Rhizobium species depend largely on the specifi c 
relationship or compatibility that exist between the host plant 
and the bacteria. This relationship appears to be extremely 
complex and depends as much on genetic constitution of the 
host plant as also on that of the bacteria, and on distinctive 
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environmental factors including the rhizosphere (Fred, 
Baldwin and McCoy, 1932; Virtanen, 1947; Allen and Allen, 
1950; Thornton, 1952, 1954; Allen and Baldwin, 1954; 
Vincent, 1954, 1962; Nutman, 1956). Earlier, emphasis 
was given to variations between strains of bacteria in their 
ability to nodulate specifi c legumes. Later, Nutman (1946a) 
and Aughtry (1948) showed that host factors are equally 
important in deciding nodule formation.” Address: Dep. of 
Botany, Burdwan Univ., Burdwan, West Bengal, India.

1644. Klucas, Robert V.; Koch, B.; Russell, S.A.; Evans, H.J. 
1968. Purifi cation and some properties of the nitrogenase 
from soybean (Glycine max Merr.) nodules. Plant Physiology 
43(12):1906-12. Dec. [24 ref]
• Summary: “Abstract: The nitrogenase system in cell-free 
extracts of soybean nodule bacteroids was fractionated into 
2 components by use of protamine sulfate or polypropylene 
glycol precipitation followed by chromatography on DEAE-
cellulose. Iron and molybdenum were concentrated in 1 
fraction and iron in the other. Combination of fractions 
resulted in a striking stimulation in activity relative to 
the activity of individual fractions. The effect of different 
proportions of the 2 fractions on specifi c activities was 
studied. The ratios of the rates of reduction of acetylene 
and N2 by extracts or fractions of different purities were 
relatively constant. Extracts or fractions retained most 
of their nitrogenase activities when stored in liquid N2.” 
Address: Dep. of Botany and Plant Pathology, Oregon State 
Univ., Corvallis, Oregon 97331.

1645. Guzmán, I.; Dobereiner, J. 1968. Effect of Azotobacter 
chroococcum and tryptophan on the inoculation of soybean 
(Glycine max (L.) Merril) with Rhizobium japonicum. In: IV 
Reuniao lat.-am. Inoc. Legum., Porto Alegre. *

1646. Mascarenhas, H.A.A.; Miyasaka, S.; Weber, D.; 
Freire, E.S.; di Sordi, G.; Ruter, H.; Tango, J.S. 1968. 
Comportamento de variedades de soja cujas sementes foram 
inoculadas dom diferentes misturas de estirpes de Rhizobium,
em latossolo roxo do Estado do Sao Paulo [Behaviour of 
soybean varieties inoculated with different mixtures of 
Rhizobium strains in latosol soils of the state of Sao Paulo]. 
Bragantia 27(1):103-15. [2 ref. Por; eng]*
Address: Sec. Legum., Inst. Agron., Campinas, Brazil.

1647. Sundara Rao, W.V.B. 1968. Possibilities of using 
microorganisms as seed inoculants for increasing crop 
production. Proceedings of the National Academy of 
Sciences, India, Section A: Physical Sciences 38(3-4):513-
20. *
• Summary: Discusses: Rhizobium, Azotobacter, soybeans, 
groundnuts. Note: This is the earliest document seen that 
mentions Azotobacter in connection with soybeans.

1648. Zamfi rescu, N.; Nica, O. 1968. [Infl uence of nitrogen 
fertilizers on soybean production]. Lucrarile Stiintifi ce–
Institutul Agronomic “Nicolae Balcescu” (A) (Scientifi c 
Works–Agricultural Institute “Nicolae Balcescu,” Bucarest) 
11:99-110. Summary in Field Crop Abstracts 23(2):193 
(1970). [7 ref. Rom; eng; fre; rus]*
• Summary: If soybeans were inoculated with Rhizobium, 
seed yields were greatly increased when nitrogen fertilizers 
were applied 30 days after emergence.

1649. Territory of Papua and New Guinea, Department 
of Agriculture, Stock and Fisheries, Annual Report (Port 
Moresby). 1968. Division of Plant Industry. p. 31-130. For 
the year 1965-66. See p. 31, 67, 105, 111.
• Summary: Agriculture is the country’s main industry; 
agricultural exports contributed 86% of total export income 
in 1965-66. Coconut products were most important, followed 
by cocoa and coffee. This department is divided into four 
divisions: Animal Industry, Plant Industry; Extension and 
Marketing; and Fisheries; together with an Administrative 
Section (p. 1). A map (facing page) shows the Territory of 
Papua New Guinea and the surrounding islands that are part 
of it.
 In 1965 a soybean variety trial was conducted at 
Keravat (p. 67). Six varieties from Aiyura were planted 
from 6-11 August and compared. A table shows the results 
in descending order of yield (in lb/acre): C.N.S. (1,389). 
Glycine 317 (1,058). NG 4662 (1,050). Avoyelles (1,034). 
Batavian Yellow (954). Coral Sea (699). The table includes 
the moisture, fat, protein, and ash content of each variety.
 At Aiyura, all varieties were planted to maintain seed.
 The section on “Plant introduction and quarantine” 
contains a table (p. 105) showing that, among the oil crops, 2 
soybean varieties were introduced during 1965-66.
 Trials were conducted to test the effi ciency in nitrogen 
fi xation of Rhizobium strains on various tropical legumes, 
including Glycine max (soybeans) and Glycine javanica (p. 
111).

1650. Souza, D.I.A. de. 1969. Legume nodulation and 
nitrogen fi xation studies in Kenya. East African Agricultural 
and Forestry Journal 34(3):299-305. Jan. [12 ref]
• Summary: The soybean, a non-indigenous legume, must be 
inoculated with selected effective strains of bacteria, before 
it will nodulate. Address: National Agricultural Research 
Station, Kitale, Kenya.

1651. Indian Council of Agricultural Research. 1969. 
Proceedings of the Second Workshop Conference on 
Soybean. New Delhi, India: ICAR. 11 p. Held 12-13 Feb. 
1969 at the Indian Agricultural Research Institute, New 
Delhi.
• Summary: Mostly about soybean production, cultural 
practices, breeding, and plant protection. Address: Indian 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   718

© Copyright Soyinfo Center 2018

Agricultural and Research Inst., New Delhi.

1652. Bergersen, F.J. 1969. Nitrogen fi xation in legume root 
nodules: biochemical studies with soybean. Proceedings of 
the Royal Society of London, Series B: Biological Sciences 
172(1029):401-16. April 1. [44 ref]
• Summary: “Abstract: It is now clear from studies with 
soybean root nodules that the nitrogen fi xing activity 
resides in the bacteroids which are the symbiotic form 
of the root nodule bacteria. These develop as a result of 
a complex series of changes in metabolism and structure 
which occur in the bacteria during the fi nal stages of growth 
within membrane-enclosed vesicles in the host cytoplasm.” 
Address: Div. of Plant Industry, Commonwealth Scientifi c 
and Industrial Research Organization [CSIRO], Canberra 
(Australia).

1653. Barriga S., Celio; Sifuentes, J.A. 1969. El cultivo de la 
soya, en el Noroeste [Soybean production in the northwest. 
2nd ed.]. Circular CIANO No. 39. 15 p. April. (Instituto 
Nacional de Investigaciones Agricolas–SAG, Mexico City, 
Mexico). First published in March 1963. [Spa]
• Summary: Contents: Use well adapted varieties. Prepare 
the soil well. Plant seeds on the recommended date. Inoculate 
the seeds. Fertilize the fi elds adequately. Sow an adequate 
quantity of seed. The work of cultivation. Diseases of the 
soybean. Fight pests on time. Avoid losses in the harvest. 
On the cover is a color photo of a yellow soybean against a 
reddish-orange background. Address: Instituto Nacional de 
Investigaciones Agricolas, SAG.

1654. Dougherty, Charles T. 1969. The infl uence of 
irrigation, row spacing, plant population, and inoculation 
on the yield of soybeans in Canterbury. New Zealand J. of 
Agricultural Research 12(2):367-80. May. [16 ref]
• Summary: Harosoy and Chippewa soybean were grown at 
Canterbury in 1966-67. Higher yields were obtained from 
soybeans grown in rows 20 inches apart at populations of 
110,000 plants/acre than from those grown in rows 40 inches 
apart with 60,000 plants/acre. Irrigation and inoculation did 
not increase seed yield.
 Low temperatures during the growing season were 
considered to be the major limitation to soybean growth, 
and as a result the responses to irrigation and inoculation 
were small. Address: Plant Science Dep., Lincoln College, 
Canterbury, New Zealand.

1655. British Solomon Islands Protectorate, Department of 
Agriculture, Annual Report. 1969. Marketing. Research and 
special projects. For the year 1968. Aug. See p. 3, 9.
• Summary: In Section IV, titled “Marketing,” under “Other 
produce” (p. 3) states: “19... soyabeans were sold both 
locally for pig food and overseas.”
 Section VIII, “Research and special projects,” under 

“Rice investigations” (p. 9) states: “96. Yields, bean size 
and oil content of the locally produced soyabeans have been 
disappointing.” Use of urea, sulphur, and inoculant treatment 
increased yields by 94% over the control.

1656. Guzmán, Iván; Dobereiner, Johanna. 1969. [Effect of 
Azotobacter chroococcum and tryptophan on the inoculation 
of soy bean (Glycine max) with Rhizobium japonicum]. 
Revista Latinoamericana de Microbiologia y Parasitologia 
11(3):133-36. July/Sept. [14 ref. Eng; spa]
• Summary: This study, which was a greenhouse experiment 
with factorial design, found highly signifi cant differences 
in nodule numbers, nodule weight, plant weight, nitrogen 
content and total plant nitrogen due to inoculation with 
differently effective strains of Rhizobium bacteria. It also 
found a signifi cant increase in nodule weight, plant weight, 
and total plant nitrogen with Azotobacter bacteria. Both 
types of bacteria, when in the root nodules of legumes, fi x 
atmospheric nitrogen in the soil.
 Tryptophan did not have any signifi cant effect, probably 
because of its rapid decomposition in the non-sterile 
sand. Address: 1. Assoc. Prof. of Soil Microbiology and 
Phytopathology of the Universidad Autónoma de Santo 
Domingo, Dominican Republic; 2. Engenheiro Agrônomo do 
Instituto de Pesquisas e Experimentaçáo Agropecuárias do 
Centro Sul e bolsista do Conselho Nacional de Pesquisas.

1657. Guzmán, Ivan; Dobereiner, Johanna. 1969. Effect of 
Azotobacter chroococcum and tryptophan on the inoculation 
of soybean (Glycine max (L.) Merril) with Rhizobium 
japonicum. Revista Latinoamericana de Microbiologia y 
Parasitologia (Mexico) 11(3):133-36. July/Sept. [14 ref. 
Eng; por]
• Summary: The experiments were conducted with a 
factorial design in a greenhouse. “Besides highly signifi cant 
differences in nodule numbers, nodule weight, plant 
weight, nitrogen content, and total plant nitrogen, due to 
inoculation with differently effective Rhizobium strains, a 
signifi cant increase of nodule weight, plant weight and total 
plant nitrogen was observed in the Azotobacter inoculated 
treatments. As this effect did not become apparent in nodule 
numbers it was suggested that biologically active substances 
acted upon growth but not upon nodule initiation.
 “The effect of Azotobacter on nodule weight and the 
strong dependence of nitrogen fi xation on nodule weight 
(r = 0.86 and 0.97, in the regression of total plant nitrogen 
with nodule weight), indicate that the effect of Azotobacter 
inoculation on total plant nitrogen was due to the stimulation 
of nodule growth by growth substances but not, as might be 
expected, to non-symbiotic nitrogen fi xation.
 “Tryptophan did not have signifi cant effect probably due 
to its fast decomposition in the non-sterile sand.” Address: 
1. Assoc. Prof. of Soil Microbiology and Phytopathology of 
the Universidad Autonoma de Santo Domingo, Dominican 
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Republic; 2. Engenheiro Agronomo do Instituto de Pesquisas 
e Experimentacao Agropecuarias do Centro Sul e bolsista do 
Conselho Nacional de Pesquisas [Brazil].

1658. Hill, G.D. 1969. Soy bean yields in the lowlands of 
New Guinea. Papua and New Guinea Agricultural Journal 
21(2):23-24. Sept. [2 ref]
• Summary: For many years, farmers in the Markham 
Valley of New Guinea have been seeking a suitable crop 
to incorporate into a rotation or to replace peanuts in the 
monoculture practiced on most farms. In 1964, two trials in 
the Markham Valley, designed to assess soy bean varieties in 
the wet lowlands, failed due to poor seed germination.
 The following trial was conducted in 1968 in the wet 
lowlands at Bubia near Lae. Four varieties (obtained from 
Aiyura in Aug. 1968, inoculated with Rhizobium strain 
CB 1809, and planted on Nov. 7) were tested: NG 4661 
Batavian Yellow, NG 4662, SHE 30, and Mission. The fi rst 
three varieties yielded more than 1,500 lb/acre of soy beans. 
Address: Formerly: Agronomist, Dep. of Agriculture, Stock 
and Fisheries, Bubia, via Lae, Papua New Guinea. Presently 
Dep. of Agronomy, Univ. of Western Australia, Nedlands, 
W.A. 6009.

1659. Hinson, Kuell. 1969. Alternatives to seed-packet 
inoculation of soybeans with Rhizobium japonicum. 
Agronomy Journal 61(5):683-86. Sept/Oct. [9 ref]
• Summary: “In one method, inoculant mixed with moist 
builders sand was drilled in rows before planting. When 
applied at 10 times the recommended rate (10x), it produced 
63 and 78% as many nodules as 10x and 1x seed inoculation, 
respectively. Nodulation was essentially equal at placement 
depths of 4 and 6.5 cm.” Address: Geneticist, Crops Research 
Div., ARS, USDA, Gainesville, Florida 32601. Cooperative 
investigations of the Crops Research Division, Agricultural 
Research Service, U.S. Department of Agriculture, and the 
Florida Agricultural Experiment Station. Publication No. 545 
of the U.S. Regional Soybean Laboratory.

1660. Jethmalani, S.C.; Minor, Harry C.; Tiwari, K.L.; 
Motiramani, D.P. 1969. Soybean cultivation: Package of 
practices. Indian Farming 19(6):17-18, 33. Sept. Series 2.
• Summary: In 1963 soybean research was initiated at 
Jawaharlal Nehru Krishi Vishwa Vidyalaya, at Jabalpur, 
India, by growing soybeans imported from the United States. 
The yields did not exceed 1,300 kg / ha.
 Several experiments from 1968 are then described: 
(1) Fertility-inoculum experiment. (2) Rate of inoculum 
experiment. (3) Micronutrient experiment. (4) Planting date, 
spacing and plant population experiment. Plant population 
showed great infl uence on yield. (5) Weedicide [herbicide] 
experiment. Five weedicides (Trefl an, Vernam, Tok E-25, 
Eptam, and CP 50144) were used at three different levels. 
Other treatments were no weeding (control) and weed-free 

conditions maintained by manual labor (two weedings). 
Weed control by manual labor gave the highest yield.
 The conclusion states concisely the package of practices: 
1. Variety: Bragg. 2. Time of planting: Immediately after the 
monsoons. 3. Fertilization (fertilizers): Gives NPK levels 
with and without inoculation. 4. Rate of inoculum: 250 gm 
per ha. 5. Row spacing: 45-60 cm between rows. 6. Plant 
population: Approximately 4 lakh (1 lakh = 100,000) plants 
per ha. 7. Weed control: Keep weeds controlled until the crop 
is 1 month old. Address: Jawaharlal Nehru Krishi Vishwa 
Vidyalaya, Jabalpur, MP, India.

1661. Ho, Ping-ti. 1969. The loess and the origin of Chinese 
agriculture. American Historical Review 75(1):1-36. Oct. See 
p. 28-30, 35. [105* ref]
• Summary:  See next page. The fi rst well-defi ned Neolithic 
culture in China is the Yang-shao culture, which seems to 
have emerged in the fi fth millennium B.C., possibly even 
earlier. The loess highland, a semi-arid steppe far west of the 
great fl ood plain of the Yellow River, was the cradle of this 
culture, which practiced dryland farming almost exclusively. 
Irrigation was not introduced until about 500 B.C., which is 
relatively late.
 Today there is little doubt that the cradle of Chinese 
civilization lies in the area around Anyang, in Henan 
province, directly south of today’s Beijing.
 The language and disciplinary barriers are so great that 
the vast body of Chinese literature concerning food plants 
has been little known to Western scientists and seldom 
systematically used by Chinese botanists. Of all the early 
Chinese literary works, The Book of Odes (Shih-ching) 
contains by far the most extensive botanical records. This 
highly authentic work illuminates the life of the Chinese 
from the late 11th century B.C. to the middle of the 6th 
century B.C. This anthology of 305 songs and odes, collected 
from the Chou royal domain and the feudal states, mentions 
150 plants, which is more than the number of plants 
mentioned by the ancient Egyptians. The area covered by 
The Book of Odes is a large circle directly south of Peking.

Panicum miliaceum was the most important source of 
food for the ancient Chinese. Millets began to be cultivated 
by the proto-Chinese in the fi fth millennium B.C. if not 
earlier. These millets grow well in dry areas and were 
probably not irrigated. Rice culture (probably non-irrigated) 
probably started about 3,000 B.C., but rice may have been 
cultivated in the lower Han River area in the late fourth 
millennium B.C.; like wheat, it was consumed by the ruling 
classes on ceremonial occasions only.
 In early Chinese agriculture, unlike other ancient 
agricultural systems of the Old World, there was a 
conspicuous absence of leguminous plants rich in protein. 
No trace of legumes has been found in any Neolithic site 
in North China or in records of Shang oracles (pre 1300 
B.C.). Not until the Chou dynasty did the soybean appear 
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simultaneously in bronze inscriptions and The Book of Odes.
 There is little doubt that the soybean is indigenous 
to China. According to extensive fi eld observations by 
Chinese botanists Sun and Keng, wild varieties of soybeans 
are found in many parts of China, including the loess 
highland. However they are concentrated mostly in the 
eastern provinces north of the Yangtze River. The soybean 
has the lowest “effi ciency of transpiration” of any common 
food plant; it requires a large amount of water to produce a 
given amount of solid matter (excluding root), and a long 
growing season. The soybean was probably not native to the 
semiarid loess highland; more likely it was fi rst domesticated 
in the low plains of North China. It “was probably fi rst 
domesticated in the eastern half of North China, probably 
not much earlier than the eleventh century B.C. By Chou 
times the peculiar nitrogen-bearing nodules of the root of 
the soybean plant had apparently been well observed by 
peasants and by those learned men who enlarged the Chinese 
vocabulary. Unlike the early Chinese logographs [characters] 
for other cereal plants, which emphasize the stem and leaves, 
the emphasis of the new character shu (soybean) was on the 
nodules of its root. Since the numeral three symbolizes many, 
the three elongated dots at the lower half of the character 
pictographically represents the root’s bulging nodules caused 
by rhizobium” (Hu Tao-ching 1963). The character shu is 
shown at fi ve stages in its evolution. 
 “The effect of the domestication of the soybean on 
Chinese agriculture and on the ancient Chinese cannot be 
exaggerated. At long last, the Chou Chinese had found a food 
plant that, instead of causing soil exhaustion, actually helped 
greatly to preserve and enhance the fertility of the soil. The 
soybean supplied all classes of the population with cheaper 
and more abundant protein and also with an important source 
for oil, although the art of extracting oil was as yet unknown. 
Not until the soybean was domesticated did the ancient 
Chinese cropping system become well balanced. Once the 
benefi ts of the soybean became known, its subsequent was 
fairly rapid. The various works written or compiled during 
the fourth and third centuries B.C. usually mention the 
soybean and millets as the two most important sources of 
food.”
 The word “loess” (derived from the German Löss and 
fi rst used in English in 1833) is an unstratifi ed usually buff 

to yellowish brown loamy deposit found 
in Asia, Europe, and North America, and 
believed to be chiefl y deposited by the 
wind. Address: Dep. of History, Univ. of 
Chicago, Illinois.

1662. Soybean Digest. 1969. Yield almost 
50-bu. in Australia! Oct. p. 13.
• Summary: According to the Sydney 
Herald an Australian soybean yield 
record of 48.6 bu/acre was harvested on 
John Bligh’s Anchorfi eld research station 

[farm] at Brookstead, Queensland. The crop was harvested 
in early July. The average yield from Bligh’s entire 450-acre 
crop was expected to be 40 bu/acre. It was grown under 
irrigation but without fertilizer. Next December Mr. Bligh 
plans to plant 2,000 acres with fertilizer and irrigation. He 
made 3 trips to the U.S. to select seed. “Irrigation did little 
good until the problem of establishing the proper inoculants 
in Anchorfi eld’s alkaline soils was solved.” A photo shows 
Bligh.

1663. Holsheimer, J. 1969. Experimental growing and 
bulking of rice, soyabeans, sorghum, and cotton. British 
Solomon Islands Protectorate, Department of Agriculture, 
Rice Report (Honiara) 17 p. For the Second crop 1968. 
April/Dec. See p. 2-3, Appendix I and II.
• Summary: The section titled “Soyabeans” (p. 2) notes that 
some 132 observation plots were planted. Each soyabean 
variety was planted twice. 24 varieties had been planted 
previously and 42 varieties had been recently imported from 
Zambia, Southern Rhodesia, and Fiji. The seed of many of 
the newly introduced varieties had a low germination rate. 
The varieties that gave the best yields are listed. Only one 
(Wilson Black) has a name; the others are designated by 
initials or numbers. The yields are not given.
 The next section titled “Fertilizer trials” (p. 2) begins: 
“Yields, bean size, and oil content of the locally produced 
soyabeans have been disappointing. Private enterprise has 
found the growing of soyabeans to be uneconomical and 
has ceased growing them. It was thought that with improved 
cultural methods, yields and quality may be improved.”
 Experiment II was conducted on land at Okea. Urea (200 
lb/acre) and elemental sulphur (100 lb/acre) were applied and 
not applied. The variety was Light Speckled. Soybeans were 
inoculated or not. The highest yield (2,744 lb/acre or 45.7 
bushels/acre) came from inoculated soybeans with the urea + 
sulphur treatment. These results were considered excellent.
 Appendix I, titled “Soyabean observation plots I and II” 
has 126 entries and one column for each of the following: 
No. CSIRO No. Name [of variety] (incl. HLS, Seminole, 
Wilson Black, Yellow Kedele, CNS, Hernon, Palmetto, 
Sangalo, Hood, Hill, Gedulo, Hardee, Yellow Avoyelles, 
Halesog, Pelican). Origin (Tanganyika, Israel, Sudan, Congo, 
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Southern Rhodesia, British Honduras). Planting date. Bean 
color. Time to maturity in days. Plant length in inches. 
Pods off the ground in inches. Lodging. Shedding leaves. 
Shattering. Yield (lbs per acre). Ripening. Remarks (esp. 
poor germination).
 Appendix II, titled “Soyabean observation plots III 
and IV” has 110 entries and the same column headings. All 
came from Tanzania. Address: Agricultural Offi cer, Rice 
Experiments.

1664. Rollier, M.; Ferrif, -; Pierre, -. 1969. Le soja: 
Experimentation 1966-1968 (suite et fi n) [The soybean: 
Experimentation 1966-1968 (continued and end)]. 
Informations Techniques CETIOM No. 19. p. 13-36. 4th 
trimester. [Fre]
• Summary: Contents: 3. Cultural techniques: Inoculation, 
cultivation of weeded soybeans, weed control (desherbage) 
and herbicides (trifl uraline, chlorambene, linuron, metachlor, 
Ramrod, BV 201), mechanization of cultivation. 4. 
Economic aspects of soybean cultivation.

1665. Sloger, Charles. 1969. Symbiotic effectiveness 
and N2 fi xation in nodulated soybean. Plant Physiology 
44(12):1666-68. Dec. [12 ref]
• Summary: “The acetylene reduction assay permitted a 
rapid estimation of the N2 fi xing effi ciency of soybean-
Rhizobium associations. Using this assay one could detect 
the more effective host-strain associations based upon 
nitrogenase activity. Selecting more effi cient N2 fi xing 
associations should yield greater production by soybeans.
 “In this study, the data suggest that the interaction of 
R. japonicum and soybean genotypes directly or indirectly 
controls the N2 fi xing activity, which initiates a particular 
growth response in the plants. The regulation of nitrogenase 
activity by soybean-Rhizobium interaction is currently 
being investigated.” Address: Crops Research Division, 
Agricultural Research Service, USDA, Beltsville, Maryland 
20705.

1666. Crawford, Johnny Lee. 1969. A study of microfl ora 
in the rhizosphere and geocarposphere of peanut, (Arachis 
hypogaea L.). PhD thesis, University of Georgia, Athens. 
100 + vii p. *

1667. Goepfert, C.T.; Freire, J.R.J. 1969. Efeito da calagem 
e do fosforo em soja [Effect of liming and phosphorus on 
soybean]. In: Anais do XII Congresso Brasileiro de Ciencia 
do Solo. Curitiba *

1668. Bhaduri, P.N.; Sen, R.; Lahiri, K.; Kabi, M. 1969. 
Differential competition among strains of Rhizobium 
japonicum for nodule sites on soybean. Progress Report of 
the PL-480 scheme. *
Address: Dep. of Botany, Univ. of Burdwan, Burdwan, India.

1669. Kwon, Shin Han. 1969. Soybeans and soybean 
products in Vietnam. Saigon: Republic of Vietnam: Ministry 
of Land Reform and Development of Agriculture and 
Fisheries, Agricultural Research Inst. (Saigon). 113 p. 28 cm. 
[60 ref. Eng]
• Summary: Contents: Map of South Vietnam showing 
all provinces and their names. Preface, by the author. 1. 
Introduction: History of soybean, production and trade in the 
world and in Vietnam, utilization of soybean (uses, nutritive 
value of the soybean). 2. Botany of the soybean plant: Seed, 
stem and pubescence, leaves, fl ower parts, root and nodule 
bacteria, genetics. 3. Ecological requirement: Germination, 
temperature, rainfall, day length, soil. 4. Cultivation and 
storage: Planting (land preparation, depth of seeding, 
methods of seeding, rate of seeding, time of seeding, 
rotation, erosion), fertilizer (manure, nodule bacteria, 
nitrogen, phosphorus, calcium, potash, molybdenum, 
application), insects (maggot fl y, soybean insects found in 
Vietnam, control), diseases (root disease, foliage disease, 
seed disease), weed control, harvesting and threshing 
(harvesting time, methods of harvesting, drying). 5. Variety 
improvement: Aims of improvement (high yielding variety, 
disease resistance, insect resistance, day length, varieties 
tolerant to unfavorable soil conditions, seed size, seed color, 
oil and protein content in seed, palatability), introduction 
method, pure line selection method, breeding method 
(making the cross, pedigree method, bulk method), regional 
trials, variety purifi cation and multiplication (breeder’s seed, 
foundation seed, stock seed, extension seed, maintenance). 6. 
Seed certifi cation standard. 7. Bibliography.
 The author thanks for their help: Dr. Thai-Cong-Tung, 
Director of the Agriculture Research Institute, and Mr. 
Nguyen-Huu-Quyen, Manager of Eakmat Experiment 
Station.
 “The history of soybean in Vietnam is meager, but 
the references by Loureiro (1790) and Rumphius (1747) 
mentioned the cultivation of soybean in Malaysia and 
Vietnam. Harmand (1877) collected wild soybean (Glycine 
laotica) in the Hue and Bassac areas, and the herbariums 
[herbarium specimens] are still available at the Agricultural 
Research Institute, Ministry of Agriculture, Vietnam.” Since 
the history of Vietnam is closely related to that of China, it 
seems likely that the soybean has been cultivated for many 
centuries in what is today Vietnam (p. 1).
 In Vietnam, the soybean is still not a very familiar 
crop to the majority of farmers. Although the acreage has 
gradually increased since 1958, production had not yet 
reached 10,000 tons by 1967. According to the Agricultural 
Statistics Yearbook of Vietnam, in 1966 in South Vietnam, 
total soybean acreage was 6,610 hectares and production 
was 7,585 metric tons, or 1.148 tonnes/ha (p. 7). The main 
soybean producing provinces are all in the southern half of 
South Vietnam: Long-Khanh (40% of total South Vietnamese 
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acreage), An-Giang (20.4%), Chau-Doc, Kien-Phong, and 
Binh-Dinh (5%). In 1963 some 1,440 tones of soybeans were 
imported and in 1966 some 100 tonnes were exported (p. 6).
 Table 4 shows an estimate of the costs and returns per 
hectare of growing soybeans at the Eakmat Agricultural 
Experiment Station in Ban-Me-Thuot in 1968. The net 
income or profi t from one hectare was about VN$26,000, 
which is larger than for any other fi eld crops, including: 
cassava (VN$22,766), mung beans ($20,267), sweet potatoes 
($19,269), upland rice ($6,828), corn ($6,569), and peanuts 
(VN$5,100).
 Uses: “In Vietnam, the soybean is not commonly used in 
daily food, but a number of foods such as soysauce, tuong [a 
soft kind of miso resembling Chinese chiang in consistency, 
and sold in crocks], bean curd, vermicelli, soymilk, soybean 
wine, chao [fermented tofu, sold in bottles], soybean 
oil, [soy] bean sprouts, and green pods [green vegetable 
soybeans] are available in the market and they are gradually 
becoming popular among Vietnamese.
 Note: This is the 2nd earliest English-language 
document seen (Oct. 2011) that uses the word “chao” to refer 
to fermented tofu.
 Photos (p. 11-12) show: (3) Bean sprouts and cooked 
beans with tomato sauce. (4) A shop that sells soybean 
products in a Saigon market. Soybean paste [tuong] is in big 
jars, chao [fermented tofu] is in bottles in front, and bean 
curds [tofu] are in the front left corner. (5) A Vietnamese 
girl frying bean curds in the market. (6) Bottles with labels 
showing various kinds of soy sauces made in Vietnam.
 The highest yielding soybean varieties in Vietnam are 
presently Palmetto and E-32. In trials, they yield about 1 
tonne per hectare. Address: FAO Agricultural Offi cer. Phone: 
Saigon 91.746.

1670. Rensburgh, H. Jansen van; Strijdom, B.W. 1969. 
Strains of Rhizobium japonicum and inoculant production in 
South Africa. Phytophylactica (South Africa) 1(3-4):201-04. 
[18 ref. Eng; afr; fre]
• Summary: “Seeds of each of three soybean cultivars in 
sterilized sand were inoculated with varying numbers of 
Rhizobium japonicum bacteria. No signifi cant differences 
were obtained in plant response to inoculation with 10 to 
100 cells per ml and to inoculation with 100 million cells 
per ml. Of six effective R. japonicum strains present in equal 
numbers in an inoculant, three produced nodules on plants of 
one or more of three soybean cultivars; the other three strains 
practically failed to nodulate any of the soybean cultivars. 
The results indicate a selective competition for nodule sites 
among the three strains which produced nodules on the three 
cultivars.”
 The three cultivars which were nodulated were Hill, 
Masterpiece, and Geduld. Address: Plant Protection Research 
Inst., Pretoria, South Arica.

1671. Singh, J.N.; Saxena, M.C. 1969. Soybean at Pantnagar. 
Uttar Pradesh Agricultural Experiment Station, Technical 
Bulletin No. 6. 104 p. 27 cm.
• Summary: Contents: 1. Introduction. 2. Research work 
up to 1966. 3. Research work during 1967-68 (Varietal 
improvement work, agronomical work, microbiological 
work, soybean diseases in the Tarai, entomological work, 
machinery for soybean, cost and returns and market potential 
of soybean). 4. Package of practices for soybean cultivation 
in northern India. 5. List of fi rms interested in purchase of 
soybean (Incl. Gosthes Soy Products, 12/1 Goocuil Lane, 
Calcutta 12).
 Note: The section on history is taken largely, and 
without credit, from Saxena, Bhatnagar, Hymowitz and 
Pandey (1967) “A Cash Crop of High Potential.”

1672. Caldwell, B.E.; Vest, Grant. 1970. Effects of 
Rhizobium japonicum strains on soybean yields. Crop 
Science 10(1):19-21. Jan/Feb. [24 ref]
• Summary: “Soybean varieties... were inoculated with 
28 strains and two commercial preparations of Rhizobium 
japonicum. The effect of each strain on the yield of fi ve 
varieties was evaluated and signifi cant yield differences 
were found associated with certain strains. Four different 
environments were studied and in three of the environments, 
which were free of R. japonicum, a signifi cant strain x year 
interaction was observed. No signifi cant strain x variety 
interactions were indicated. Only 5 to 10% of the nodules 
on plants grown in a fi eld with an established R. japonicum 
population were derived from the inoculum introduced into 
the soil on the seed.”
 Table 1 gives “Rankings and mean rankings of 
yield performance of soybean varieties inoculated with 
R. japonicum strains 1964-1966.” Address: Research 
Agronomist and Plant Pathologist, Crops Research Division, 
Agricultural Research Service, USDA, Beltsville, Maryland.

1673. Vest, Grant. 1970. Rj3–a gene conditioning ineffective 
inoculation in soybean. Crop Science 10(1):34-35. Jan/Feb. 
[5 ref]
• Summary: “Ineffective nodulation in soybeans... 
inoculated with Rhizobium japonicum strain 33 was found 
to be controlled by a single dominant gene which has been 
designated Rj3.”
 “Two genes that condition nodulation response of 
soybean... have been reported (1, 5). The recessive gene rj1 
(2), formerly designated no (5), conditions a non-nodulating 
response of soybean roots with all strains of Rhizobium 
japonicum. The dominant gene Rj2 conditions an ineffective 
nodulation reaction by soybean to R. japonicum strains of 
the 3-24-44 (cl) and 122 serogroups (1).” Address: Research 
Plant Pathologist, Crops Research Div., ARS, USDA, 
Beltsville, Maryland.
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1674. Jeffers, D.L.; Mederski, H.J.; Miller, R.H.; et al. 1970. 
Attacking soybean production problems. Ohio Report on 
Research and Development 55(1):3-10. Jan/Feb.
• Summary: Contents: Developing and testing new varieties 
(Disoy, Magna, Prize, Amsoy, Corsoy, Beeson, Calland, 
Cutler, Provar). Soybean inoculation. Use of water and 
sunlight. Weed control in soybeans. Soybeans in crop 
rotations. Fertilizer for soybeans. Contains 13 tables and 
many photos. Address: Dep. of Agronomy research faculty, 
Wooster, Ohio.

1675. Kalo Inoculant Co. 1970. 22 of 29 national soybean 
contest winners prove Kalo best! (Ad). Soybean Digest. 
April. p. 24.
• Summary: This full page ad gives the name, city, state, 
and yield of one national champion soybean grower (George 
Kimmons, Ozark, Missouri. Yield: 109.64 bu/a), two region 
champions, and 19 area champions. The text on the bottom 
half of the page reads:
 “It’s true! In the third national soybean growing contest 
sponsored by Elanco Products Company, 22 out of the 29 
winners inoculated their winning crops with Kalo. And this 
includes everyone who produced over 90 bushels per acre! 
In fact, in every soybean growing area of the country, Kalo 
inoculants are used by more top soybean growers because 
they know they cannot depend on inoculation from carryover 
bacteria.
 “Why Inoculate Where Plants Already Produce 
Nodules? ‘Data show that the more effective strains of 
legume bacteria can increase the yield or protein content 
of legumes as much as 20 percent on the average over the 
natural legume bacteria in the soil. (USDA Farmers’ Bulletin 
No. 2003)
 “Know Your Nodules! It’s now well established–root 
nodules on soybean plants do not necessarily guarantee 
the effective nitrogen fi xation necessary for maximum 
yields. Some nodulation can even mean decreased yields. 
A university study of 100 soybean fi elds showed that only 
25% of the nitrogen-fi xing bacteria in the soil proved to be 
effective; 50% only average; and the rest poor or ineffective. 
To Be Sure–Inoculate.
 “Maximum Inoculation: Kalo research blends strains 
of bacteria specially selected for maximum nitrogen-fi xing 
capability into a special formula which insures maximum 
inoculation in all soils and growing conditions. It sticks!
 “Effective Nodulation with Kalo Noctin and 
Molynoctin: Kalo inoculants are produced by an exclusive 
patented micro-drying process which provides * more live 
bacteria per seed at planting * excellent seed adherence 
* resistance to droughty soil * germination with the seed 
* exclusive carrier that lubricates the planter plate. Kalo 
Noctin–the improved inoculant for all legumes. Kalo 
Molynoctin–the only combination of soybean inoculant and 
molybdenum seed treatment in one package... with more 

molybdenum than any other seed treatment. Ask your dealer 
for complete details.” Address: Quincy, Illinois.

1676. IRAT-RCA (Republique Centrafricaine). 1970. 
Soja: Généralités, variétiés [Soja: General information and 
varieties]. IRAT-Republique Centrafricaine, Rapport Annuel 
For the year 1969. Vol. II. Phytotechnie. p. 24-31. [Fre]
• Summary: IRAT stands for Institut de Recherches 
Agronomiques Tropicales (Tropical Institute of Agronomic 
Research). This is a summary of results obtained during 
previous years. Page 24 states: “The soybean is not well 
known in the Central African Republic [CAR]. Since 1963, 
two varieties, San-Kuo and Palmetto have been propagated 
at the Grimari station. The seeds were planted in May and 
August of each year on the multiplication plots on centers 
of 40 by 15 cm, at the rate of 80 kg of seed per hectare, with 
40 kg of di-calcium phosphate and 60 kg of ammoniated 
phosphate fertilizer. The yields remained low, about 500 kg/
ha. The only disposal of this production was the consumption 
by the troop at the station and by infant center (Centre 
d’élevage) at Bambari. In the zone of Agoudou Manga in 
1968 some commercial planters undertook the cultivation of 
soybeans, but this operation was not continued.
 In 1967 the Ministry of Development, considering the 
soybean to be a nitrogen source for the feeding of animals, 
requested that IRAT start experimentation again. The goal 
was to fi nd a variety superior to Palmetto and San Kuo, and 
to fi nd the best cultivation techniques, especially inoculation 
with soil bacteria. A list shows the 81 soybean varieties that 
were introduced to the CAR, including 54 from the USA, 
3 from Brazil, 7 from Australia, 8 from Ecuador, 4 from 
Malaysia, 2 from South Africa, and 1 each from Taiwan, 
Nigeria, and Pakistan.
 This collection of varieties was planted late, on June 13. 
In 1961, they were planted on May 11, and again on Oct. 29. 
By 1969 it was clear that the black-seeded variety Avoyelles 
(from Australia) gave the highest yields, the mean being 
1,18 kg/ha. Other interesting varieties were Wilson Black, 
Palmetto, and San-Kuo. Table 8 shows the characteristics of 
each variety and Table 9 shows that the yield of Avoyelles 
could be increased to 1,519 kg/ha by inoculation and the use 
of fertilizers.
 Note: This is the 2nd earliest document seen (Aug. 
2009) concerning the cultivation of soybeans in the Central 
African Republic.
 This document contains the 2nd earliest date seen for 
the cultivation of soybeans in the Central African Republic 
(1963). Address: Central African Republic.

1677. Wilson, J.R. 1970. Response to salinity in Glycine. 
VI. Some effects of a range of short-term salt stresses on the 
growth, nodulation, and nitrogen fi xation of Glycine wightii 
(formerly javanica). Australian J. of Agricultural Research 
21(4):571-82. July. [27 ref]
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• Summary: Glycine wightii (formerly named Glycine 
javanica) is used in Australia as a pasture legume, but 
it has diffi culty thriving on saline soils. When well-
nodulated plants were subjected to a salinity treatment, the 
development of new nodules, and nitrogen fi xation by the 
existing nodules, were greatly inhibited, with a resulting 
marked decline in plant nitrogen concentration. Soy is not 
mentioned. Address: Div. of Tropical Pastures, CSIRO, 
Cunningham Lab., St. Lucia, Qld. 4067 [Australia].

1678. Koch, Burton; Wong, P.; Russell, S.A.; Howard, R.; 
Evans, H.J. 1970. Purifi cation and some properties of a non-
haem iron protein from the bacteroids of soya-bean (Glycine 
max Merr) nodules. Biochemical Journal 118(5):773-81. 
Aug. [30 ref]
• Summary: “A non-haem iron protein was isolated from 
an extract of soya-bean nodule bacteroids by a procedure 
including protamine sulphate and heat precipitation followed 
by chromatography on DEAE-cellulose. The purifi ed protein 
contains non-haem iron and acid-labile sulphur and exhibits 
a spectrum with a rather broad absorption shoulder in the 
region 380-440nm and a more prominent peak at 280nm.”
 Note: “nm” stands for nanometer = one billionth of a 
meter. Address: Depts. of Botany and Plant Pathology, and 
Biochemistry and Biophysics, Oregon State Univ., Corvallis, 
OR 97331.

1679. Wing, David G. 1970. My 60 years with soybeans, 
“pleasant and profi table.” Soybean Digest. Aug. p. 46-47.
• Summary: This brief history tells how David Wing has 
grown up with the soybean and the American Soybean 
Association in America. About 60 years ago, in about 1910, 
his father and uncle planted a fi eld of Ito San soybeans in 
Ohio. David and a hired man harvested the crop by cutting 
the plants off with a sharp hoe and shocking them in piles 
with a pitchfork. Later they were run through a grain 
separator and sold for seed.
 Since there were no commercial inoculants at the time, 
David would sack up top soil from the same fi eld where 
the soybeans had grown, lift the bags onto an old spring 
wagon, haul them to the express offi ce, and ship them to 
new growers who wished to ensure the success of their fi rst 
attempt at soybeans by growing them in inoculated soil.
 The Wing family also raised Mikado and Mongol 
soybean varieties, which were used for hay.
 “There were soybeans on Woodland Farm off and on for 
the next 20 years, but no progress was made until we got a 
combine and the elevators began to handle the beans for the 
processors.”
 “The American Soybean Association was 20 years old 
when I became president in 1941. It was organized in 1920, 
but for 20 years it was run by various extension agents 
and agronomy heads form the Cornbelt universities. These 
men did a fi ne job of promotion, so by 1940 when Glen G. 

McIlroy of Farm Management Inc., Irwin, Ohio, became 
president we were ready to hire a secretary and branch out as 
a farm organization.
 “The Ford Motor Co. at Dearborn, Michigan, entertained 
us that year. Henry Ford had been working on soybean 
plastics and textile fi bers, since there was then a surplus of 
soybean meal. Today this surplus is diffi cult to imagine, but 
at that meeting one speaker even suggested that soy plastics 
could be used for window frames and table tops!
 “It was at this Dearborn convention in 1940 that we 
hired George Strayer as executive secretary of the American 
Soybean Assn., and it was due in part to his work and 
devotion that we have developed into our present worldwide 
organization.
 “I notice in the Soybean Digest that A. E. Staley, 
founder of the Staley Co., died that same year. He was the 
fi rst processor to really push soybeans. Expansion came 
along very fast. The Baltimore & Ohio Railroad sponsored a 
special train that traveled through Ohio, Indiana, and Illinois. 
There was great interest shown in the exhibits and lectures 
presented on this train.”
 A photo shows David Wing in 1947, holding a clipboard 
and standing in a fi eld of soybeans.
 Note: Many early soybean varieties were developed by 
the Wing Seed Company of Ohio. Address: Mechanicsburg, 
Ohio.

1680. Caldwell, B.E.; Hartwig, E.E. 1970. Serological 
distribution of soybean root nodule bacteria in soils of 
southeastern USA. Agronomy Journal 62(5):621-22. Sept/
Oct. [5 ref]
• Summary: “Abstract: Four soybean genotypes were 
sampled in eight different plantings during the years 
1967 and 1968, to determine the variability in Rhizobium 
japonicum population... Results indicate that an effective 
relationship can be established between a soybean genotype 
and a wide range in serogroups of R. japonicum.” Address: 
Research Agronomists, Crops Research Div., ARS, USDA, 
Beltsville, Maryland 20705, and Stoneville, Mississippi..

1681. Bergersen, F.J. 1970. The quantitative relationship 
between nitrogen fi xation and the acetylene-reduction assay. 
Australian J. of Biological Sciences 23(5):1015-25. Oct. [18 
ref]
• Summary: Discusses: Soybean nodules, Azotobacter 
vinelandii, Klebsiella aerogenes, light intensity. Dilworth 
(1966) fi rst showed that acetylene was reduced to ethylene 
by nitrogen-fi xing systems. “It is concluded that caution 
should be observed in the application of the acetylene-
reduction assay to quantitative determinations of nitrogen 
fi xation. Major errors are likely to result when the conditions 
in the assays are not carefully matched with the conditions 
under which nitrogen fi xation is occurring.” Address: Div. of 
Plant Industry, CSIRO, P.O. Box 109, Canberra City, A.C.T. 
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2601.

1682. Sant’Anna, Renato; Ohlrogge, A.J.; Christian, 
J.E.; Breckenridge, C.E., Jr. 1970. Foliar absorption and 
distribution of 2,3,5-triiodobenzoic acid (TIBA) in soybeans 
(Glycine max). Agronomy Journal 62(6):731-36. Nov/Dec. 
[11 ref]
• Summary: “Abstract: The anticipated commercialization 
of TIBA as one of the fi rst growth regulators for use on a 
major fi eld crop in the USA, created a need for information 
on its absorption and movement in the soybean plant under 
fi eld conditions. Such information would be of assistance in 
metabolite and residue studies.
 “TIBA tagged with I-131 [radioactive iodine] was 
applied at early bloom in two fi eld experiments and in a third 
study it was applied at the beginning of the pod fi lling stage 
of growth.” Address: Purdue Agric. Exp. Station, Lafayette, 
Indiana.

1683. Diaconescu, O.; Hymowitz, T. 1970. The soybean in 
Romania. Soybean Digest. Dec. p. 16-17.
• Summary: “Romania is situated in Southeast Europe and 
bounded by the USSR, Hungary, Yugoslavia, Bulgaria, 
and the Black Sea. Romania has an area a little larger than 
Minnesota, a population estimated at about 20 million in 
1969. Agriculture and forestry account for about 29% of 
Romania’s national income. The main crops are wheat, 
maize, sunfl ower, potatoes, dry beans, pumpkin, grapes, and 
fruits.
 “In 1934, a German-Romanian company ‘Solagra’ 
controlled by the German Dye Trust (I.G. Farben) was 
founded for the purpose of encouraging the cultivation of 
soybeans in Romania. In the mid-1930’s Mrs. Muller, a 
German plant breeder, released two varieties, Herb 620 and 
Herb 622, in Romania. High prices were offered to stimulate 
interest in the crop. By 1938, about 150,000 acres were sown 
to soybeans. The beans were exported to Germany and used 
as a meat substitute.
 “After World War II, acreage was sharply reduced due 
to low yields and uneconomic returns. The average yearly 
acreage from 1950 to 1959 totaled 55,000 acres.
 “Today, there is revived interest in soybean production 
in Romania. Attention is now focused on the soybean as a 
internal source of (1) cooking oil to replace animal fats, and 
(2) protein for increased swine and poultry production.
 “The areas of adaptation: Soybeans are adapted to a 
wide range of climatic conditions in Romania. The rainfall 
in the northern and western regions is quite favorable for 
raising them. However, in the south, they must be irrigated as 
the mean annual rainfall is never more than 19 inches.
 “In 1957, Mr. Dimitru Ionescu of the Institute of Cereals 
and Technical Plants (ICCPT), Fundulea, initiated a modest 
program on germ plasm collecting and testing. His program 
was greatly expanded by the government of Romania in 

1965.
 “Mr. Ionescu’s data revealed that the Chinese and North 
Korean soybean varieties matured too late under Romanian 
conditions. The Russian varieties matured too early and in 
addition were very low yielders. The German, Polish, and 
Czechoslovakian germ plasms were also rejected because of 
low yields.
 “The only germ plasms that appeared to be adapted to 
Romanian climatic conditions and gave economic yields 
were the U.S. and Canadian varieties, especially Chippewa 
64 and Merit. These two varieties averaged about 40 bu/a in 
the trials conducted by Mr. Ionescu.
 “In 1969, approximately 150,000 acres were sown to 
soybeans. In 1970, the Ministry of Agriculture planned to 
expand soybean production to 250,000 acres. By 1974, soy-
bean acreage will probably reach close to 1 million acres.
 “Production in Romania: At present, farm soybean 
yields have been 30% to 50% of that reached by ICCPT. 
This is mainly due to the farmers’ lack of experience in 
inoculating soybeans. Many fi elds have soybean roots with 
few effective or no nodules.
 “Date of planting, plant population, fertility, irrigation, 
herbicide, and rotation studies are being carried out at the 
ICCPT as well as in several regional stations. The results 
from these experiments have been encouraging. For example, 
at Fundulea irrigated soybeans have produced up to 65 bu/a. 
Although the soybean is not an important economic crop in 
Romania, it appears to have enormous potential as a major 
source for cooking oil and protein for increased swine and 
poultry production in that country.
 “The results of variety trials indicate that Chippewa 64 
and Merit are outstanding varieties for Romanian climatic 
conditions. However, farm production practices need to be 
adapted to Romanian conditions.”
 “The authors wish to acknowledge the grants given by 
FAO and the U.S. National Academy of Science-Romanian 
Academy for allowing us to visit each other’s country.”
 Neither the American Soybean Association nor the 
Institute are involved in this project. An illustration shows 
a political map of Romania. Address: 1. Ministry of 
Agriculture, Romania 2. Univ. of Illinois.

1684. Hymowitz, T. 1970. On the domestication of the 
soybean. Economic Botany 24(4):408-21. Oct/Dec. [131 ref]
• Summary: The fi rst of Hymowitz’s many pioneering, 
brilliantly researched, and very well written and documented 
articles on the early history of the soybean that have 
transformed our understanding of the subject. This is an 
extremely important and infl uential contribution that replaces 
myths with solid historical research.
 Contents: Introduction. The current status of the 
soybean. Speciation, chromosome numbers, and geographic 
distribution of the genus Glycine. Physio-agricultural 
geography of China: Kaoliang-soybean region, winter wheat-
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kaoliang region, winter wheat-millet region, Szechwan-rice 
region. The myth of the Emperor Shun Nung. The antiquity 
of the soybean. The gene center. General conclusions.
 “It is unfortunate that the literature concerned with 
the antiquity and historical development of the soybean 
and its agricultural consequences is fraught with errors and 
misconceptions... This paper is an attempt to reconcile the 
old archaeological, historical, agricultural and botanical 
literature with the more recent data and to establish a 
working hypothesis on the domestication of the soybean.”
 “According to Chinese tradition, Emperor Shen Nung, 
the Father of Agriculture and Medicine, lived and ruled in an 
area which today is approximately the Chinese winter wheat-
kaoliang region. The legend fosters the belief that before 
Shen Nung the Chinese were nomadic food gathering people. 
With the onset of the reign of Shen Nung, the Chinese 
became sedentary food producing agriculturists. Supposedly, 
Shen Nung taught his subjects how to use the plow, sow 
grain and he kept his people healthy by prescribing for their 
ailments native herbs that had medicinal value.
 “The earliest record of man’s use of the soybean, dating 
back to the herbal Pên Ts’ao Kang Mu (Materia Medica) 
of the legendary Emperor Shen Nung, is an often repeated 
statement in soybean literature. No fewer than 6 different 
years 2838 B.C., 2828 B.C., 2737 B.C., 2700 B.C., 2448 
B.C., and 2383 B.C. have been acclaimed as the publication 
date for Shen Nung’s book.”
 “Chang (1965) and Watson (1966) concur that absolute 
dates recorded in history after 841 B.C. should be accepted 
as accurate. An accurate chronological dating system for 
China prior to 841 B.C. just does not exist. At present, it 
is believed that the legendary history of China is for the 
most part the result of ethnocentric interpretations by Han 
historians. Hirth (1908) is adamant in his belief that the value 
of the works of Shen Nung, who is sometimes represented as 
having the body of a man and the head of an ox, appears to 
be a fabrication of historians, as is the emperor himself.
 “’The antiquity of the soybean: ‘The soybean is one 
of the oldest cultivated crops’ (Martin & Leonard 1967) 
and ‘The soybean has been known to man for over 5000 
years’ (McKie & Anderson 1967) are statements repeated 
from one agronomic publication to another without citation 
or explanation. Ho (1969) quite clearly placed the above 
statements in proper perspective by asserting that ‘no trace of 
legumes has been found in any Neolithic site in North China 
or in records of Shang oracles.’”
 “The current evidence for the antiquity of the soybean 
lies in the pictographical analysis of the archaic Chinese 
word for soybeans (shu), the Book of Odes, and bronze 
inscriptions.
 “The analysis of the development of the archaic 
character for soybean (shu) refl ects the observation and 
knowledge of the ancient Chinese at a given period. The 
character shu pictographically depicts the following concept: 

(1) the horizontal line in the middle symbolizes earth; 
(2) the upper and lower parts represent the stem and root 
respectively; (3) around the root the three tear drop like lines 
illustrate the nodules. It is the opinion of T.C. Hu (1963) that 
the shu pictograph can be traced back to approximately the 
11th century B.C.
 “The Book of Odes spans the period from the 11th 
century to 7th century B.C. during the reign of the royal 
house of Chou. The geographical area covered by the Book 
of Odes is essentially the winter wheat-kaoliang and winter 
wheat-millet regions... The character shu appears in odes 154 
(8th–7th century B.C.), 196, 207, 222 (9th–8th century B.C.), 
and 245 (10th–9th century B.C.), and 300 and was found in 
bronze inscriptions dating from [the 10th-9th century B.C.].
 “It is quite evident that the three lines of evidence 
presented point to the emergence of the soybeans as a 
domesticate during the Chou Dynasty [1027-221 B.C.]... 
However, emergence of a domesticate carries with it the 
connotation of a trial and error process. This process for 
soybeans probably took place during the Shang Dynasty or 
earlier.”
 “Conclusions. Historical and geographical evidence 
developed in this paper point to the eastern half of North 
China, what is essentially today’s winter wheat-kaoliang 
region, as the area where the soybean fi rst emerged as a 
domesticate around the 11th century B.C. During the Chou 
Dynasty, the winter wheat-kaoliang region was probably the 
gene center.”
 Note: This document contains the earliest date seen 
for soybeans in China, or in East Asia, or in the world, 
or the cultivation of soybeans in China, or in East Asia, 
or in the world (11th century B.C.). The source of these 
soybeans was probably wild soybeans from China that 
were gradually domesticated over the centuries. Fukuda 
(1933) argues that the soybean was fi rst domesticated in 
Manchuria. Hymowitz attempts to refute this argument as 
follows: Historically, Manchuria “was sparsely populated by 
Nomadic tribesmen rather than agricultural people. It was 
not until the Han Chinese populated the area that agriculture 
fl ourished in Manchuria. The intensive cultivation of 
soybeans in Manchuria is a recent phenomenon. Secondly, 
the presence of G. gracilis, the weedy form, in Manchuria 
is the consequence of highly intensive cultivation of G. max 
and not visa versa. G. gracilis is found wherever there is an 
overlap in distribution between G. max and G. ussuriensis. 
G. gracilis most likely evolved as the consequence of 
outcrossing between G. max and G. ussuriensis.”
 Note: As of Sept. 2014 this is the most widely cited 
article by T. Hymowitz on Google Scholar, having been cited 
in 281 other articles and books. Address: Dep. of Agronomy, 
Univ. of Illinois.

1685. Chailakhyan, M. Kh.; Kaladzhyan, N.L. 1970. 
[Effects of Rhizobium inoculation on the contents of growth 
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regulators in leguminous plants]. Biologicheskii Zhurnal 
Armenii (Biological J. of Armenia) 23(4):14-26. [10 ref. Rus; 
arm]*
• Summary: One group of soybean plants and of common 
bean (Phaseolus vulgaris) plants were inoculated with 
effective strains of Rhizobium; a second group was not 
inoculated. The leaves and roots of the plants in the 
inoculated group contained several gibberellins and 
gibberellin-like substances in larger quantities than were 
found in the leaves and roots of the uninoculated group. 
Gibberellin A-3 was found in the leaves and roots of the 
inoculated group, but not of the uninoculated group. Other 
growth regulators were also found. Growth stimulators were 
more abundant in the leaves and roots of the inoculated 
than of the uninoculated group, whereas the opposite 
was observed for growth inhibitors. Address: Institut 
Mikrobiologii, Akad. Nauk Arm. SSR, Erevan, Armenian 
SSR.

1686. Koch, Burton. 1970. Biochemical investigation of 
the nitrogenase system from soybean root nodules. PhD 
thesis, Dep. of Botany and Plant Pathology, Oregon State 
University. 80 p. *
Address: Dep. of Botany and Plant Pathology, Oregon State 
Univ., Corvallis, OR 97331.

1687. Vincent, J.M. 1970. A manual for the practical study of 
root nodule bacteria. Oxford, England: Blackwell Scientifi c. 
xi + 164 p. Illust. 21 cm. Series: IBP Handbook No. 15. 
[International Biological Program]. *

1688. Diéguez, Rosa H. 1970. Estudios sobre inoculantes 
en soja [Studies on inoculants for soyabeans]. Revista 
Agronomica del Noroeste Argentino 8(1/2):117-39. Presented 
at First Reunion Tecnica Nacional de Soja. [59 ref. Spa]
Address: Instituto de Microbiologia e Industria 
Agropecuarias, INTA, Buenos Aires, Argentina.

1689. Dobereiner, Johanna; Franco, A.A.; Guzmán. I. 1970. 
Estirpes de Rhizobium japonicum de excepcional efi ciência 
[Strains of Rhizobium japonicum with exceptional nodulation 
effi ciency]. Pesquisa Agropecuaria Brasileira 5:155-61. [17 
ref. Por; eng]
• Summary: This is a landmark paper. In Brazil the approach 
to solving the problems of soybean nodulation has been to 
recommend inoculation with exceptional rhizobia.
 “Abstract: Regressions for total plant nitrogen with 
nodule weight were studied in six greenhouse experiments 
with soybeans inoculated with 24 Rhizobium strains. 
Details on the experiments and the origin of the strains are 
summarized.
 “In all experiments, all strains except three formed 
a single regression line indicating that differences in 
effectiveness were due to differences in the amount of 

nodules produced, thus confi rming former observations. 
However, three strains (CB-1809, R-54 and R-11) when 
separated presented regression line with a coeffi cient about 
twice as high as the other strains. These strains showed 
higher nodule effi ciencies than had been observed with 
other strains, and therefore were called exceptional. The 
regressions of normal and exceptional strains in four 
experiments using sterilized sand cultures showed surprising 
similarity. The two soil experiments showed variations 
but there were still two well defi ned regressions with 
signifi cantly different slopes for the normal and exceptional 
strains.
 “These observations indicate the existence of three 
distinct levels of nodulation effi ciency among soybean 
strains: Uneffi cient, normal and exceptional in the ratio 
0:1:2. Continuous differences between strains in overall 
effectiveness would then be due to differences only in 
the amount of nodules produced, and not as is generally 
assumed, to varying nodulation effi ciency. The implications 
of this in the mechanism of nitrogen fi xation are discussed. 
The existence of an additional enzyme leading to asparagine 
or glutamine instead of the simples aminos, which would 
reduce to about half the need of carbon skeletons as NH3-
acceptors, was suggested as an explanation of the doubled 
ratio in nitrogen fi xation, in nodules formed by exceptional 
strains.
 “The three exceptional strains are outstanding also in 
overall effectiveness, even under fi eld conditions, possibly 
because of their lower need of nodule tissue in order do 
obtain the same nitrogen with fi xation. The in vitro selection 
of exceptional strains, those with doubled nodule effi ciency, 
seems more promising than selection of strains which form 
more nodule tissue. The increased sensitivity of exceptional 
strains to asparagine indicates physiological differences 
which can be detected in culture medium.” Address: 1. 
Eng. Agronomo do setor de Solos do IPEACS [Instituto de 
Pesquisas e Experimentacao Agropecuarias do Centro Sul), 
Km 47, Campo Grande, GB. ZC-26, e bolsista do Conselho 
Nacional de Pesquisas (CNPq 7105/68).

1690. Iswaran, V. 1970. Soaking of soybean seeds and its 
effect on nodulation and yield. Mysore J. of Agricultural 
Sciences 4(3):364-66. [6 ref]
• Summary: “With unsoaked seed inoculation an increase of 
14.4 per cent in the yield was observed while soaked seed 
inoculation gave an increase of 38.1 per cent. This study is 
being extended to other legume seeds, before this can be 
recommended to farmers as a general.” Address: Div. of 
Microbiology, Indian Agricultural Research Inst. (IARI), 
New Delhi, India.

1691. Leiderman, Jorge. 1970. Preseleccion de cepas de 
Rhizobium japonicum [Pre-selection of strains of Rhizobium 
japonicum]. Revista Agronomica del Noroeste Argentino 
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8(1/2):193-97. Presented at First Reunion Tecnica Nacional 
de Soja. [5 ref. Spa]
Address: Ing. Arg. Estación Experimental Agricola, 
Tucumán, Argentina.

1692. Leiderman, Jorge. 1970. Valoracion de inoculantes 
en soja [Evaluation of inoculants for soyabeans]. Revista 
Agronomica del Noroeste Argentino 8(1/2):199-204. 
Presented at First Reunion Tecnica Nacional de Soja. [5 ref. 
Spa]
Address: Ing. Agr. Estación Experimental Agricola, 
Tucumán, Argentina.

1693. Leng, Earl R. 1970. Summary report, Coordinated 
Research Project (soybeans), University of Illinois–USAID–
India, April 1, 1967-June 30, 1969. Urbana-Champaign: 
University of Illinois, College of Agriculture. 38 p. 
Unpublished typescript. 28 cm.
• Summary: Contents: Summary. General objective. 
Organization and staffi ng. Variety trial results [soybeans 
in India] (Kharif season trials), (Rabi and “spring” trials). 
Date of planting studies. Plant population and spacings. 
Fertilizer trials. Inoculant trials and problems. Diseases and 
their control. Insect pests and their control. Weeds and weed 
control. Economics of production and marketing. Utilization. 
Seed importation, increase, and production. Seed quality 
problems. Breeding and genetics. Conferences. Future plans.
 Note: “The Program for International Research, 
Improvement and Development of Soybeans (PIRIDS) was 
established in 1969 at the University of Illinois. It operates 
as part of the Offi ce of International Agricultural Programs 
in the College of Agriculture. Dr. Earl Leng was Program 
Director of PIRIDS since its inception. USAID is the U.S. 
Agency for International Development.
 Source: University of Illinois at Urbana-Champaign 
(UIUC) archives. 8/1/44 Agriculture, Dean’s Offi ce, Box 
4, Leng. Address: CRP Coordinator and Program Director, 
PIRIDS, Univ. of Illinois, Urbana-Champaign, Illinois.

1694. Matthew, Melvin R. 1970. The centennial history of 
Blue Mound, Illinois. Bloomington, Illinois: Published by 
the author. 143 p. See p. 94-96. 28 cm.
• Summary: “Corn was king during this period but a new 
crop, soybeans, was soon to be experimented with and was 
eventually to become signifi cant in the farm economy of the 
community as well as the nation.
 “During the winter of 1914 Dr. Frederick Bauer of the 
Agronomy Department of the College of Agriculture at the 
University of Illinois came back to this home town and made 
a talk which was instrumental in bringing further diversity of 
crops to the community and surrounding townships. Bradley 
and Bauer, implement dealers, sponsored the meeting at 
which Dr. Bauer showed samples of Middle Yellow soybeans 
and explained the value they would be to farmers and the 

soil.
 “The following spring Harry Griswold, a former student 
at the University of Illinois and a believer in scientifi c 
farming, planted forty acres of the new crop and thus 
became the fi rst farmer in the region to harvest soybeans in 
any signifi cant amount. D.A. Griswold, H.B. McCoy, W.S. 
Davidson, and Harry T. Willet each planted a few acres 
that year as well. For needed inoculation, the University of 
Illinois sent dirt to dust the seed prior to planting. There was 
much interest and considerable skepticism in the community 
as the beans grew to some 12 to 14 inches in height. When 
harvested, they produced from 12 to 20 bu/acre. The only 
market was seed companies, so the beans were stored in the 
elevator managed by W.I. Moore until L.W. Reis agreed to 
sell them for a small commission. He sent them to the Albert 
Dickinson Seed Company in Chicago. Encouraged by the 
success this small group of farmers had with the new crop, 
others planted some seed the next year. Each year thereafter 
the acreage increased in the Blue Mound community as it did 
in other parts of Central Illinois.
 “By 1922 the supply of soybeans exceeded the needs 
of the seed companies and the A.E. Staley Manufacturing 
Company in Decatur, Illinois began crushing beans for 
commercial purposes. The company had been prepared 
some time before this to crush the soybeans but the supply 
was not suffi cient for it to be profi table to process them. 
Representatives sent by Staley to talk to farmers, the 
innovating farmers who ventured to plant them fi rst, the 
local grain dealers, and fi eld men from the University of 
Illinois were all instrumental in getting landowners to make 
soybeans a part of their regular rotation of crops. They 
became a good cash crop and a welcome addition to corn 
that was making less than 50 bu/acre at that time.”

1695. Pashaj, Fezo. 1970. Rezultatet e studimit krahasues të 
sojeve të sojës në mbjellje verore [A comparison of various 
soyabean varieties sown in summer]. Buletini i Shkencave 
Bujqesore (Bulletin of Agricultural Science–Albania) 
9(2):79-90. [7 ref. Alb; rus; fre; eng]
• Summary: During the years 1966-1967, in the pedoclimatic 
conditions of Lushnja, at the Institute of Agricultural 
Research there, the author conducted a study of soybean 
varieties sown in the summer as a second crop after 
cereal crops were harvested. This study was carried in the 
framework of the research on new source of vegetable oils 
for Albania.
 The author concluded: (1) The early soya varieties, with 
a vegetation period of 80-100 days, when sown during the 
summer in the coastal area, give better production and seeds 
of higher commercial and technical quality than then they are 
sown in the spring in this area. (2) The most suitable varieties 
for sowing are Czin Juan No. 1 and Manj Can Czin, which 
originated in Giridin province, China. Being sown during 
the fi rst part of July, these varieties are ripe for harvest after 
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3 months, in early October. During the two years they have 
given 13-16 quintals [1 quintal = 100 kg] per hectare of seed, 
with a fat content of 23-24% on a dry weight basis. (3) The 
key agrotechnical measures required to get high yields from 
summer soybeans are the securing of a dense stand of over 
250,000 plants per hectare, watering during the fl owering-
fructifi cation period, and treatment of the seed during sowing 
with Nitragine specifi c to soya. Address: Agr., Bashkëpuntor 
shkencor në Institutin e Lartë Shtetëror të Bujqësisë, Albania.

1696. Revista Agronomica del Noroeste Argentino. 1970. 
Revista agronomica del noroeste Argentino [Papers presented 
at the 1st National Technical Meeting on Soyabeans, held 
in San Miguel de Tucumán, Argentina, 11-12 July 1968]. 
8(1/2):1-224. Presented at First Reunion Tecnica Nacional de 
Soja. [Spa]
• Summary: Fifteen papers were presented; twelve are cited 
separately. Address: Tucuman, Argentina.

1697. Scott, Walter O.; Aldrich, S.A. 1970. Modern soybean 
production. Cincinnati, Ohio: The Farm Quarterly; and S&A 
Publications, P.O. Box 2660, Station A, Champaign, IL 
61820. 192 p. Illust. Index. 29 cm. 2nd ed. 1983.
• Summary: Contents: 1. How the soybean plant grows. 
2. Variety selection. 3. Seedbed preparation and planting. 
4. Fertilizer for soybeans. 5. Water management. 6. Weed 
control. 7. Troubleshooting. 8. Harvesting, storage, and 
marketing. 9. Soybeans: Food, feed, and future. Appendix.
 Chapter 1, “How the Soybean Plant Grows,” contains 
a detailed description (with good photos) of the sprouting 
process. A good supply of moisture during germination 
is essential. The seed must contain 50% moisture before 
germination can begin. The radicle, which becomes the 
primary root of the soybean seedling, is the fi rst part of the 
embryo to penetrate the seedcoat. After the radicle emerges 
and grows downward (eventually becoming the taproot), 
the hypocotyl begins to elongate. It forms an arch which is 
pushed upward through the soil. As the arch breaks the soil 
surface, it pulls the two cotyledons and epicotyl upward. 
The epicotyl will become the plant’s stem. The fi rst three 
leaves begin expanding from the epicotyl. The fi rst two 
leaves are unifoliate–each having only one leaf blade; they 
are opposite each other and located at the same node. The 
third leaf, and all those that follow, are trifoliate (three leaf 
blades). The trifoliate leaves are located only one at a node 
and at alternate positions on the stem. Soon after being 
exposed to sunlight, the cotyledons and other plant parts 
develop chlorophyll and turn green. But the food stored in 
the two cotyledons remains the main source of the seedling’s 
nourishment for about a week after emergence. The 
cotyledons drop after the seedling is capable of supporting 
itself. Lateral roots are formed less than a week after the 
radicle emerges, then root hairs, the main absorbing surface 
of the root system, develop. The small plant develops root 

nodules within a week after emergence. Bacteria in the 
nodules convert atmospheric nitrogen to forms that can be 
used by the growing soybean plant. Address: 1. Prof. of 
Crops Extension, Univ. of Illinois; 2. Prof. of Soil Fertility 
Extension, Univ. of Illinois.

1698. Agronomie Tropicale (France). 1971. Le soja [The 
soybean]. 26(1):114-18. Jan. [Fre]
• Summary: Contents. Introduction. Varietal development: 
Introduction of new varieties, varietal experimentation, 
infl uence of the ecology on varietal characteristics. Cultural 
techniques: The cultural calendar, planting density, seed 
storage. Fertilization and mineral nutrition: Fertilizers and 
manures, symbiotic bacteria. Conclusion.
 Starting in 1965, IRAT introduced soybean varieties 
into Senegal, Madagascar, Central African Republic (CAR), 
and Cameroon. These varieties originated in various other 
countries including the USA, Rwanda, Malawi, Tanzania, 
and South Africa, and Asia. A table (p. 114) shows the 
maturity group (in parenthesis) of each of the following 
varieties and the number of days to maturity in Senegal, 
Madagascar, and CAR: Amsoy (II), Wayne (III), Kent, 
Delmar, Clark 63 (IV), Hill, Dorman (V), Hood, Lee, Dare, 
Ogden, Davis, Picket (VI), Jackson, Semmes, Roanoke, 
Bragg (VII), Bienville, Hampton (VIII), Biloxi. The number 
of days to maturity ranged from 73 to 92 days in Senegal, 
90-123 days in Madagascar, and 100 to 110 days in CAR. 
Address: GERDAT–Groupement d’Etudes et de Recherches 
pour le Développement de l’Agronomie Tropicale.

1699. Ham, G.E.; Frederick, L.R.; Anderson, I.C. 1971. 
Serogroups of Rhizobium japonicum in soybean nodules 
sampled in Iowa. Agronomy Journal 63(1):69-72. Jan/Feb. 
[12 ref]
• Summary: “Serogroups of Rhizobium japonicum present 
in the nodules of soybeans and their relationship to soil 
properties were studied on 613 nodule samples obtained 
at 75 locations during 1965 and 1966. The homogenized 
nodule suspensions were typed serologically by a quick 
agglutination test using somatic antisera of cultures of R. 
japonicum representing seven serogroups. Only 2.8% and 
1.1% of the nodules tested failed to react with one of the 
seven antisera in 1965 and 1966, respectively.

“R. japonicum serogroup 123 was the dominant 
serogroup found in soybean nodules on soils below pH 7.5, 
while serogroup 135 dominated when the soil pH was greater 
than 7.8.” Address: Dep. of Agronomy, Iowa Agricultural 
and Home Economics Experiment Station, Ames, Iowa 
50010.

1700. Balasubramanian, M. 1971. Root-knot nematodes and 
bacterial nodulation in soybean (Letter to the editor). Current 
Science (Bangalore, India) 40(3):69-70. Feb. 5. [6 ref]
• Summary: “The interrelationships between nitrogen-fi xing 
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bacteria (Rhizobium spp.), plant-parasitic nematodes and 
their leguminous hosts have not been adequately studied.”
 This is a study to determine whether Meloidogyne 
icognita, M. javanica and M. hapla could cause reduction 
of nodulation in soybean revealed that all three species 
had such an effect, with that of M. javanica being the most 
pronounced. Address: Faculty of Agriculture, Anamalai 
Univ., Anamalainagar, India.

1701. Brown, N.S.; Watkin, B.R.; Robinson, G.S.; 
Greenwood, R.M. 1971. Studies on soya beans in the 
Manawatu. New Zealand Agricultural Science 5(5):6-11. 
March. [16 ref]
• Summary: “Introduction: In recent years there has been a 
renewed interest in soya bean production by New Zealand 
farmers and research organisations and a number of trials 
have been conducted throughout New Zealand to assess 
the potential for future development. The limited data 
available (Blair, 1964, Moody and Hastings, 1966) indicate 
that successful economic production of soya bean may 
be possible in particular areas using appropriate varieties. 
Various agronomic problems limiting production, such as 
nodulation, weed control and pest control, will, apparently, 
need to be overcome, but the fact that yields have reached 
60-70 bush per acre in some localities (Gerlach, pers. 
comm.) in fi eld trials justifi es continued interest in this crop.
 “The following experiments were conducted at Massey 
University during the summer of 1967/68 in an attempt to 
elucidate some of the problems limiting the production of 
soya beans.”
 Note 1. “The Manawatu District is a local government 
district in the Manawatu-Wanganui Region in the North 
Island of New Zealand.
 “The district is based on the town of Feilding and 
includes most of the area between the Manawatu River in the 
south and the Rangitikei River in the north;...” (Wikipedia at 
Manawatu District, Sept. 2018).
 Note 2. At the end of this article is a section titled 
“Additional information on soya beans comes from the 1969 
Annual Report of the Field Research Section, NZDA [New 
Zealand Dep. of Agriculture], Ruakura.”

1702. Ham, G.E.; Cardwell, V.B.; Johnson, H.W. 1971. 
Evaluation of Rhizobium japonicum inoculants in soils 
containing naturalized populations of rhizobia. Agronomy 
Journal 63(2):301-03. March/April. [6 ref]
• Summary: Abstract: “Soybean seed yields and seed protein 
percentage were not signifi cantly increased by inoculating 
soybean seeds with Rhizobium japonicum at planting time. 
The uninoculated checks were adequately nodulated by 
rhizobia which were in the soil from previous soybean 
crops.”
 Discussion: At the present time, most bacterial 
strains are screened only for effectiveness (amount of 

nitrogen fi xed) in combination with a given host plant. 
“Competitiveness of rhizobia strains used in inoculants 
should be evaluated, since added strains must be able 
to compete effectively for nodule sites with strains 
already present in the soil. Rhizobia strains differ in this 
characteristic but little work has been done on this phase, 
particularly in the U.S. Persistence of introduced rhizobia in 
competition with the natural soil fl ora is virtually unknown, 
and information on this aspect of inoculation is essential.” 
Address: Asst. Prof. of Soil Science, Asst. Prof. and Prof. 
and Head of Agronomy and Plant Genetics, respectively. All: 
Minnesota Agric. Exp. Station, St. Paul, Minnesota 55101.

1703. Hanway, J.J.; Weber, C.R. 1971. N, P, and K 
percentages in soybean (Glycine max (L.) Merrill) plant 
parts. Agronomy Journal 63(2):286-90. March/April. [9 ref]
• Summary: “Field experiments were conducted with N 
fertilizer applications for nodulating and non-nodulating 
soybean isolines, with P and K fertilizer applications for 
the nodulating isolines, and with 8 varieties. Percentages 
of N, P, and K in the plant parts at successive stages of 
plant development were determined.” Address: 1. Prof. of 
Agronomy, Iowa State Univ., Ames, Iowa.

1704. Kust, Cyril A.; Struckmeyer, B. Esther. 1971. Effects 
of trifl uralin on growth, nodulation, and anatomy of 
soybeans. Weed Science 19(2):147-52. March. [9 ref]
• Summary: “Trifl uralin reduced nodulation of soybeans 
and seemed to inhibit utilization of cotyledonary reserves 
and redistribution of organic and mineral constituents of 
unifoliolate leaves.” Address: Asst. Prof., Dep. of Agronomy, 
and Prof., Dep. of Horticulture, respectively, Univ. of 
Wisconsin, Madison, Wisconsin.

1705. Miller, Robert H. 1971. Research at the Northwestern 
Branch: Factors infl uencing the ineffectiveness and 
effectiveness of Rhizobium japonicum on soybeans. Ohio 
Agricultural Research and Development Center, Research 
Summary No. 49. p. 31-32. March.
• Summary: “Field plots at the Northwestern Branch 
were established in 1967 to study soybean inoculation and 
management factors which might infl uence its success. The 
plots had not been in soybeans since 1954, but still contained 
suffi cient Rhizobium for soybeans to be well inoculated 
without inoculation.
 “In 1968 and 1969, half of the total plot area was 
inoculated with a known strain of Rhizobium japonicum at 
a rate of more than 6 million bacteria per seed. During the 
growing season, nodules were removed at two time periods 
and used for the identifi cation of the strain of Rhizobium 
japonicum within each nodule. With serological techniques, 
it was possible to determine precisely whether the inoculant 
bacteria had been successful in forming nodules on the 
soybean root system.
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 “In 1968, the only variables were inoculation with 
USDA strain #110 vs. no inoculation on Harosoy 63 
soybeans. Yield data indicated a small (34.5 bu. per acre 
inoculated–32.0 bu. per acre uninoculated) but statistically 
insignifi cant increase in yield because of inoculation. 
Serological analysis of the nodules indicated that inoculation 
increased the percentage of nodules formed by strain #110 
from 3 percent to 18 percent of the total. The dominant strain 
of Rhizobium in these plots, as in most Midwest soils, is 
#123, forming about 50 percent of all the nodules.” Address: 
Dep. of Agronomy, Northwestern Branch [of the Ohio 
Agricultural Research and Development Center].

1706. Iswaran, V. 1971. Survival of Rhizobium japonicum on 
soybean seeds. Israeli J. of Agricultural Research 21(2):79-
80. April. [8 ref]
• Summary: Surface sterilized soybeans were slurry 
inoculated in 10% sucrose solution. Within 12 hours the total 
count of viable rhizobia fell below the accepted number of 
300/seed, indicating the clear advantage of sowing as quickly 
as possible after inoculation. Address: Div. of Microbiology, 
Indian Agricultural Research Inst. (IARI), New Delhi, India.

1707. Saxena, M.C.; Pandey, R.K.; Hymowitz, T. 1971. 
Agronomic requirements of soybean (Glycine max (L.) 
Merr.). Indian J. of Agricultural Sciences 41(4):339-44. 
April. [2 ref]
• Summary: The following were studied using promising 
soybean varieties in the Nainital foothills of India (a region 
of India called the tarai, in the Kumaon foothills of the outer 
Himalayas): Optimum date of planting, plant population 
per hectare, inoculation requirements, and fertilizer 
requirements.
 Note: The Terai [tarai] “is a belt of marshy grasslands, 
savannas, and forests at the base of the Himalaya range in 
India, Nepal, and Bhutan, from the Yamuna River in the 
west to the Brahmaputra River in the east. This narrow belt 
is characterized by humid climate, shallow water-table, and 
higher soil fertility. Above the Terai belt lies the Bhabhar, 
a forested belt of permeable rock, gravel, and soil eroded 
from the Himalayas where the water table lies from 5 to 
37 meters deep. The Terai zone lies below the Bhabhar. It 
is composed of less permeable layers of clay and sand that 
brings groundwater nearer the surface so there are many 
springs and wetlands. The Terai zone is inundated yearly 
by the monsoon-swollen rivers of the Himalaya. Below the 
Terai lies the great alluvial plain of the Yamuna, Ganges, 
Brahmaputra, and their tributaries. East of Nepal in Bengal, 
Bhutan and Assam this ecoregion is also called the Dooars” 
(Source: Wikipedia, Oct. 2010). Address: Uttar Pradesh 
Agricultural Univ., Pantnagar, UP, India.

1708. Hanway, J.J.; Weber, C.R. 1971. Accumulation of 
N, P, and K by soybean (Glycine max (L.) Merrill) plants. 

Agronomy Journal 63(3):406-08. May/June. [7 ref]
• Summary: Nodulated soybeans accumulated 244 kg/N 
ha with P and K but without N fertilizer, while the non-
nodulating isoline accumulated only 64 kg. Accumulation of 
N, P and K was slow early in the season, increasing rapidly 
with maturity. About 50% of the N, P and K in the mature 
seeds was translocated from other plant parts. Accumulation 
of these macronutrients was increased with fertilization. 
Address: 1. Prof. of Agronomy, Iowa State Univ.; 2. 
Formerly Agronomist, Crops Research Division, Agricultural 
Research Service, USDA, and Professor of Agronomy, 
Iowa State Univ.; presently Vice President and Director of 
Research, Peterson Seed Co., Waterloo, Iowa, and Savage, 
Minnesota.

1709. Harper, James E.; Cooper. R.L. 1971. Nodulation 
response of soybeans (Glycine max L. Merr.) to application 
rate and placement of combined nitrogen. Crop Science 
11(3):438-40. May/June. [18 ref]
• Summary: Nitrate placed in the lower 10 cm of a 30.5 cm 
soil column allowed greater root uptake and did not impair 
nodulation as did the nitrate when dispersed throughout the 
column.
 Note: This is a big discovery with big implications for 
nitrogen fi xation. Address: 1. Research Plant Physiologist; 
2. Research Agronomist. Both: Crops Research Div., ARS, 
USDA, Urbana, Illinois.

1710. Krishnaswami, R.; Pundarikakshudu, R. 1971. 
Environmental infl uence on seed protein and oil in soybean. 
Madras Agricultural Journal 58(5):414-17. May. [9 ref]
• Summary: Soybean “is a new crop in India, and its 
importance as a high protein source is of added signifi cance 
in a country where protein defi ciency in food is a chronic 
problem.” Only recently have many new soybean varieties 
been introduced to India and varietal improvement work 
been taken up on a large scale. Different varieties are suited 
to particular agro-climatic zones. Within one such particular 
zone, a certain variety may exhibit signifi cant variations in 
yield and quality characteristics. This the key to soybean 
research is to fi nd the best varieties for each agro-climatic 
zone.
 In this study, three soybean varieties were studied for 
their oil and protein content when raised under different 
conditions in two locations (Aduthurai and Coimbatore) in 
order to assess their stability. The crop was grown without 
inoculation and hence there was no nodulation.
 Tables show: (1) The protein and oil content of 3 
varieties grown in these 2 locations, and the ratio of protein 
to oil in each. (2) The important climatic and soil factors 
of the two locations. The factors are soil pH, available soil 
nutrients (N, P, and K), latitude, mean maximum temperature 
(March to June) mean minimum temperature (March to 
June), and date of planting / sowing.
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 Experiments conducted previously at Pantnagar (U.P.) 
and Jabalpur (M.P.) in India showed that the fi rst crop 
of newly introduced soybean had lower protein than in 
subsequent seasons. This may be due to the increased and 
more effi cient nitrogen fi xation. All soybean varieties grown 
at Aduthurai had unusually high content of both protein and 
oil. Address: IARI Regional Station, Coimbatore, Tamil 
Nadu, India.

1711. Ostwal, K.P.; Gaur, A.C. 1971. Effect of seed dressing 
fungicides and antibiotic aureofungin on soybean inoculated 
with Rhizobium japonicum. Hindustan Antibiotics Bulletin 
13(364):73-74. Feb/May. [9 ref]
• Summary: Bean yield was increased by all tested 
fungicides and antibiotic aureo-fungins. No adverse effects 
on nodulation were noted. This is unexpected since “the 
chemicals used on seed for protective purposes containing, 
mercury, copper or zinc were extremely toxic to Rhizobium 
species.” Address: Div. of Microbiology, Indian Agricultural 
Research Inst., New Delhi, India.

1712. Vest, Grant. 1971. Nitrogen increases in a non-
nodulating soybean genotype grown with nodulating 
genotypes. Agronomy Journal 63(3):356-59. May/June. [14 
ref]
• Summary: Seeds of non-nodulating genotype A62-8 were 
mixed 1:1 with seeds of 2 nodulating genotypes (Delmar and 
Scott) and inoculated with 7 different strains or combinations 
of strains of Rhizobium japonicum. Seed protein of all the 
cultivars was higher when the mixtures were inoculated. The 
highest yield was produced by A62-8 mixed with Delmar and 
with certain inoculum treatments. Address: Plant Pathologist, 
Crops Research Div., ARS, USDA, Beltsville, Maryland.

1713. Dadarwal, K.R.; Sen, A.N. 1971. Survival of 
Rhizobium japonicum on soybean seeds. Indian J. of 
Agricultural Sciences 41(6):564-68. June. [11 ref]
• Summary: “A study was made of the effect of the removal 
of water-soluble toxic seed-coat diffusates present in the 
seeds of Bragg and Clark varieties of soybean (Glycine max 
(L.) Merr.) on the inoculated Rhizobium population.
 “The Rhizobium population on the surface of unsoaked 
seeds of both the varieties rapidly declined, and after 2 days 
only 2 per cent of the inoculated population survived. But 
the population increased greatly with the use of peat-based 
culture or when the seeds were soaked in water overnight 
before inoculation. The later method removed the toxic seed 
diffusates, and after 2 days the number of Rhizobium cells 
increased by 200 to 600 per cent. After 7 days the viable 
count declined in all cases, but still 30 to 70 per cent of the 
population survived on the soaked seeds inoculated with 
the peat-based culture.” Address: 1. Asst. Microbiologist; 
2. Microbiologist. Both: Div. of Microbiology, Indian 
Agricultural Research Institute, New Delhi, India.

1714. Holsten, R.D.; Burns, R.C.; Hardy, R.W.F.; Herbert, 
R.R. 1971. Establishment of symbiosis between Rhizobium 
and plant cells in vitro. Nature (London) 232(5307):173-76. 
July 16. [18 ref]
• Summary: Cultured soybean callus was infected with 
Rhizobium japonicum. The in vitro acetylene reduction 
activity was on the order of 1% of that found in soybean 
nodules.
 Fig. 4 shows “Electron micrograph of cultured soybean 
callus infected with R. japonicum (x 4,160).” Address: 
Central Research Dep., E.I. du Pont de Nemours and 
Company, Wilmington, Delaware 19898.

1715. Miller, Robert H. 1971. Soybean inoculation studies. 
Ohio Agricultural Research and Development Center, 
Research Summary No. 55. p. 14-16.
• Summary: Researchers are able to identify the rhizobium 
within soybean / legume nodules using a serological 
technique. Table 3, “Distribution of strains of Rhizobium 
japonicum in soybean nodules, 1969 (Sampling 30 days after 
planting)” shows for each of 3 soybean varieties (Harosoy 
63, Amsoy, and Wayne; inoculated an uninoculated) the 
“Strain of R. japonicum in nodules (%).”
 Serotype 123 accounts for about two-thirds of all the 
strains–slightly higher for uninoculated than for inoculated. 
Address: Dep. of Agronomy, Western Branch.

1716. Vernetti, Fransico de Jesus. 1971. Inoculacao da soja 
[Soybean inoculation]. Instituto de Pesquisa Agropecuaria 
do Sul, Boletim Tecnico (IPEAS, Pelotas, RS, Brazil) No. 75. 
31 p. Aug. [45 ref. Por]
Address: M.Sc., Pesquisador em Agricultura do Setor de 
Fitotecnia do Instituto de Pesquisas e Experimentacao 
Agropecuarias do Sul, Caixa Postal “E”, Pelotas, RS, e 
Pesquisador-Assistente, Bolsista do Conselho Nacional de 
Pesquisas, Brazil.

1717. Beard, Benjamin H.; Hoover, Richard M. 1971. Effect 
of nitrogen on nodulation and yield of irrigated soybeans. 
Agronomy Journal 63(5):815-16. Sept/Oct. [6 ref]
• Summary: Even though early nitrogen-defi ciency 
symptoms were observed for unfertilized soybeans, yields 
were similar to those of soybeans that had received nitrogen 
fertilizer. Address: 1. Research Agronomist, Crops Research 
Div., ARS, USDA, Brawley, 92227; 2. Superintendent, and 
Assoc. in the experiment station, West Side Field Station, 
Univ. of California. Both: California.

1718. Chhonkar, P.K.; Negi, P.S. 1971. Response of soybean 
to rhizobial inoculation with different strains of Rhizobium 
japonicum. Indian J. of Agricultural Sciences 41(9):741-44. 
Sept. [8 ref]
• Summary: Inoculation of the soybean variety Bragg 
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was conducted in rhizobia free soils. Single strains were 
not found to be better than the multiple-strain commercial 
inoculum, but indigenously produced single-strain, peat-
based culture was found to be as effective as imported peat-
based culture containing more than one strain. Address: Uttar 
Pradesh Agricultural Univ., Pantnagar, India.

1719. Singh, J.N.; Negi, P.S.; Tripathi, S.K. 1971. Response 
of inoculated soybean varieties to levels of nitrogen and 
phosphorus in Tarai region of U.P. [Uttar Pradesh]. Indian J. 
of Agronomy 16(3):305-08. Sept. [3 ref]
• Summary: A 2-year fi eld experiment revealed that no 
applied N is required for inoculated soybeans under Tarai 
conditions. The protein content of seed tended to increase 
with increased levels of P, but the yield was not otherwise 
affected by varying doses of P. Address: Dep. of Agronomy, 
Govind Ballabh Pant Univ. of Agriculture and Technology, 
Pantnagar, Uttar Pradesh.

1720. Murphy, Patrick M.; Koch, Burton L. 1971. 
Compatibility of the components of nitrogenase from 
soybean bacteroids and free-living nitrogen-fi xing bacteria. 
Biochimica et Biophysica Acta 253(1):295-97. Nov. 2. [8 ref]
• Summary: Nitrogenase from symbiotic and non-symbiotic 
nitrogen-fi xing agents is composed of two components, both 
of which are necessary for enzyme activity. Nitrogenase 
components of Azotobacter vinelandii and Bacillus 
polymyxa cross-reacted with components of nitrogenase 
from Rhizobium japonicum bacteroids. No evidence of 
a cross reaction was obtained in the case of Clostridium 
pasteurianum. Address: 1. Dep. of Biochemistry, College 
of Agricultural and Life Sciences, Univ. of Wisconsin, 
Madison, WI 53706; 2. Dep. of Agronomy and Soil Science, 
College of Tropical Agriculture, Univ. of Hawaii.

1721. Williamson, A.J.P. 1971. Soybean is an expanding 
crop. Queensland Agricultural Journal 97(11):571-81. Nov. 
[1 ref]
• Summary: Contents: Introduction. Uses of soybean. 
Summer growing legume. Varieties. Description of varieties. 
Rotation. Soils, fertilizers and nodulation. Land preparation 
and tillage. Time of planting. Row and plant spacings. 
Planting. Pests and diseases. Irrigation. Harvesting. Yields. 
Seed handling and storage. Fodder and hay. Marketing.
 “Soybeans have been grown commercially in 
Queensland for several decades but until 1969 the area 
devoted to the crop had not exceeded 5,000 acres. The main 
area of production was the South Burnett and soybeans 
were grown mainly for food. In the past few years, 
considerable research has been conducted on soybeans in 
southern Queensland. Largely as a result of this research, 
the Darling Downs and West Moreton regions are now the 
biggest producers of soybeans. The largest production to 
date for Queensland came from the 1970-71 season when 

an estimated 8,730 tons were harvested from 12,500 acres.” 
Address: Agronomist, Queensland, Australia.

1722. Yadav, N.K.; Vyas, S.R. 1971. Note on the response of 
root-nodule rhizobia to saline, alkaline and acid conditions. 
Indian J. of Agricultural Sciences 41(12):1123-25. Dec. [7 
ref]
• Summary: Optimum pH for rhizobia is neutral or slightly 
alkaline, but species and strains are differently sensitive to 
acidity. Data on optimal, tolerant, sensitive and inhibited 
categories for rhizobial strains associated with Sesbania, 
Crotolaria and Glycine spp. were tabulated. Address: 
Haryana Agricultural Univ., Hissar, India.

1723. Goepfert, C.T. 1971. Importancia do fosforo 
na nodulacao e no rendimento da soja [Importance of 
phosphorus in the nodulation and yield of soybeans]. 
Agronomia Sulriograndense (Porto Alegre) 7:5-9. *

1724. Kovácik, A. 1971. [A variety trial of soyabeans, with 
or without bacterial inoculation, in Tunisia]. Sbornik Institute 
Tropickeho e Subtropickeho Zemedelstvi Vysoka Skola 
Zemedelska v Praze 4:109-18. [3 ref. Fre; eng; rus; spa]*
Address: Ustav genetiky a slechtení, Prague-Ruzyne, 
Czechoslovakia.

1725. Mishustin, E.N. ed. 1971. [The recent achievements in 
the study of the biological nitrogen fi xation]. Moscow: IBP 
Soviet National Committee. 215 p. [Rus]*
• Summary: Has added title page, table of contents and 
summary in English. Address: Akad. Nauk, Moscow, USSR.

1726. Vidor, C.; Freire, J.R.J. 1971. Efeito da calagem e 
da adubacao fosfatada sobre a fi xacao simbiotica pela soja 
[Effect of liming and phosphate fertilization on the symbiotic 
fi xation by soybean]. Agronomia Sulriograndense (Porto 
Alegre) 7(2):181-90. *

1727. Ayala Briceno, Luis Benjamin. 1971. The effect 
of sources, rate, and time of application of nitrogen on 
symbiotic nitrogen fi xation by soybeans and peanuts. MSc 
thesis, University of Georgia. 40 p. *
Address: Venezuela.

1728. Franco, A.A.; Dobereiner, Johanna. 1971. Toxidez 
de manganês de um solo ácido na simbiose soja-Rhizobium 
[Manganese toxicity in an acid soil affecting the soybean-
Rhizobium symbiosis]. Pesquisa Agropecuaria Brasileira, 
Serie Agronomia 6(4):57-66. [15 ref. Por; eng]
• Summary: The host plants showed a high sensitivity to 
soil Mn. Dilution of the soil with sand increased N fi xation 
and plant growth 4 to 6 times, and the addition of lime 2 to 
3 times. Nodule number, weight and size were even more 
affected by Mn toxicity. Soybean varieties and Rhizobium 
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strains varied as to tolerance. Address: Instituto de Pesquisas 
e Experimentacao Agropecuarias do Centro Sul), Km 47, 
Campo Grande, GB. ZC-26, e bolsista do Conselho Nacional 
de Pesquisas (CNPq 7105/68).

1729. Galletti, P.; Franco, A.A.; Azevedo, H.; Dobereiner, 
J. 1971. [Effects of excessive soil temperatures in the 
symbiosis of soybean (Glycine max L. Merril)]. Pesquisa 
Agropecuaria Brasileira, Serie Agronomia 6(4):1-8. [8 ref. 
Por; eng]
• Summary: “Abstract: In three greenhouse experiments the 
effects of high soil temperature on nodulation and nitrogen 
fi xation were studied on four soybean varieties.
 “Daily maximal temperatures above 33ºC reduced 
nodule initiation and nodule effi ciency while nodule growth 
was less affected.

“Rhizobium strains occurring naturally in the soil 
seemed more tolerant to excessive soil temperature than 
selected strains.
 “Soybean varieties and Rhizobium strains varied in their 
tolerance to excessive soil temperatures.” Address: Inst. de 
Pesquisas Agropecuarias, Uberaba, Centro-Oeste, C.P. 57, 
Uberaba, Minas Gerais, Brasil.

1730. Hymowitz, T.; Jethmalani, S.C.; Tiwari, K.L.; 
Walker, W.M. 1971. Effect of inoculum, variety, nitrogen, 
phosphorus, and potassium on yield, protein, and oil content 
of soybeans at Jabalpur, M.P., India. Communications in Soil 
Science and Plant Analysis 2(4):283-92. [14 ref]
• Summary: There is a great need for information on 
soybean management and productions practices in India. 
This study, conducted in 1967 on research plots of the 
Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV) 
found: “Regardless of inoculum or fertility rate Bragg 
outyielded Clark 63 soybeans. Yields of Bragg and Clark 
63 were increased by about 1000 kg per ha by treatment 
with inoculum at the rate of approximately 313,000 bacteria 
per seed. At the highest rate of applied Nitrogen, yields 
of uninoculated soybeans, were lower than the inoculated 
soybeans at the lowest applied Nitrogen rate. Phosphorus 
fertilizer increased yields at a decreasing rate and yields 
were decreased at the highest rate of applied phosphorus. 
Potassium fertilizer had a negative affect on soybean yields 
and did not signifi cantly effect the protein or oil content of 
soybean seed. With increasing phosphorus fertilizer rates, 
there was a decrease in oil content and an increase in protein 
content of soybean seed.” Address: Agronomy Dep., Univ. of 
Illinois at Urbana-Champaign, Urbana, Illinois 61801.

1731. Jethmalani, S.C.; Tiwari, K.L.; Hymowitz, T.; Walker, 
W.M. 1971. Effect of inoculum, variety, phosphorus, and 
potassium on certain attributes of two soybean varieties at 
Jabalpur, M.P., India. Communications in Soil Science and 
Plant Analysis 2(4):301-10. [11 ref]

• Summary: In 1967 an experiment to determine the effect of 
inoculum, nitrogen (N), phosphorus (P) and potassium (K) 
on certain attributes of two soybean varieties was conducted 
at JNKVV. The experimental area in which the soybeans 
were planted had had no previous history of soybean 
production and contained few, if any, soybean rhizobia 
bacteria.
 “Plant height, height to fi rst pod, lodging, seed quality, 
and seed weight were affected by applied N. Applied P had 
a quadratic effect upon plant height [related to the square 
of the height], while plant height decreased linearly with 
increasing levels of applied K... Uninoculated plants had 
seed with poorer seed quality scores and lower seed weights 
than inoculated plants. Applied P increased seed weight.” 
Address: Dep. of Agronomy, Jawaharlal Nehru Krishi 
Vishwa Vidalaya, Jabalpur (JNKV), Madhya Pradesh, India.

1732. Littlejohns, D.A.; Frayne, L.I.; Buzzell, R.I. 1971. 
Soybean production in Ontario. Ontario Department of 
Agriculture and Food, Publication No. 173. 15 p. AGDEX 
141/10. [5 ref]
• Summary: Contents: Introduction. Growing soybeans: 
Selecting varieties, planting, seedbed preparation, row 
width, seeding rate, seed treatment, inoculation, fertility, 
weed control, soybean diseases, insects, harvesting, storage, 
production costs, marketing soybeans as a cash crop, feeding 
soybeans. Ontario Soybean Committee. Sources of additional 
information. Address: Ridgetown College of Agricultural 
Technology, Ridgetown, ONT, Canada.

1733. Mishustin, E.N.; Shil’nikova, V.K. ed. 1971. 
Biological fi xation of atmospheric nitrogen, translated [from 
the Russian] by Alan Crozy. London: Macmillan. ix + 420 + 
[10] p. Illust. Index. 25 cm. [500+* ref]
• Summary: This is an English translation of Biologicheskaia 
fi ksatsiia atmosfernogo azota.
 Contents: List of plates. Foreword. 1. Introduction. 
1 2. Assimilation of molecular nitrogen by leguminous 
plants in symbiosis with bacteria. 3. Symbiotic assimilation 
of nitrogen by non-leguminous plants. 4. Structure and 
development of Azotobacter. 5. Nitrogen fi xing bacteria 
of the genus Beijerinckia. 6. Anaerobic nitrogen fi xers 
(genus Clostridium). 7. Nitrogen fi xation by blue-green 
algae 8. Other groups of nitrogen fi xing micro-organisms. 
9. The chemistry of the fi xation of molecular nitrogen by 
microorganisms.
 “Foreword:... This book looks at the process of 
biological nitrogen fi xation in the soil. It pays special 
attention to the practical utilization of nitrogen fi xation in 
agriculture, since nitrogen assimilated by micro-organisms 
(`biological’ nitrogen) can replenish substantially the 
nitrogen reserves of the soil, and help to improve soil 
fertility. Biological nitrogen makes it possible to counteract 
a shortage of mineral nitrogenous fertilizers and to use these 
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fertilizers more economically. There is an immense literature 
concerned with nitrogen fi xation- by micro-organisms–either 
symbiotic with plants or living free in the soil. Shil’nikova 
and I do not intend to give an exhaustive general survey 
of the world literature, but take as our principal starting 
point recent investigations, which in our judgment are of 
fundamental interest. Undoubtedly, factors of a subjective 
nature will be involved. As well as published material, the 
book presents the results of our own experimental work 
with various groups of nitrogen-fi xing micro-organisms. 
The book is concerned chiefl y with problems of the biology 
and ecology of nitrogen-fi xing organisms. There is only a 
brief review of the biochemistry of the process–this problem 
warrants a special monograph.
 “E.N. Mishusiin. Corresponding Member of the USSR 
Academy of Sciences and Honoured Man of Science of the 
RSFSR.”
 Introduction: Table 1.1 shows “World production of 
fertilizers” in 1913, 1938, 1962, and 1964. During this 
period, world production of nitrogenous fertilizers increased 
29-fold (from 0.51 million tonnes to 14.5 million tonnes), 
compared with 8.4-fold for potassium fertilizers and 5.8 fold 
for phosphorus fertilizers. Most of this nitrogen fertilizer was 
produced by agriculture, and only about 10% by industry. 
Address: Akad. Nauk, Moscow, USSR.

1734. Sen, Ratna; Bhaduri, P.N. 1971. Relationship 
between the number and specifi c volume of nodules in 
different species of Phaseolus and in Glycine max. Indian 
Agriculturist 15(1&2):175-183. [25 ref]
• Summary: “Abstract: The exact relation between nodule 
size and their abundance which determine the amount of 
nitrogen fi xing tissue of a particular species has been studied 
in seven species and a number of varieties of Phaseolus and 
Glycine max EC 86.
 “The number of nodules increased progressively with 
the age of the host until the peak period of nodulation was 
attained. The decline in number after this peak period was 
due to the progressive degeneration of the nodules.
 “The size and abundance of nodules varied considerably 
but there was a distinct inverse relationship between the 
two...” Address: Dep. of Botany, Burdwan Univ., Burdwan, 
India.

1735. Skrdleta, V.; Mareckova, H. 1971. Serotyping of 
fresh and/or dried soybean root-nodules. Zentralblatt fuer 
Bakteriologie. Series 2 126(7):656-58. [6 ref. Eng; ger]
• Summary: Efforts to serotype 462 fresh and 472 dried 
root nodules demonstrated that drying had a time-related 
effect on immune diffusion results. Address: Dep. of Soil 
Microbiology, Inst. of Plant Nutrition, Research Institutes of 
Crop Production, Prague 6–Ruzyne, Czechoslovakia.

1736. Sundara Rao, W.V.B. 1971. Field experiments on 

nitrogen fi xation by nodulated legumes. Plant and Soil. 
Special volume. p. 287-91. Biological Nitrogen Fixation 
in Natural and Agricultural Habitats: Proceedings of the 
Technical Meetings on Biological Nitrogen Fixation of the 
International Biological Programme (Section PP-N), Prague 
and Wageningen, 1970. Editors: T.A. Lie and E.G. Mulder. 
[1 ref]
• Summary: These fi eld experiments were conducted as 
part of a “programme in Theme 3 of... Biological Nitrogen 
Fixation.”
 A positive yield response to soybean inoculation was 
reported at all sites tested in India. Peat-based inocula, using 
strains selected at the Division of Microbiology, IARI, 
were tested at the following places, each having a different 
soil type: Pantnagar, Jabalpur, Kalyani, Amravati, Katrain, 
and Junagarh. For comparison, the imported commercial 
cultures “Nitragin” and “Legume-aid” were also included 
in the treatments. The soybean variety Bragg was used at 
all sites except Katrain, where Lee was used. In soils where 
indigenous Rhizobium japonicum was absent, inoculation 
increased soybean yields and the additional fi xed nitrogen 
removed by the soybeans amounted to 40 to 120 kg/
ha. Groundnuts and gram also responded to Rhizobium 
inoculation; lucerne did not.
 Note: This is the earliest English-language document 
seen (Aug. 2018) that uses the term “Biological Nitrogen 
Fixation” in connection with soybeans. Address: Div. of 
Microbiology, Indian Agricultural Research Inst., New 
Delhi-12, India.

1737. Malawi Agricultural Research Council, Annual Report 
(Thondwe, Malawi, ARC). 1971? Soil microbiology. 86 p. 
For the year 1970. See p. 29-35. Undated. [1 ref]*
Address: Makoka Research Station, Thondwe, Malawi.

1738. Cooper, Richard L. 1972. Soybean varieties of the 
future. Soybean Digest. Jan. p. 10-13. Publication No. 685 of 
the U.S. Regional Soybean Laboratory. [2 ref]
• Summary: “Higher yield has been and will continue to 
be the major goal in future varieties. Other objectives will 
be increased disease and insect resistance and changes 
in chemical composition of the seed (i.e., higher protein, 
different fatty acid composition, etc.).
 “Yield is determined only in part by the variety. The 
environment in which it is grown also plays a major role in 
determining the yield obtained.
 “Thus, to guide the breeder in this quest for higher 
yielding varieties, a knowledge of the environmental factors 
limiting soybean yields is very helpful. These major factors 
are light, moisture, fertility, and pest resistance. Higher 
yielding varieties depend, to a great extent, on overcoming 
some of these limiting environmental factors.
 “Improved light use effi ciency: Recent evidence 
(Jan. 1970 Soybean Digest) has indicated that when 
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presently available varieties are grown in highly productive 
environments, excess vegetative growth tends to occur, 
resulting in early lodging which may reduce yields as much 
as 25% to 30% (i.e., 55 bu/a versus 70 bu/a).
 “This reduction in yield is attributed primarily to the 
reduced light use effi ciency that results when early lodging 
disrupts the highly organized plant canopy. The canopy 
height may be reduced 50% or more, greatly increasing the 
mutual shading of leaves.
 “While use of lower seeding rates has been partially 
successful in reducing lodging and increasing yields of 
currently grown varieties, it is evident that varieties of the 
future must have greater lodging resistance if yields are to 
continue to increase. Considerable effort by both public 
and private breeders is being placed on the development 
of shorter, semidwarf varieties, which are better adapted to 
highly productive environments. These varieties will have 
greater lodging resistance and will put a greater percentage 
of the dry matter produced into seed, rather than into 
excessive vegetative growth.
 “Lodging is not the only factor that infl uences light use 
effi ciency. Canopy shape, leaf angle, leaf shape, total leaf 
area, and photosynthetic rate per unit leaf area are other 
variety characteristics which infl uence light use effi ciency. 
Theoretically, a variety with an open canopy, erect, small 
or narrow leaves, and high photosynthetic rate per unit leaf 
area, combined with adequate but not excessive total leaf 
area, would be an optimum plant type from the standpoint of 
light use effi ciency.
 “Such traits are currently being studied in cooperative 
efforts between plant physiologists and plant breeders. This 
research may well lead to the development of such plant 
types in future varieties.
 “One cannot adequately discuss light use effi ciency 
without considering plant distribution. Planting patterns 
(row spacing and population per acre) have a major effect on 
light use effi ciency. The optimum planting pattern may be 
quite different for new semidwarf varieties than for existing 
varieties. For example, solid seeding (6- or 7-inch rows) at 
two plants per foot, giving approximately equidistant plant 
spacing, may be necessary to maximize yields with these 
new plant types.
 “More effi cient use of moisture: Most years, and on 
most soils, moisture plays an important role in limiting 
soybean yields. Varieties of the future will make more 
effi cient use of available moisture. One of the best ways to 
increase moisture use effi ciency (bu/acre inch of water) is by 
development of higher yielding varieties.
 “A more direct approach is to develop varieties with 
more extensive root systems, more effi cient vascular systems 
and lower transpiration rates (a function of rate/unit leaf area 
and total leaf area). These traits are currently being studied 
by the plant physiologists, and ultimately may be included in 
future varieties by the plant breeder.

 “Better soil management practices, to improve 
moisture penetration and water holding capacity, will also 
play an important role in improved water use effi ciency. 
With semidwarf varieties of the future, use of irrigation 
on soybeans may become more widespread. With current 
varieties, severe lodging often occurs under irrigation with 
yields leveling off at 50 to 60 bu/a. With new, semi-dwarf 
varieties, yields of 80 to 90 bu/a and higher may be possible. 
making irrigation of soybeans more attractive economically.
 “Increased response to fertility: It is well established that 
top yields are produced on soils with high fertility. It is also 
well established that economic responses can be obtained 
from P and K fertilization on soils testing low in P and K. 
Much less understood, however, is the response of soybeans 
to soil nitrogen.
 “Nitrogen, combined with the development of varieties 
with greater lodging resistance, has played a key role in yield 
breakthroughs of corn, wheat, and rice. Thus there is reason 
to suspect that nitrogen may also play a key role in a yield 
breakthrough in soybeans.
 “Yet yield responses from N fertilization of soybeans 
have, in general, been small. Failure to achieve larger yield 
responses may be due to numerous factors. For example, 
in some studies, nitrogen fertilization has stimulated early 
vegetative growth, resulting in increased early lodging which 
may have cancelled out the potential benefi t of the applied 
nitrogen.
 “Another factor is that the addition of 100 to 200 pounds 
of N fertilizer/a tends to reduce nitrogen fi xation; and hence 
these two sources of nitrogen tend to cancel out each other 
with no net gain in total nitrogen to the plant.
 “Soybeans are a legume, and as such, when nodulated 
with Rhizobium bacteria, are able to obtain part of their 
nitrogen from the air (nitrogen fi xation). Considerable 
research is currently underway to develop better Rhizobium 
strain x soybean variety combinations that will fi x nitrogen 
more effi ciently and thereby increase soybean yields.
 “Just how much of the nitrogen demand of the plant 
is met through fi xation and how much is taken up from 
the soil is an uncertainty. It is, in part, a function of the 
nitrogen level of the soil. The higher the soil N, the lower 
the percentage fi xed. Recent estimates, using a new assay 
technique (acetylene-reduction), have indicated that fi xation 
may account for about one-half of the total nitrogen need of 
fi eld-grown soybeans. The rest must then be obtained from 
the soil.
 “Recent research evidence suggests, that with currently 
grown varieties, which were selected under a system of 
nodulation, some method of nitrogen application or form 
of nitrogen must be found that will make soil nitrogen 
and N-fi xation complimentary if maximum yields are to 
be obtained. An alternative approach might be to develop 
Rhizobium strains tolerant to high soil nitrogen. Yet another 
approach is to develop non-nodulating soybean varieties 
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which obtain all their nitrogen from the soil and are as 
responsive to nitrogen fertilizer as many nonlegume crops.
 “All these approaches to improve the nitrogen 
metabolism of soybeans are currently being explored. The 
approach that proves to be most successful will be a major 
factor in determining the genetic makeup of future varieties.
 “Pest resistance: The longer any crop is grown, the 
greater the possibility that pests will develop that will 
attack the crop. This is true of soybeans–for example, the 
development of phytophthora root rot, bacterial pustule, and 
cyst nematode.
 “Fortunately, plant breeders, in cooperation with plant 
pathologists and nematologists, have been quite successful in 
development of varieties resistant to these pests. However, it 
is a never-ceasing battle, where new diseases occur or more 
virulent strains of already existing pests develop, which 
break down the resistance of previously resistant varieties 
(e.g., the new strain of cyst nematode).
 “Insects have long been a problem in the South and 
may be becoming more important in the North. A source of 
Mexican bean beetle resistance has recently been discovered 
and may be an important breakthrough in breeding for 
resistance to this pest. Leafhoppers can cause considerable 
damage in northern states on varieties with less than 
normal pubescence (hairs). Experimental lines with dense 
pubescence are available and this trait may play an important 
role in insect resistance of future varieties.
 “Future varieties may also have resistance to such 
common diseases as brown stem rot, downy mildew, 
charcoal rot, and bacterial blight, to mention a few. The 
necessity for resistance to the numerous plant pests, i.e., 
fungi, bacteria, viruses, nematodes, and insects, will become 
of increasing importance in future varieties.
 “Weeds are another class of plant pests, in that they 
compete with soybeans for light, moisture, and nutrition. 
With development of more reliable herbicides, the necessity 
of breeding plant types for competitiveness with weeds 
may diminish.” Continued. Address: Research agronomist, 
Plant Science Research Div., Agricultural Research Service, 
USDA, and Assoc. Prof., Dep. of Agronomy, Univ. of 
Illinois, Urbana, Ill. 61801.

1739. Chatterjee, B.N.; Roy, B.; Maiti, S.; Roquib, M.A. 
1972. Effect of lime and Rhizobium strains on the growth 
and yield of soybean (Glycine max (L.) Merr.). Indian J. of 
Agricultural Sciences 42(2):130-34. Feb. [6 ref]
• Summary: Field experiments in leached sandy loam, 
alluvial and slightly acid soils revealed differences in grain 
yield due to Rhizobium strains, and that liming helped in 
increasing grain yield, dry matter accumulation, nodulation 
and N, P and Ca contents in plants. High doses of N reduced 
nodulation but increased the yield, as did liming. The effects 
of lime and rhizobial strain persisted in soils for 3 years. 
Address: Faculty of Agriculture, Univ. of Kalyani, Kalyani, 

India.

1740. Ghorashy, S.R.; Niknejad, M.; Kheradnam, M. 1972. 
Effect of planting date, nitrogen fertilization and inoculation 
on the yield of soybean in Iran. Indian J. of Agricultural 
Sciences 42(2):127-29. Feb. [7 ref]
• Summary: “Soybean was introduced into Iran more than 30 
years ago [i.e., before 1942]. But it is only recently that an 
extensive research has been initiated to develop a production 
system for this crop.” This experiment was conduct in 1968 
and 1969 at the Experimental Farm of the Pahlavi University 
in Iran.
 Optimum planting dates for Iran in this experiment were 
April 17-27. Planting after May 17 reduced the yield of all 
varieties. Application of N (85 kg/ha) either at the time of 
planting or at fl owering gave the highest yield (2,107 kg/ha). 
Inoculation had no effect in 1968, but increased the yield in 
the second year. Address: Pahlavi Univ., Shiraz, Iran.

1741. Harper, J.E.; Hageman, R.H. 1972. Canopy and 
seasonal profi les of nitrate reductase in soybeans (Glycine 
max. L. Merr.). Plant Physiology 49(2):146-54. Feb. [11 ref]
• Summary: The soybeans were grown in both fi eld plots 
and in outdoor hydroponic gravel culture.
 “Nitrogen fi xation is normally initiated in soybeans 20 
to 30 days after planting.”
 “Nitrate reductase activity per gram fresh weight per 
hour was highest in the uppermost leaf just prior to full 
expansion and declined with leaf positions lower in the 
canopy. Total nitrate reductase activity per leaf was also 
highest in the uppermost fully expanded leaf during early 
growth stages. Maximum total activity shifted to leaf 
positions lower in the plant canopy with later growth stages.
 “Nitrate reductase activity of soybeans grown in 
hydroponic systems was signifi cantly higher than activity 
of adjacent soil grown plants at later growth stages, which 
suggested that under normal fi eld conditions the potential 
for nitrate utilization may not be realized.” Address: 1. Plant 
Science Research Div., ARS, USDA, Urbana, Illinois.

1742. Soybean Digest. 1972. Nitrogen fi xation breakthrough 
coming? Feb. p. 25.
• Summary: Research at Du Pont (by biologists Ralph 
W.F. Hardy and Richard D. Holsten) shows “that the usual 
nitrogen fertilizers reduce the ability of protein-rich soybeans 
to use atmospheric nitrogen and have no signifi cant effect on 
crop yield.” Yet the use of soybean meal as a fertilizer can 
increase yields by more than 20%.
 “The paradox of nitrogen–want in the midst of plenty–
has plagued agriculture for centuries. Nitrogen, essential to 
all life, is one of the most abundant resources, comprising 
79% of the atmosphere. However, nature has provided only 
a single biological mechanism for making it available. That 
mechanism is biological nitrogen fi xation.”
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 The great research challenge for a nitrogen-starved 
world is how to transform “free nitrogen to ammonia to 
amino acids and proteins, the building blocks of life.”

1743. Weaver, R.W.; Frederick, L.R. 1972. Short 
communication: A new technique for most-probable-number 
counts of rhizobia. Plant and Soil 36(1-3):219-22. Feb. [10 
ref]
• Summary: “Summary: MPN (most-probable-number) 
counts of rhizobia by using legumes grown in plastic 
pouches were essentially equal to pour-plate counts. By 
using plastic pouches, 60 growth units could be placed 
in 684 square cm of bench space, and only 20 minutes 
were required to prepare and seed 60 plastic pouches for 
inoculations.” Address: 1. Dep. of Soil and Crop Sciences, 
Texas A&M Univ., College Station, Texas 77843.

1744. Abu-Shakra, S.; Bassiri, A. 1972. Effect of inoculation 
and nitrogen fertilization on nodulation, seed yield and 
quality of soya beans. J. of Agricultural Science (Cambridge, 
UK) 78(2):179-82. April. Journal Paper No. 257 of the 
Faculty of Agricultural Sciences, American Univ. of Beruit, 
Lebanon. [12 ref]
• Summary: “The soya bean has received very little attention 
in the Middle East and it is not yet a commercial crop in 
this region. A limited study was conducted on the dates of 
planting, variety adaptability, and spacings of soya beans 
at the Agricultural Research and Education Center of the 
American University of Beirut, Bequa’a Plain, Lebanon. 
The present study was undertaken to fi nd out more about 
the characteristics of this crop as affected by the history of 
the land, different rates of seed inoculation, and nitrogen 
fertilization under the environmental conditions of this area.” 
The Clark variety of soya beans were studied.
 Conclusion: “Soya beans grown on land planted the 
previous year with inoculated soya beans produced more 
nodules, lodging, seed yield, 1000 seed weight (204.8 
gm vs. 186.0 gm), and protein content, and less seed oil 
concentration as compared with those grown on land that 
was planted with non-inoculated soya beans. Nitrogen 
fertilization (120 kg N/ha) reduced the total number of 
nodules per plant.”
 Note: This paper was received by the publisher in 
England on 6 Sept. 1971. The dates that soybeans were 
planted in Lebanon are not given, however they must 
have been planted by mid-1971. A paper by Saghir and 
Bhatti (1971) strongly suggests that they may have been 
fi rst planted in about August 1968. Address: Dep. of Crop 
Production and Protection, Faculty of Agricultural Sciences, 
American Univ. of Beirut, Lebanon.

1745. Coscia, Adolfo. 1972. Soja: Sus perspectivas 
económicas en la Argentina [Soya: Its economic prospects in 
Argentina]. Estacion Experimental Regional Agropecuaria 

Pergamino (INTA, Argentina), Informe Tecnico No. 112. 57 
p. April. [15 ref. Spa; eng]
• Summary: Summary: Summary (In Spanish and English). 
Introduction. Sources of information. 1. Production. 2. 
Commercialization. 3. Analysis of prices. 4. Uses. 5. Internal 
demand. 6. International demand. 7. The soybean in other 
countries: USA, Brazil, countries of the Orient. 8. Summary 
and conclusions.
 Chapter 1 (p. 5) states: “The history of the soybean 
in our country is by no means relatively recent. In the 
agricultural year 1910/11 tests were conducted that continued 
in the years that followed in the experimental station 
adjoining the National Agriculture and Livestock School in 
Córdoba (la Escuela Nacional de Agricultura y Ganadería 
de Córdoba). In the opinion of those who conducted the test, 
“the results obtained are some of the most satisfactory and 
are considered as proof of the adaptation of this plant to the 
region (Tonnellier 1912). We should mention that one of 
these experiments was conducted by planting soybeans in 
wheat stubble. That indicates that the researchers foresaw the 
possibility of using the soybean as a second crop following 
wheat. The yield of soybeans in this fi rst trial in 1911/12 was 
1,414 kg/ha. Those experimental trials continued and even 
came to include other institutions such as the José C. Paz 
Experimental Station connected with the private fi rm Buenos 
Aires–Pacifi c Railroad Co. (la empressa del Ferrocarril 
Buenos Aires al Pacífi co).
 “Fourteen years after the trials began at the experimental 
station at Córdoba, in 1924, the National Ministry of 
Agriculture initiated an active campaign to disseminate 
and popularize the soybean in Argentina. In the ministry’s 
Circular 307 of August 1924, they emphasize the importance 
of its cultivation, its various applications, and the need for 
promoting it in Argentina. This campaign was considered 
successful in arousing curiosity and interest in trying the 
cultivation of this plant throughout the country (Faura 1933).
 “That year [1924] 15,000 kg of 15 different varieties 
of soybean seeds were acquired in the United States and 
distributed not only among the experimental stations and 
agricultural schools (that of Casilda, among others), but 
also at no charge to the great number of farmers who 
demonstrated interest in this crop. As a result of this large 
distribution of seed, aimed at the testing and promotion of its 
cultivation, it was possible to compile a large number of facts 
related to the adaptation of varieties in different regions...
 “The fi rst offi cial statistics on this crop began to be 
published in the agricultural year 1941/42. In 1961/62 the 
area sown surpassed 10,000 hectares for the fi rst time.
 “The habit of consuming vegetable oils in Argentina was 
expanded as a result of the great affl uence of the European 
immigrants from the Mediterranean area (Italians and 
Spaniards) that took place at the beginning of the last third 
of the 1800s. For decades, that demand was covered through 
importation, especially of olive oil from Italy and Spain.
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 “The rapid growth of the internal Argentinian market, 
on the one hand, and the restrictions imposed on foreign 
trade by the crisis of 1930, and afterwards by the Spanish 
Revolution and World War II, forced the country to swiftly 
develop a domestic substitute.” A competition took place in 
Argentina to cover the oil defi cit, and sunfl ower seeds won 
out over other oilseeds, such as peanuts. Between 1929 and 
1949 the area cultivated to sunfl owers went from 400 ha 
to 1,800,000. That production covered most of the internal 
needs. Seven reasons are given to explain why sunfl owers 
surpassed the other oilseed crops in general and soybeans 
in particular: 1. They are simpler to produce and process. 2. 
Production was quickly mechanized. 3. Better adaptation of 
the available varieties. 4. The fact that soybeans enrich the 
soil with nitrogen was not fully appreciated until recently. 
5. Limited development of agricultural experimentation. 
6. Financial credit, promotion, and extension work was 
devoted to mainly to sunfl owers, followed by peanuts. 7. The 
inclusion of soybeans among those crops with an offi cial 
support price did not begin until 1965/66. Sunfl owers and 
peanuts have enjoyed that support for many years. During 
the 1930s and even during the fi rst 8-10 years after World 
War II, the oil was more important than the fl our or expeller 
meal.
 “Starting 30 years ago, specifi cally since the crop year 
1941/42, the Department of Agricultural Estimates (la 
Dirección de Estimaciones Agrícolas) has compiled and 
published statistical information on soybeans (as shown 
in Table 1 and Graph 1).” Prior to 1961 soybean area and 
production were very small and stable, averaging about 1,300 
ha and 850 tonnes per year. The crop found itself practically 
limited to the province of Misiones. Then in 1961/62 a new 
stage began. During the fi ve years from 1961/62 to 1965/66 
soybean area averaged 15,441 ha and production averaged 
15,828 tonnes. During the next fi ve years, ending in crop 
year 1970/71, the area averaged 28,040 ha and production 
averaged 32,020 tonnes. Crop year 1970/71 set dramatic new 
records with 37,600 ha yielding 59,000 tonnes.
 “The soybean in Argentina is cultivated mainly in three 
regions: Pampeana (south of Santa Fe and north of Buenos 
Aires), the northeast (including Misiones), and the northwest 
(Tucumán). In Pampeana the School of Agriculture of 
Casilda introduced the cultivation of the soybean in 1927. 
Peanuts had previously been an important oilseed.
 Private action in the promotion of soybeans. The fi rst 
private work was done in 1920/21 by the Buenos Aires–
Pacifi c Railroad Co. at its experimental station José C. Paz, 
and on the farms of Guatraché, Junín and San Rafael which 
initiated trials with different soybean varieties. Promising 
results were published in 1922.
 Ten years later, in 1932, the oil mill and refi nery “Río 
Segundo” in the province of Córdoba conducted an intensive 
promotional campaign for this crop and facilitated the sale of 
soybean seeds to farmers, who eventually sowed 6,000 ha.

 In the late 1950s a private commercial company 
developed another intensive soybean promotional campaign, 
especially in the south of Santa Fe province and in the north 
of Buenos Aires province. It was successful in that many 
producers incorporated the soybean into their agricultural 
production. But the company’s economic development was 
unfavorable and a large percentage of the producers that had 
adopted the soybean later abandoned it.
 More recently, at the Second National Meeting 
on Soybeans in Oct. 1970, it was decided to create a 
Permanent Commission for the Promotion of Soybeans. 
This commission is composed of delegates from various 
institutions, both offi cial and private, related to the 
production, commercialization, industrialization, and 
consumption of the soybean and its products. The purpose 
of this commission is comprehensive, ranging from the 
promotion of the crop itself to lobbying offi cial and private 
organizations for the adoption of measures aimed at 
developing this crop using an integrated approach.
 At about the same time an Association of Soybean 
Producers was created in the city of Corrientes. It will defend 
the interests of soybean producers and promote their crop 
throughout the country. Address: INTA, Argentina.

1746. Balasundaram, V.R.; Iswaran, V.; Sundara Rao, W.V.B. 
1972. Interactions between soybean (Glycine max [L.] Merr.) 
genotypes and different isolates of Rhizobium japonicum. 
Indian J. of Agricultural Sciences 42(5):387-389. May. [6 
ref]
• Summary: Eight isolates and Nitragin showed varying 
abilities to nodulate 6 varieties of soybean. Many isolates 
were incompatible with soybean varieties Hardee and 
Geduld. Evidence suggests the existence of another strain-
specifi c gene in Geduld. Address: Indian Agricultural 
Research Inst. (IARI), New Delhi, India.

1747. Streeter, John G. 1972. Nitrogen nutrition of fi eld-
grown soybean plants. I. Seasonal variations in soil nitrogen 
composition of stem exudate. Agronomy Journal 64(3):311-
14. May/June. [19 ref]
• Summary: “During growth stages following fl owering 
the amino acid concentration in the exudate was many 
times the nitrate concentration, which did not vary with 
fl uctuations in nitrate content of the soil. Asparagine was the 
predominant amino acid in the stem exudate at all harvest 
dates; asparagine N as per cent of total amino acid-N was 
61% over the entire experiment. The grand mean for amino 
acid-N concentration in exudate was double the grand mean 
for nitrate-N concentration.”
 “The soybean... plant, like other legumes, has available 
two options in obtaining suffi cient N for growth and 
reproduction: N fi xation or absorption and assimilation 
of inorganic N.” Address: Asst. Prof. of Agronomy, Ohio 
Agricultural Research and Development Center, Wooster, 
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Ohio.

1748. Streeter, John G. 1972. Nitrogen nutrition of 
fi eld-grown soybean plants. II. Seasonal variations in 
nitrate reductase, glutamate dehydrogenase and nitrogen 
constituents of plant parts. Agronomy Journal 64(3):315-19. 
May/June. [21 ref]
• Summary: “Nitrate reductase content of the leaves was also 
highest preceding fl owering while glutamate dehydrogenase 
showed the opposite trend, increasing four-fold from 
the fl owering stage to latter stages of seed development. 
Seasonal averages indicated that asparagine was the 
predominant free amino acid in stems and fruits. Asparagine 
content of leaves decreased approximately 20-fold and 
stems 100-fold from the fi rst to the thirteenth harvest. The N 
nutrition of the soybean plants in this experiment appeared 
to be dependent on nitrate assimilation prior to fl owering, 
but strongly dependent on the assimilation of ammonia from 
N fi xation from the fl owering stage to maturity.” Address: 
Asst. Prof. of Agronomy, Ohio Agricultural Research and 
Development Center, Wooster, Ohio.

1749. Karbachsch, M. 1972. [Effect of mixing Rhizobium 
japonicum with soil and different amounts of nitrogen 
fertilizers on soybean yield]. Iranian J. of Plant Pathology 
8(2):30-31, 68-74. June. [7 ref. Per; eng]
• Summary: “The results of the trials indicated that:
 “1–Both the bacteria and the N-fertilizers had signifi cant 
effects on soybean yield. However, bacteria effects were 
more pronounced than those of the N-fertilizers.
 “2–There were no signifi cant interactions between the 
bacteria and the N-fertilizers.
 “3–Addition of N above what is supplied by the bacteria 
does not give any results.
 “4–By comparing the effects of N-fertilizers and those 
of the bacteria it can be concluded that the effect of bacteria 
in increasing the soybean yield was greater than the effect of 
120 kg N/ha.
 “5–Mixing of bacteria with the seeds, in the soils where 
soybean is planted for the fi rst time, may not produce the 
nodules in the fi rst year. As recent investigations have 
shown, mixing of bacteria with the soil is a more preferable 
method.”
 Note: An English-language summary is on pages 30-31; 
the full article in Farsi in on pages [68-74]. Address: Soil 
Dep., Agricultural College, Rezaieh, Iran.

1750. Sprent, Janet I. 1972. The effects of water stress on 
nitrogen-fi xing root nodules. IV. Effects on whole plants of 
Vicia faba and Glycine max. New Phytologist 71(4):603-11. 
June. [10 ref]
• Summary: Experiments confi rmed that water en route from 
the root to the shoot system could be withdrawn by stressed 
nodules. A high degree of correlation between soil-water 

content and nitrogen-fi xing activity was shown. Maximum 
fi xation occurred at about fi eld capacity. Above this, 
activity was reduced due to waterlogging. Address: Dep. of 
Biological Sciences, Univ. of Dundee, Scotland.

1751. Demetrio, Jefren L.; Ellis, R., Jr.; Paulsen, G.M. 1972. 
Nodulation and nitrogen fi xation by two soybean varieties as 
affected by phosphorus and zinc nutrition. Agronomy Journal
64(5):566-68. Sept/Oct. [22 ref]
• Summary: “Zinc defi ciency decreased shoot weights, Zn 
concentrations in all plant parts, nodule weights, nodule 
leghemoglobin concentrations, and amounts of N fi xed. 
Growth and P and Zn concentrations in one or more plant 
parts and nodule weights were greater for the P-tolerant 
variety than for the P-sensitive variety.” Address: Dep. of 
Agronomy, Kansas Agric. Exp. Station..

1752. Matsumoto, Shigeo; Ohba, Torao. 1972. Growing 
techniques of soybean in Japan. Tropical Agriculture 
Research Series No. 6. p. 75-86. Sept. Symposium on Food 
Legumes. [12 ref]
• Summary: Contents: Ecotypes of soybean varieties 
and local distribution. Soybean cultivation in west 
Japan: Summer soybean cultivation, autumn soybean 
cultivation, inoculation of root nodule bacteria, fertilizer, 
application, rotation system. Soybean cultivation in east 
Japan: Characteristics of soybean cultivation in east Japan, 
cultivation methods. Discussion.
 Summer soybeans, which are early-maturing varieties, 
belong to ecotypes Ia, Ib, and IIa, and are grown either in far 
northeastern Japan (Hokkaido) or in far southwestern Japan 
(southern Kyushu). However summer soybeans give low 
yields when grown in southwestern Japan, and are almost 
never grown there.
 Autumn soybeans, which are late-maturing varieties, 
belong to ecotypes IVc and Vc, and are grown either on the 
island of Shikoku or in northern Kyushu in southwestern 
Japan. Address: Second Agronomy Div., Tohoku National 
Agric. Exp. Station, Morioka-shi, Japan.

1753. Vest, Grant; Caldwell, B.E. 1972. Rj4–a gene 
conditioning ineffective nodulation in soybean. Crop Science 
12(5):692-93. Sept/Oct. [5 ref]
• Summary: The symbol RJ4 is designated as the gene 
conditioning ineffective nodulation, and rj4 as the allele 
conditioning effective nodulation in soybeans inoculated 
with R. japonicum strain 61.
 Even though the soybeans are inoculated, the nodules 
are ineffective and do not fi x nitrogen (Nod+Fix).
 “Three genes conditioning nodulation responses in 
soybean... have been reported (1, 4, 5). The recessive gene 
rj1 (formerly no) conditions a nonnodulating response in 
soybean when inoculated with all strains of Rhizobium 
japonicum (Kirchner) Buchanan (5). The dominant gene Rj2 
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conditions ineffective nodulation with R. japonicum strains 
of serogroups cl (3-24-44) and 122 (1). The fact that almost 
all R. japonicum strains of these serogroups are associated 
with an ineffective nodulation response in soybeans of 
genotype Rj2- suggests that the serological properties of 
these strains may be related to the ineffective response. The 
dominant gene Rj3 conditions an ineffective nodulation 
response to R. japonicum strain 33 (4).” Address: 1. Plant 
Pathologist; 2. Agronomist. Both: Plant Science Research 
Div., ARS, USDA, Beltsville, Maryland.

1754. Weaver, R.W.; Frederick, L.R. 1972. Effect of 
inoculum size on nodulation of Glycine max (L.) Merrill, 
variety Ford. Agronomy Journal 64(5):597-99. Sept/Oct. [12 
ref]
• Summary: An inoculation rate of 3.3 million rhizobia/seed 
in soils with fewer than 12 rhizobia/g produced 65% of the 
nodules. In soils containing 1,000 rhizobia/g, that inoculation 
rate produced 35% of the nodules. An inoculum rate 1000 
times the soil population must be used to competitively 
establish 50% of the nodules. Commercial inoculants in 
the U.S. are not supplying adequate numbers of rhizobia 
for competitive nodulation in soils previously cropped to 
soybeans. Address: Iowa Agric. and Home Economics Exp. 
Station, Ames, Iowa 50010.

1755. Barker, K.R.; Huisingh, D.; Johnston, S.A. 1972. 
Antagonistic interaction between Heterodera glycines 
and Rhizobium japonicum on soybean. Phytopathology 
62(10):1201-05. Oct. [19 ref]
• Summary: Soybean cyst nematodes have been shown to 
interfere with nodule development. To determine the basis 
of this antagonistic interaction, seedlings were inoculated 
with various combinations of nematodes and rhizobia. A 14 
day delay in inoculating with the cyst nematodes resulted 
in only slight to moderate inhibition of nodulation. The 
greatest inhibition occurred with simultaneous inoculation 
of the soybeans with Rhizobium japonicum and race I of the 
soybean cyst nematode. Address: Dep. of Plant Pathology, 
North Carolina State Univ., Raleigh, NC.

1756. Dunigan, Edward P.; Frey, J.P.; Allen, L.D., Jr; 
McMahon, A. 1972. Herbicidal effects on the nodulation of 
Glycine max (L.) Merrill. Agronomy Journal 64(6):806-08. 
Nov/Dec. [9 ref]
• Summary: Different rates of several of the herbicides had 
detrimental effects on the nodulation process in 4 of the 5 
soils used in greenhouse studies. Dry weight of nodules was 
more readily affected than was total number of nodules. A 3 
year fi eld study did not reveal any detrimental effects from 
any of the herbicides used. Address: Dep. of Agronomy, 
Louisiana State Univ., Baton Rouge, LA.

1757. Johnson, H.S.; Hume, D.J. 1972. Effects of nitrogen 

sources and organic matter on nitrogen fi xation and yield of 
soybean. Canadian J. of Plant Science 52(6):991-96. Nov. [6 
ref. Eng; fre]
• Summary: Nitrogen fi xation gained most from treatments 
with organic matter and liquid cow manure, but seed yield 
benefi ted most from inorganic nitrogen plus organic matter. 
Address: Dep. of Crop Science, Univ. of Guelph, Guelph, 
Ontario [Canada].

1758. Singh, N.P.; Saxena, M.C. 1972. Field study on 
nitrogen fertilization of soybean (Glycine max (L.) Merr.). 
Indian J. of Agricultural Sciences 42(11):1028-31. Nov. [5 
ref]
• Summary: In the rainy seasons of 1968 and 1969 a fi eld 
experiment was conducted (n soil rich in nitrogen and 
available phosphorus) to evaluate the infl uence of nitrogen 
(N) and inoculation on the grain yield and characters that 
contribute to the yield of Bragg soybean.
 The soybean is well known to make use of atmospheric 
nitrogen through symbiotic nitrogen fi xation to meet a major 
part of its nitrogen needs.
 As a result of inoculation, grain yield increased 
signifi cantly. “Under inoculation, an increase in the N levels 
of up to 80 kg N per ha caused an almost linear reduction 
in grain yield. But 240 kg N per ha restored the yield to 
the level obtained under the control. In the absence of 
inoculation there was a linear to exponential increase in 
yield with an increase in N levels, and 240 kg N per ha gave 
a yield equivalent to that obtained with inoculation. The 
grain yield per plant, number of pods per plant, number of 
grains [seeds] per pod and 1,000-grain weight improved with 
inoculation.” Address: G.B. Pant Univ. of Agriculture & 
Technology, Pantnagar, India.

1759. Weber, D.F.; Miller, V.L. 1972. Effect of soil 
temperature on Rhizobium japonicum serogroup distribution 
in soybean nodules. Agronomy Journal 64(6):796-98. Nov/
Dec. [18 ref]
• Summary: Within a temperature range of 10-30ºC in 
greenhouse experiments, plant development and nodulation 
were generally favored by the highest temperature. 
Serogroups from an established soil population of rhizobia 
which were infrequently recovered at the lower temperatures 
became dominant at 30º, and those that predominated at 10 
or 15º formed fewer nodules at higher temperatures. Address: 
1. Microbiologist; 2. Research Technician. Both: Plant 
Science Research Div., ARS, USDA, Beltsville, MD.

1760. Vincent, J.M. 1972. Nitrogen from microbes: 
Farrer Memorial Oration. J. of the Australian Institute of 
Agricultural Science 38(4):236-49. Dec. [83 ref]
• Summary: “On this occasion we once again commemorate 
the work of William James Farrer who, probably more than 
any other man, laid the foundations of Australia’s wheat 
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industry.”
 About 98% of the Earth’s nitrogen is locked up in rocks, 
but at very low concentrations (about 50 ppm). Most of the 
remainder is atmospheric dinitrogen. Only 0.0007 of one 
percent is available to life. The role of microorganisms in 
the N economy is explained, with information toward the 
utilization of the legume/Rhizobium symbiosis. This paper is 
a general review, with extensive references. Address: Prof. of 
Microbiology, Univ. of New South Wales, Australia.

1761. Weaver, R.W.; Dornhoff, Gary M. 1972. Inoculation 
and nitrogen fertilization of soybeans. Texas Agricultural 
Experiment Station Progress Report (Consolidated Progress 
Report) PR-3136/3148:27-29. Dec.
• Summary: “Summary: Inoculation of soybeans grown on 
land where the crop was not previously grown resulted in 
yield increases of up to 7 bushels per acre. A commercial 
inoculant (Nitragin Co.) supplied rhizobia of comparable 
effectiveness to some highly effective strains isolated from 
Iowa-grown soybeans. Application of 100 pounds of nitrogen 
per acre to soybeans grown on new soybean land alleviated 
early nitrogen defi ciency symptoms but did not increase 
yields above those of inoculated treatments. Application 
of nitrogen at different times and rates to well-inoculated 
soybeans did not increase seed yield.” Address: 1. Asst. 
Prof., Soil and Crop Sciences Dep., The Texas Agric. Exp. 
Station.

1762. Gibson, A.H. 1972. Australian legume nodulation 
research, 1948-70. In: J.H. Leigh and J.C. Noble, eds. 1972. 
Plants for Sheep in Australia: A Review of Pasture, Browse 
and Fodder Crop Research, 1948-1970. Sydney, Australia: 
Angus and Robertson. xxvii + 402 p. See p. 99-125, 294-
319. Illust. Maps. 25 cm. *

1763. Longeri S., L.; Herrera O., A. 1972. [Inoculation of 
soyabean (Glycine max Merr.). Effect of inoculation on 
the yield and seed contents of protein and oil]. Agricultura 
Tecnica (Chile) 32(3):132-37. [8 ref. Spa; eng]*
• Summary: No nodulation was observed in non-inoculated 
plants, indicating an absence of indigenous soybean rhizobia. 
Yield and content for inoculated plants increased between 
165 and 226% compared to control plants. N fertilization 
had a much smaller effect on yield. Address: Instituto de 
Giencias Médico-Biológicas, Universidad de Concepción, 
Chillán.

1764. Parsim, E.; Kooli, R. 1972. [Effect of some specifi c 
and nonspecifi c strains of nodule bacteria on growth of 
clover, alfalfa and soybeans]. Akad. Nauk. Est. SSR Izv. Ser. 
Biol 21(1):20-27. [Rus]*

1765. Rollier, M.; Obaton, M. 1972. Inoculation of soybeans. 
Informations Techniques CETIOM (Centre Technique 

Interprofessionnel des Oléagineux Métropolitains) 28:1-35, 
[Fre]*

1766. Rollier, Michel; Obaton, Michel. 1972. Quelques 
aspects techniques des possibilités de culture du soja dans le 
midi de la France [Some technical aspects of the possibilities 
of soybean culture in the south of France]. Bulletin des 
Recherches Agronomique (Gembloux, Belgium) H Series. p. 
422-39. [Fre]
• Summary: Here the authors (who are probably French, 
since they used to work at INRA and CETIOM) describe in 
great detail the situation with soya in France at the beginning 
of the 1970s. Contents: Introduction. Climatic needs of 
the soybean. Varietal needs: L. Rouest selected many new 
varieties, but these have been largely surpassed in yield by 
American varieties. Cultural techniques. Inoculation of the 
seeds. Economic aspects.
 Tables show: (1) European importation of soybeans in 
1969. The top importing countries are: Germany 1,960,000 
tonnes (metric tons). Spain 902,000 tonnes. France 845,000 
tonnes. Italy 740,000 tonnes. Holland [Netherlands] 626,000 
tonnes. Great Britain 396,000 tonnes, and Belgium 322,000 
tonnes.
 (2) Price of crude protein from different sources: Beef 
49.58 FF. Porc: 46.35 FF. Poultry: 16.17. Reconstituted 
powdered milk: 4.40 FF. Average leguminous seeds: 3.78 FF. 
Soybeans: 1.49 FF.
 Figures show: (1) Map of the parts of southern France 
where soybeans will grow with and without irrigation. (2) 
Consumption of soybean meal in France. (3) Expansion of 
soybean area and yield in the USA, 1924-1968. In 40 years, 
soybean area has been multiplied 24-fold, and the yield 2.4 
fold. (8) Yield of soybean seeds obtained in two trial fi elds 
as a function of the richness of inoculation. (9) Yield of corn 
and soybeans at critical temperatures of 90, 100, and 110ºC. 
(10) Yield of corn and wheat at critical temperatures of 90, 
100, and 110ºC.
 Hervé Berbille, who kindly sent this document to 
Soyinfo Center adds (5 March 2014): “So far as I know, this 
is just about the best document describing the situation of 
the soya in France at the beginning of 1970s. However, this 
document makes me also very sad because its confi rms (see 
page 428, 2. Études Variétales) that all of Léon Rouest’s 
work was defi nitively lost just as I feared: a hard life of 
labour and relentless work wasted because of the egoism of 
some.”
 “Léon Rouest’s work was denigrated in particular by 
the French colonial traders of peanuts imported from the 
French Empire (Sénégal). They strove to discourage the 
culture of soya with the French farmers. As a result, in the 
1970s, the delay of France in varietal selection is huge, 
since the selection was interrupted after work Rouest and 
Christian Schad in the 1920s and 1940s. That’s why Rollier 
and Obaton write they are ‘widely overtaken’ (largement 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   743

© Copyright Soyinfo Center 2018

dépasses). Nevertheless, Léon Rouest had developed very 
successful varieties for their time. If his works had been 
pursued, France would have benefi ted from successful 
varieties in 1970. An immense waste in the end.
 “Today, the southwest of France still provides 70% 
of the French production of soybeans. However they are 
also grown in Burgundy (east-central France) and Alsace 
(northeast France).” Address: 1. C.E.T.I.O.M.; 2. I.N.R.A. 
Both: France.

1767. Buzzell, R.I.; Donovan, L.S.; Giesbrecht, J.E. 1972. 
Growing soybeans. Agriculture Canada, Publication No. 
1487. 19 p. Revised in 1979.
• Summary: Contents: Selecting a variety. Soybeans in a 
rotation. Soils and fertilizers. Preparing a seedbed: Fall 
tillage, spring tillage. Planting the crop: Seed treatment, 
inoculation, time, rate, and depth of seeding, row width, 
equipment. Controlling weeds: Cultural methods, chemical 
methods. Diseases: Seed decay, root and stem rots, leaf 
diseases, stem diseases. Insect pests. Harvesting. Storage. 
Producing seed soybeans. Marketing. Soybean research in 
the Canada Department of Agriculture. Acknowledgments. 
Address: 1. Research Station, Harrow, Ontario; 2. Ottawa 
Research Station, Central Experimental Farm, Ottawa, 
Ontario; 3. Research Station, Morden, Manitoba. All: 
Canada.

1768. Francis, A.J.; Alexander, M. 1972. Acetylene reduction 
by effective and ineffective clover and soybean root nodules. 
Archiv fuer Mikrobiologie 85(4):294-303. [14 ref]
• Summary: Effective soybean bacteroids were markedly 
stimulated by succinate and by several amino acids, but 
partially effective bacteroids were stimulated only slightly. 
The effective bacteroids were also stimulated by excretions 
of in vitro grown Rhizobium japonicum, excretions from 
bacteria derived from effective and ineffective nodules, and 
by the soluble fraction from these nodules. N fi xation was 
not promoted in bacterial cells from ineffective nodules 
by any of the additives. Inhibitors of N fi xation were not 
found in the ineffective nodules. Address: Lab. of Soil 
Microbiology, Dep. of Agronomy, Cornell Univ., Ithaca, 
New York 14850.

1769. Howell, R.W.; Caldwell, B.E. 1972. Genetic and other 
biological characteristics [of soybeans]. In: A.K. Smith and 
S.J. Circle, eds. 1972. Soybeans: Chemistry and Technology. 
Westport, CT: AVI Publishing Co. xiii + 470 p. See p. 27-60. 
Chap. 2. [142 ref]
• Summary: Contents: 1. Nomenclature and description: 
Morphology. 2. Seed. 3. Areas of adaptability: 
Environmental effects on adaptability. 4. Growth of the 
soybean plant: Germination, vegetative growth habit, root 
growth, nodulation and nitrogen fi xation, mineral nutrition 
and fertilization, photosynthesis, seed development. 5. 

Diseases and weeds: Diseases, weeds, insects and mites. 
6. Quantitative genetics. Address: 1. Chief, Oilseed and 
Industrial Crops Research Branch; 2. Leader, Soybean 
Investigations; Both: USDA Plant Science Research Div., 
Beltsville, Maryland.

1770. International Institute of Tropical Agriculture. 1972. 
Annual report 1971. Ibadan, Nigeria. iii + 112 p. See p. 75, 
96-97.
• Summary: The summaries of this annual report and 
the ones that follow focus on the soybean breeding / 
improvement work done at IITA. Interestingly, there is not 
much discussion of soybean utilization. Each report averages 
about 200 pages in length.
 Page 75: “Soybean Food Preparations: Utilizing whole 
soybeans for food. A small project to investigate the direct 
use of full-fat soybeans in Nigerian foods was initiated 
cooperatively with Mrs. C.E. Williams, Department of Rural 
Economics and Extension, University of Ibadan. Three 
local dishes were prepared and tested by taste panels. One 
dish (moin-moin) was rejected outright. The second dish 
(simple cooked beans) was accepted by 6 out of 14 tasters. 
The third dish cooked with fi sh, vegetables, groundnut oil 
and seasoning was highly relished by all 26 members of the 
panel.”
 Pages 75-76: “Planting Date Effect on Flowering and 
Maturation of Soybean and Cowpea: Four soybean and two 
cowpea cultivars were planted monthly in six replicates in a 
randomized block design. Each plot contained four 5-meter 
rows with 0.75m inter- and 0.15m intra-row spacings. Plants 
were considered fl owering when 50% of the plants fl owered.
 “Soybean planting date and fl owering. All soybean 
cultivars planted between May and August responded to 
increased day length. More days from planting to fl owering 
were required as day length increased to a maximum in June. 
This was followed by a gradual decrease in number of days 
to fl owering as day length decreased. Outside the period May 
to August the number of days to fl owering depends more on 
other environmental factors than on day length. This reaction 
is probably because all day lengths during September to May 
are shorter than the critical day length of the four cultivars.
 “The fl owering pattern was similar in all cultivars but 
there was difference in the number of days from planting 
among them. The shorter and precocious cultivars such as 
Hshi and TK-5 fl owered earlier than the taller cultivars such 
as Improved Pelican and CES 407.
 “Planting date and maturation. The maturation period 
was considered from 50% fl owering until harvest. The 
maturation pattern of the soybean cultivars, except CES 
407, was similar to that for fl owering as longer days delayed 
maturation. The maturation period of CES 407 decreased as 
day lengths increased.
 “Differences in the maturation period of all cultivars 
were greatest during months of shorter days, and decreased 
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during periods of long days.”
 Pages 96-97: “Soybean Diseases:
 “Bacterial Pustule. Bacterial pustule, caused by 
Xanthomonas phaseoli var. sojense was the most important 
soybean disease in IITA in 1971. It was fi rst noted in the 
soybean collection grown during the fi rst rains, and occurred 
with great severity on many lines in both fi rst and second 
season plantings. Of 381 lines examined for bacterial pustule 
incidence in the late season planting, 144 lines were severely 
infected, 82 lines were moderately infected, 65 lines were 
lightly infected and 90 lines showed no sign of the disease. 
The apparent sources of immunity and resistance will be 
further tested in 1972 in disease nurseries and controlled 
inoculations.
 “Purple Seed. Soybeans harvested during the latter part 
of the fi rst rains 1971 showed a great deal of Cercospora 
purple stain. A detailed count was made of the proportion 
of purpled seed of 33 lines and incidence ranged from 5.5% 
purple seed (IGM 1) to 91% purple seed (IGM 384). Twenty-
three lines had more than 20% purple seed and 12 lines had 
more than 40% purple seed. The lines with a high proportion 
of purple seed harvested during the later part of the fi rst rainy 
showed little or no purple seed in the harvest maturing at the 
end of October when the weather was dry.
 “Virus Disease: During October and November 1971 
plants of Improved Pelican in the plant physiology fi eld 
plots developed severely distorted leaves. By the beginning 
of December adjacent plots of Hsi-Hsi and IGM 126 also 
showed the same symptoms. By late December much of 
the new growth in Improved Pelican had normal leafl ets. 
The symptoms matched closely those described for soybean 
mosaic, a disease of minor importance in the soybean 
producing areas of the United States. The disease, reported 
to be seed-borne, can be transmitted in as much as 100% of 
the seeds of susceptible varieties but the percentage is much 
lower in most improved varieties. Tests at IITA with 80 seeds 
from each of two varieties with severe symptoms in the 
fi eld produced no diseased plants. Attempts to mechanically 
transmit the disease also produced no diseased plants. The 
disease is unlikely to become important but all reports of 
incidence will be closely monitored.
 “Premature Senescence: Certain lines of both soybean 
and cowpea maturing at the end of the second rains displayed 
uneven maturation, and those plants that senesced before 
their sister plants, were seen to have a heavy incidence of 
Rhizoctonia bataticola (the sclerotial stage of Macrophomina 
phaseoli, the charcoal rot organism) in the senescing tissue 
at the base of the stem and in the roots. A similar occurrence 
was noted at the end of the second rains in 1970. The 
relationship between the premature senescence and loss of 
yield needs to be established.”
 Page 112 (the last page) contains sections on: Library 
Gifts. Communications and Information. International 
Seminars:

 “Six international seminars, part of a continuing series 
organized jointly by IITA, Ford Foundation and l’Institute 
de Recherches Agronomiques Tropicales et des Cultures 
Vivrieres (IRAT), were held during the year. Topics were 
mechanization of African agriculture, root and tuber crops 
research in West Africa, forage crops research in West Africa, 
plant protection of tropical food crops, vegetable research in 
West Africa, and storage of tropical food crops.” Address: 
Ibadan, Nigeria.

1771. Rios, C.P.; Dobereiner, J. 1972. Efeitos de variedade 
de soja (Glycine max) e do inoculante na fi siologia da 
nodulacao em condicioes de campo [The effect of soybean 
(Glycine max) variety and inoculants on the physiology of 
nodulation under fi eld conditions]. Pesquisa Agropecuaria 
Brasileira, Serie Agronomia 7:123-127. [19 ref. Por; eng]
• Summary: “Abstract: In a fi eld experiment conducted at 
the Uberaba Experiment Station with four soybean varieties 
and fi ve inoculants, nodule numbers, their total weight and 
mean weight were determined at different stages of plant 
development.
 “There were signifi cant differences between inoculants 
on nodule number and signifi cant variety effects on total 
and mean nodule weight. The varieties which produced 
higher nodule numbers also possessed smaller sized nodules. 
Maximal nodule numbers were reached between 49 and 64 
days after planting depending on the vegetative cycle of the 
variety, and on the inoculant. The best inoculants continued 
to form nodules until 64 days after planting. Mean nodule 
size varied little with the inoculant but one early variety 
produced signifi cantly larger nodules than the others.
 “Total nodule weight increased until 64 days after 
planting and there were signifi cant differences between 
inoculants and varieties.” Address: Inst. de Pesquisas 
Agropecuarias, Uberaba, Centro-Oeste, C.P. 57, Uberaba, 
Minas Gerais, Brasil.

1772. Smith, Allan K.; Circle, Sidney J. eds. 1972. Soybeans: 
Chemistry and technology. Vol. 1. Proteins. Westport, 
Connecticut: AVI Publishing Co. xi + 470 p. Illust. Index. 24 
cm. [500+ ref]
• Summary: One of the best and most comprehensive 
reviews on the subject, with extensive information on 
modern soy protein products. Each of the 12 chapters 
is written by an expert on the subject, and each is cited 
separately. Volume 2 was never published. Address: 1. PhD, 
Oilseeds protein consultant, New Orleans, Louisiana; 2. 
PhD, Director, Protein Research, W.L. Clayton Research 
Center, Anderson Clayton Foods, Richardson, Texas.

1773. Zambia Ministry of Rural Development, Dep. of 
Agriculture, Annual Report of the Research Branch (Lusaka). 
1972. Annual Report of the Research Branch 1970-1971. p. 
51-52. Part 2, p. 99. [Eng]
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• Summary: In the section on “Beans,” subsection D is 
“Soya Beans.” (a) Variety Evaluation The observation plots, 
planted at Msekera for the 1968-69 season, grew well and 
led to the selection of fi fteen varieties, which were tested 
over a wide range during the 1969-70 season. Pending 
further introductions, the best performers from these varieties 
were retested over the same range during 1970-71. Soya 
Bean Variety Trials (MN 1790/A2-J2) Locations:
 “A/2. Msekera RRS (High Rainfall)
 “B/2. Jumbe S/S (Low Rainfall)
 “C/2. Mt Makulu RS (Medium Rainfall)
 “D/2. Kabwe RRS (Medium Rainfall)
 “E/2. Misamfu RRS (High Rainfall)
 “F/2. Copperbelt RRS (High Rainfall)
 “G/2. Magoye RRS (Medium Rainfall)
 “H. Mochipapa RRS (Medium Rainfall)
 “J/2. Marisa RRS (High Rainfall)
 “The trial was spoiled both at Msekera and Jumbe, 
but a selection of eight varieties chosen from the following 
was planted at each of the remaining sites in an 8 x 8 Latin 
Square design: Geduld, Davis, Bossier, Hernon 147, Hale 
3, SHR 12, Rhosa, Yellow Avoyelles, Americana, Improved 
Pelican, Hardee, Dortchsoy 2A and Hood.
 “As indicated in Table XXIII it is diffi cult to separate the 
fi rst fi ve varieties, as none has performed consistently well. 
Geduld can be regarded as the safest all-round variety, with 
Hale 3 perhaps more suited to the wetter areas and Davis, 
with Hernon 147, more suited to the drier areas. Of the six 
varieties planted on all sites, SHR 12 is the worst on balance, 
but even this ranked fi rst in Misamfu. Of the remainder, 
Yellow Avoyelles appears to merit further trial, especially as 
its two quite creditable placings were achieved despite very 
poor germination due probably to old seed. Improved Pelican 
also ranked second in the only trial where it appeared.”
 On the next page, Table XXIII gives “Yields of soya 
beans, by stations (MN 1790/A2-J2), in kg per ha.”
 The varieties are: Geduld, Davie, Bossier, Hernon 147, 
Hale 3, SHR 12, Rhosa, Yellow Avoyelles, Americana, 
Hardee, Improved Pelican, Dortchsoy 2A, and Hood.
 The stations are: Misamfu, Kabwe, Copperbelt, Magoye, 
Manse, Mochipapa, and the Mean of all stations.
 In the same annual report, “Part 2–Results of the Trials” 
(from Mount Makulu Research Station, Lusaka, Zambia), 
page 99 is about “Soya Beans.”
 “1. 1790/D/2.
 “2. Soya Bean variety trial.
 “3. Kabwe R.R.S.
 “4. To compare the performances of 8 varieties of soya 
beans.
 “5. 8 varieties (see table).
 “6. 8 x 8 Latin square.
 “7. Gross plot: 2.4m x 5.5m = 3.20m2 = 1/757.58 ha.
 “Harvest area: 1.2m x 4.9m = 5.88m2 = 1/1700.68 ha.
 “8. All seed inoculated with Rhizobium. Basal 25 kg P 

per ha 1971.
 “9. Planted 11.12.70; harvested March,
 “10. N/A.
 “11. Yields of Soya Beans in kg/ha
 “Variety Yield
 “Hernon 147 655
 “Improved Pelican 633
 “SHR 12 482
 “Davis 345
 “Geduld 309
 “Bossier 291
 “Rhosa 180
 “Hale 3 56
 “Mean 369
 “This trial was not analysed and the fi eld fi le is not 
available, but the yields are unusually low for the area and 
this is not entirely accounted for by the poor stands which 
were nowhere higher than 30%. It is not considered that 
these yields are representative either of the varieties or of the 
potential of the area.” Address: Lusaka, Zambia.

1774. Lagacherie, B.; Obaton, Michel. 1973. Inoculation du 
soja. Résultats d’essais et orientation du travail [Inoculation 
of soya. Results of trial and orientation of work]. Comptes 
Rendus des Seances de l’Academie d’Agriculture de France 
59(1):67-79. Meeting of Jan. 17. [6 ref. Fre]
• Summary: Studies undertaken by the Centre Technique 
Interprofessionnel des Oléagineux Métropolitains 
(CETIOM–Interprofessional Technical Center for Oilseeds) 
since 1966 in order to determine the possibilities for soybean 
cultivation in France have given encouraging results. This 
study confi rms the importance of the quality of the inoculum 
used in soybean cultivation.

1775. Bergersen, F.J.; Turner, G.L.; Appleby, C.A. 1973. 
Studies of the physiological role of leghaemoglobin in 
soybean root nodules. Biochimica et Biophysica Acta (BBA)–
Bioenergetics 292(1):271-82. Jan. [38 ref]
• Summary: Leghaemoglobin does not have a direct role 
in the nitrogen-fi xing system, but may act by facilitating 
the diffusion of O2 into the nodule tissue under the low 
pO2 existing in the dense tissue. Address: Div. of Plant 
Industry, Commonwealth Scientifi c and Industrial Research 
Organization [CSIRO], Canberra, Australia.

1776. Dadarwal, K.R.; Sen, A.N. 1973. Inhibitory effect 
of seed diffusates of some legumes on rhizobia and other 
bacteria. Indian J. of Agricultural Sciences 43(1):82-87. Jan. 
[15 ref]
• Summary: Many legumes were found to produce “toxic 
seed diffusates.” These diffusates were toxic toward different 
species of rhizobia, however their toxicity varied greatly. 
“Bacteria producing large quantities of extracellular gums 
in the medium were less susceptible to the toxic effects of 
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seeds when compared with less-gum producers. Survival of 
rhizobia on the seeds inoculated after soaking in water for 24 
hr was far better than on unsoaked seeds.” Does this mean 
that in 2018 soybeans should be soaked in water before being 
inoculated? This article begins:
 “To obtain increased nodulation and nitrogen fi xation 
through inoculation of leguminous crops with effi cient 
and appropriate rhizobia, it is imperative that the rhizobia 
applied on the seed should survive till the root system 
of the legume gets infected. In addition to the important 
factors which control the effectiveness of added inocula, 
viz. the indigenous rhizobial population, soil environment 
and climatic conditions, the presence of toxic anti-bacterial 
compounds in the seeds may also have important bearing 
on the success of seed inoculation (Jacobes and Dadd, 
1959; Thompson, 1960, 1961; Bowen, 1961; Bonnier 
and Laburn, 1963, 1965; Masterson, 1965).” Address: 1. 
Asst. Microbiologist; 2. Microbiologist. Both: Div. of 
Microbiology, Indian Agricultural Research Institute, New 
Delhi, India.

1777. Kapusta, George; Rouwenhorst, D.L. 1973. Interaction 
of selected pesticides on Rhizobium japonicum in pure 
culture and under fi eld conditions. Agronomy Journal 
65(1):112-115. Jan/Feb. [26 ref]
• Summary: “Most probable number determinations of 
pesticide-treated soil samples indicated that naturalized 
soil populations of R. japonicum remained unaltered four 
weeks after pesticide application. Recommended rates of the 
pesticides studied did not infl uence soybean nodulation or 
seed yield.” Address: Southern Illinois University, School of 
Agriculture. Carbondale, Illinois 62901.

1778. Ohki, Kenneth; McBridge, Landy J. 1973. Deposition, 
retention and translocation of 2,3,5-triiodobenzoic acid 
applied to soybeans. Crop Science 13(1):23-27. Jan/Feb. [16 
ref]
• Summary: Triiodobenzoic acid, a growth regulator, is 
widely known as “TIBA.” Factors related to TIBA were 
studied with two isotopes of radioactive iodine. “Factors 
studied were four TIBA salt forms and four surfactants at 
two concentrations of each surfactant.”
 “TIBA retention was enhanced at the higher surfactant 
rate by the two nonionic surfactants, while no effect was 
attained by the higher rate of the cationic and anionic 
surfactants. TIBA was rapidly translocated from recently 
matured leaves to young developing leaves and tissues of 
high metabolic activity.”
 It was found that surfactants greatly infl uence the plant 
physiological response of growth regulators. Address: 1. 
Asst. Prof. of Agronomy, Univ. of Georgia, College of Agric. 
Exp. Stations, Georgia Station, Experiment, GA 30212.

1779. Reichlova, E. 1973. [The effects of fertilization with 

different kinds of phosphoric compounds on the content of 
nitrogen and free amino acids in the leaves of soyabeans]. 
Rostlinna Vyroba (Plant Production) 19(2):147-152. Feb. [12 
ref. Cze; eng; rus]
• Summary: “The lack of phosphorus in a nutritious 
environment with insoluble aluminium, phosphate markedly 
inhibited the forming of nodules. The plants suffered from 
lack of nitrogen, and amino acids concentrated in the leaves 
without being built up in the proteins. Calcium phosphate 
proved to be a suitable source of available phosphorus. The 
nutrition of plants with mineral nitrogen together with a 
suffi cient dose of available phosphorus was connected with 
a smaller nitrogen content in the above-ground parts of the 
plants. The percentage of the nitrogen content in the roots 
was not infl uenced by a different phosphorus level in the 
nutritious environment.” Address: Inst. of Plant Nutrition, 
Praha-Ruzyne (Ustav vyzivy rostlin VURV, Prague Ruzyne), 
Czechoslovakia.

1780. Varma, A.K.; Subba Rao, N.S. 1973. Sucrose and 
application of Rhizobium on seed. Plant and Soil 38(1):227-
30. Feb. [2 ref]
• Summary: Peanut and soybean had tolerance limits for 
good germination of 2.5% and 5% respectively for sucrose 
in the slurry of peat-based inoculants. Qualitative and 
quantitative data on fungi in the rhizosphere in relation to 
inoculation and sucrose levels are included. Address: Div. of 
Microbiology, IARI, New Delhi-12, India.

1781. RSLM (U.S. Regional Soybean Laboratory 
Mimeograph, Urbana, Illinois). 1973. Report of the second 
national soybean research conference: Memphis, Tennessee, 
March 5-8, 1973. No. 775. March 5. xvii + 51 p.
• Summary: The title page states: “This is a progress 
report of cooperative investigations containing data the 
interpretation of which may be modifi ed with additional 
experimentation.”
 Contents: Preface by Richard L. Cooper, conference 
chairman. List of conference participants. March 6, morning. 
Plant breeding and genetics division: Germplasm old and 
new (Germplasm sources of southern varieties, germplasm 
sources of northern varieties, new additions to the germplasm 
collection, tropical germplasm in breeding programs), new 
tools in breeding and genetics. March 6, afternoon. Crop 
production division. March 6, evening. Committee meetings 
of the Uniform Regional Test participants (Northern, 
Southern).
 March 7, morning. Plant physiology and biochemistry 
division. March 7, afternoon. Plant pathology, nematology, 
entomology division. Current status of soybean diseases. 
Past and present status of brown stem rot. Impact of insects 
on soybean production. Breeding and genetics division. 
Photoperiodism and day neutrality. Plant physiology 
and biochemistry division. Plant pathology, nematology, 
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entomology division. Contains a 1/3 page abstract of 62 
papers within the above divisions. Research activities of 
conference participants (p. 40-51).
 Note: Lindsy Ribble, reference librarian at the 
University of Illinois ACES library, who found this 
document, states: “This is the only report on a National 
Soybean Research Conference that we have. I searched the 
WorldCat database for similar proceedings and this was the 
only one that came up... So it appears as though the National 
Soybean Research Conferences did not continue, and if there 
was a fi rst one, there were no published proceedings.”
 “List of Conference Participants:
 “Ahlrichs, L. Monsanto Co., 800 N. Lindbergh, St. 
Louis, MO 63131.
 “* Albritton, D.J. Prof., Agronomy & Agr. Chem., A&M 
Normal College, Pine Bluff AR 71601.
 “* Aldrich, R.J. Associate Dean, College of Agriculture, 
Univ. of Missouri, Columbia, MO 65201.
 “Alexander, L.M. University of Florida, Gainesville, 
Florida 32601.
 “Anderson, I.C. Iowa State University, Ames, IA 50010.
 “Aslin, W.E. Missouri Seed Improvement Association, 
Univ. of Missouri, South Farm, P.O. Box 852, Columbia, 
MO 65201,
 “Athow, K.L. ARS, Dept. of Botany & Plant Path., 
Purdue Univ., Lafayette, IN 47907.
 “* Baker, S.H. Georgia Coastal Plain Experiment 
Station, Tifton, GA 31794.
 “Baldwin, C.H. University of Missouri, Delta Center, 
P.O. Box 160, Portageville, MO 63873.
 “Batt, A.J. FFR Coop., 1600 W. Darlington St., 
Florence, SC 29501.
 “Becker, R. Ohio Seed Improvement Association, 1001 
W. Lane Ave., Columbus, OH 43221.
 “Belledin, F.W. Rohm & Hass Co., 2049 McPherson 
Rd., Memphis, TN 38116.
 “Berger, G. Arkansas State University, State University, 
AR 72467.
 “Bernard, R.L. U.S. Regional Soybean Lab., Univ. of 
Illinois, Urbana, IL 61801.
 “Bhangoo, M.S. Univ. of Arkansas, Pine Bluff, AR 
71601.
 “Bingham, T. University of Wisconsin, Madison, WI 
53706.
 “Blackmon, C.W. Clemson Univ., Edisto Experiment 
Station, Blackville, SC 29817.
 “Boerma, H.R. University of Georgia, Plant Sciences 
Bldg., Athens GA 30601.
 “Boone, L.V. University of Illinois, Urbana, IL 61801.
 “Brandsberg, G. Creative Services, Inc., 3612 S. W. 9th, 
Des Moines, IA 50318.
 “Brigham, R.D. Texas Agricultural Experiment Station, 
Lubbock, TX 79401.
 “Brim, C.A. USDA, North Carolina State, Raleigh, NC 

27607.
 “Bromfi eld, K.R. USDA, Ephiphytology Research Lab., 
Box 1209, Frederick, MD 21701.
 “Brown, J.R. University of Missouri, Columbia, MO 
65201.
 “Browne, E.B. University of Georgia, Athens, GA 
30602.
 “Brun, W.A. University of Minnesota, St. Paul, MN 
55100.
 “Buhr, K. Iowa State University, Ames, IA 50010.
 “Burleigh, G. University of Arkansas, Pine Bluff, AR 
71601.
 “* Burnett, J. University of Missouri, Columbia, MO 
65201.
 “Burns, D.L. McNair Seed Co., P.O. Box 706, 
Laurinburg, NC 28352.
 “Burns, G.R. USDA, N. C. State University, P.O. Box 
5120, Raleigh, NC 27607.
 “Burris, J. Iowa State University, Dept. of Botany & 
Plant Path., Ames, IA 50010.
 “Burton, J.C. Vice Pres., Research & Development, 
Nitragin Co., Inc., 3101 W. Custer Ave., Milwaukee, WI 
53209.
 “Butt, C.K. Indiana Crop Improvement Association, 
Lafayette, IN 47905.
 “Butzow, M. Seedmakers, Inc., Sidney, IL 61877.
 “Caldwell, B.E. USDA-ARS, Beltsville, MD 20705.
 “Caviness, C.E. Dept. of Agronomy, University of 
Arkansas, Fayetteville, AR 72701.
 “Chamberlain, D.W. U.S. Regional Soybean Lab., 
Urbana, IL 61801.
 “Chambers, A.Y. University of Tennessee, W. Tennessee 
Experiment Station, 605 Airways Blvd., Jackson, TN 38301.
 “Clapp, J.G. North Carolina State University, Raleigh, 
NC 27607.
 “Cole, R.H. Pennsylvania State University, Dept. of 
Agronomy, University Park, PA 16802.
 “Collins, K.L. Agronomy Dept., Purdue University, W. 
Lafayette, IN 47907.
 “Colville, W.L. University of Georgia, Dept. of 
Agronomy, Athens, GA 30602.
 “Cothren, T. University of Arkansas, Fayetteville, AR 
72701.
 “Cooper, R.L. U.S. Regional Soybean Lab, Urbana, IL 
61801.
 “Cottingham, C. South Carolina State College, 
Orangeburg, SC 29115.
 “Cowan, J.C. Northern Regional Research Lab., Peoria, 
IL 61604.
 “Creech, R.G. Mississippi State Univ., Dept. of 
Agronomy, Mississippi State, MS 39762.
 “Criswell, J.G. University of Guelph, Guelph, Ontario, 
CANADA.
 “Crittenden, H.W. University of Delaware, Newark, DE 
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19711.
 “Curley, R.L. The Nitragin Co., 3101 W. Custer Ave., 
Milwaukee, WI 53209.
 “Curry, R.B. Dept. of Agricultural Eng., Ohio Agric. 
Research & Dev. Center, Wooster, OH 44691.
 “Davis, M.F. International Harvester Co., Memphis, TN 
38116.
 “Davis, W.H. Teweles Seed Co., Box 900, 1600 Oregon 
St., Muscatine, IA 52761.
 “Demski, J.W. Dept. of Plant Path., Georgia Experiment 
Station, Experiment GA 30212.
 “Dornhoff, G. University of Nebraska, Box 66, Clay 
Center, NB 68901.
 “Douglas, C. Georgia Coastal Plain Experiment Station, 
Tifton, GA 31794.
 “Duclos, L.A. University of Missouri, Portageville, MO 
63873.
 “Dunleavy, J.M. USDA, ARS, 417 Bessey Hall, Ames, 
IA 50010.
 “Eby, W. Stine Seed Farm, Adel, IA 50003.
 “* Edwards, C.R. Purdue University, W. Lafayette, IN 
47907.
 “Edwards, C.J. ARS, Delta Branch Experiment Station, 
Stoneville, MS 38776.
 “Edwards, D.I. USDA, ARS, University of Illinois, 
Urbana, IL 61801.
 “Egli, D. University of Kentucky, Lexington, KY 40506.
 “Ennis, W.B. NPS, ARS, USDA, Beltsville, MD 20782.
 “Epps, J.M. USDA, ARS, PSRD, 605 Airways Blvd, 
Jackson, TN 38301.
 “Evans, A.W. Dupont Co., 1332 Glen Oaks Drive, 
Memphis, TN 38117.
 “Evans, C.L. Oklahoma State University, Stillwater, OK 
74074.
 “Ewing, E.C., Jr. Delta & Pine Land Co., Scott, MS 
38772.
 “Fennell, J. DuPont Co., 1620 Post Oak Tower, Houston, 
TX 77027.
 “Freed, J. Iowa State University, Ames, IA 50010.
 “Fehr, W.R. Iowa State University, Ames, IA 50010.
 “Foels, T. Northrup King S Co., Washington, IA 52353.
 “Ford, J.D. University of Missouri, Delta Research 
Center, Portageville, MO 63873.
 “Ford, R.E. University of Illinois, Plant Pathology Dept., 
Urbana, IL 61801.
 “Gerard, J. Syler Inc., Plymouth, IN 46563.
 “Gillham, L.B. E.I. DuPont, 142 Lilac Lane, Greenville, 
MS 38701.
 “Gordon, D.T. Ohio Agri. Research & Development 
Center, Wooster, OH 44691.
 “Gorman, J.P. ASA Tennessee Soybean Association, 
Brownsville, TN 38013.
 “Graham, J.C. Monsanto, 800 N. Lindbergh Blvd., St. 
Louis, MO 63066.

 “Green, D.E. Iowa State University, Ames, IA 50010.
 “Green, J.M. McNair Seed Co., Laurinburg, NC 28352.
 “Green, L.A., Jr. Green Bros. Seed Co., Nashville, TN 
37202.
 “Gross, H.D. North Carolina State University, Raleigh, 
NC 27607.
 “Gossett, D.M. University of Tennessee, Knoxville, TN 
38919.
 “Gray, L.E. U.S. Regional Soybean Lab, Urbana, IL 
61801.
 “Guerry, W.W. Mississippi Seed Improvement 
Association, Box 275, State College, MS 39762.
 “Hadley, H.H. University of Illinois, Department of 
Agronomy, Urbana, IL 61801.
 “Ham, G. University of Minnesota, St. Paul, MN 55113.
 “Hardy, R. W. F. DuPont, Wilmington, DE 19898.
 “Harper, J.E. U.S. Regional Soybean Lab, USDA, 
Urbana, IL 61801.
 “Hartwig, E.E. USDA-ARS, Stoneville, Mississippi 
38776.
 “Havelka, U.D. DuPont Experiment Station, 
Wilmington, DE 19898.
 “Hendrix, C. Indiana Crop Improvement Association, 
Lafayette, IN 47907.
 “Herbek, J. University of Kentucky, West Kentucky 
Substation, Princeton, KY 42445.
 “Hexem, R.O. ASU, State University, AR 72467.
 “Hill, J.H. Iowa State University, Ames, IA 50010.
 “Hinson, K. USDA-ARS, University of Florida, 1303 
N.W. 30th, Gainesville, FL 32601.
 “Hittle, C.N. University of Illinois, Dept. of Agronomy, 
Urbana, IL 61801.
 “Hoffman, C.H. USDA-ARS, Beltsville, MD 20705.
 “Holmsen, T. Dow Chemical, 567 Woodcock Road, 
Midland, MI 48640.
 “Horn, N.L. Louisiana State Univ., Baton Rouge, LA 
70803.
 “Howell, R.W. University of Illinois, Urbana, IL 
61801.” (Continued).

1782. Chesney, H.A.D.; Khan, M.A.; Bisessar, S. 1973. 
Performance of soybeans in Guyana as affected by inoculum 
(Rhizobium japonicum) and nitrogen. Turrialba (Costa Rica) 
23(1):91-96. Jan/March. [13 ref. Eng; spa]
• Summary: These experiments were conducted at the 
Central Agricultural Station, Mon Repos, in the coastal 
region, and at the Matthew’s Ridge Sub-station in the 
North West region of Guyana (fi rst planted Nov. 1969). 
The addition of nitrogen fertilizer had no effect on yield, 
nodulation, or oil content of the soybeans; in only one trial 
did it result in an increase in protein content. The effect of 
inoculating the soybeans was very inconsistent, especially 
with respect to yield, but also with respect to nodulation. 
Address: Central Agricultural Station, Mon Repos, Ministry 
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of National Development and Agriculture, Guyana.

1783. Pizarro, José B. 1973. Rentabilidad de la soja frente 
a cultivos competitivos en el area maicera tradicional 
[Profi tability of soya compared with competitive crops in 
the traditional maize-growing area]. Estacion Experimental 
Regional Agropecuaria Pergamino (Argentina), Informe 
Tecnico No. 121. 15 p. March. [13 ref. Spa; eng]
• Summary: Soybean appears as an attractive production 
option for several areas of Argentina because of its favorable 
possibilities in both the domestic and international markets. 
It can be used profi tably in the traditional corn area in 
rotations with wheat and/or corn.
 In Argentina, although the cultivation of soybeans has 
been known since 1910-1911, only recently, starting in 1961-
62, has it become a relatively important crop. During the last 
2 years production has expanded greatly. The major soybean 
producing provinces are Misiones, Tucuman, and Santa Fe. 
Factors that have prevented a more rapid expansion of the 
crop are lack of varieties adapted to different ecological 
zones in Argentina, the lack of availability of good quality 
seed, inoculant, etc., the lack in some areas of adequate 
machinery for the crop, and the need for moving the crop 
from an experimental basis to one based on commercial 
production on a higher technological plane. But these factors 
can be fairly easily corrected. Soybean production has 
increased from 26,800 tonnes in 1967/70, to 59,000 tonnes in 
1970/71, up to 78,000 tonnes in 1971/72. Soybean fl our has 
been imported in past years from Brazil and Paraguay for the 
purpose of preparing balanced foods.
 Page 5 states that the soybean, introduced in 1927 into 
Casilda, has been cultivated principally in the departments of 
Caseros, San Lorenzo, and Constitución, at an increasing rate 
during the past 4-5 years. Address: Ing-Agr, INTA, Estacion 
Experimental Regional Agropecuaria Pergamino.

1784. Yoshida, Shigekata. 1973. [The infl uence of shading 
on nodulation and nitrogen fi xation of soybean]. Nihon 
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science 
Society of Japan) 42(1):135-36. March, [3 ref. Jap]
Address: Faculty of Agriculture, Nagoya Univ., Japan.

1785. Ram, Mahabal; Kempanna, C.; Balasubramanian, A. 
1973. Soybean: The multi-purpose crop. Indian Farming 
23(1):11-13. April. Series 2.
• Summary: This is one of the fi rst of many articles that 
tries to minimise the importance of the role of U.S. soybean 
researchers, who lived and worked in India for many years, 
in the development of the soybean in India; it tries to “write 
them out of the history.”
 “Progress of research: In 1967, Government of India 
provided funds for developing an All-India Co-ordinated 
Soybean Project to improve the crop. This project provided 
interdisciplinary co-operation in soybean research. A broad 

research programme was drawn up to evolve high-yielding 
varieties suitable for hills as well as plains, to develop 
suitable agronomic and plant protection techniques for 
boosting the yield per acre and to fi nd out storage, marketing 
and food technology for its large scale consumption.”
 “On the basis of the recommendations of the All-India 
Co-ordinated Soybean Workshop, held in February 1969, 
three varieties of soybean were released for commercial 
cultivation in the year 1969, named as ‘Bragg’, ‘Punjab-I’ 
and ‘Lee.’” Note: The First All-India Co-ordinated Soybean 
Workshop was apparently held in 1968.
 “Agronomic practices: During the Fifth All-India Co-
ordinated Soybean Workshop held in February, 1972, at 
JNKVV, Jabalpur, a Special Committee on Agronomy met to 
discuss the agronomic practices to be recommended on the 
basis of results of the trials conducted.” These fall under the 
following headings: Date of planting (by zone). Seed rate. 
Fertilizer and inoculation. Weeding and hoeing. Irrigation 
(soybean is normally grown under rainfed conditions). 
Harvesting. Storage. Soil types. Crop rotation. Plant 
protection measures–Insect pests. Diseases. Hints for high 
yields. Address: Indian Council of Agricultural Research, 
New Delhi.

1786. Beard, B.H.; Knowles, P.F. eds. 1973. Soybean 
research in California. California Agricultural Experiment 
Station, Bulletin No. 862. 67 p. June. [45 ref]
• Summary: Contents: Introduction, by B.H. Beard, M.D. 
Miller, and P.F. Knowles. Morphology and development of 
the soybean plant, by P.F. Knowles. Economic facts: Supply, 
competition, use, by M.D. Miller and B.H. Beard. Climate 
factors, by P.F. Knowles. Soil factors, by G.H. Abel and 
A.J. MacKenzie. Management practices for various areas 
in California, by B.H. Beard and P.F. Knowles. Sowing 
methods and practices, by P.F. Knowles, G.H. Abel, and 
B.H. Beard. Weed control, by B.B. Fischer and W.A. Harvey. 
Irrigation, by D.W. Henderson and R.J. Miller. Varietal 
testing and improvement, by B.H. Beard and P.F. Knowles. 
Spider mites and insects, by E.C. Carlson. Diseases, by D.H. 
Hall. Harvest and storage, by J.R. Goss, M.D. Miller, and 
R.T. Edwards. Soybeans for forage and green manure, by 
M.D. Miller, R.T. Edwards, and W.A. Williams. Summary 
and conclusions, by B.H. Beard. Acknowledgements. 
Literature cited.
 “Soybean yield and other data from small plot and 
fi eld size experiments in California have been included in 
annual reports of various research organizations for over 50 
years. However, these data are not generally available to the 
public. Even though there has been no sustained commercial 
production of soybeans in California, there is a continuing 
interest in the crop by farmers, oil mill processors, and 
consumer organizations. This bulletin summarizes the results 
of various soybean experiments in California and compares 
these results with data from other areas where the crop has 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   750

© Copyright Soyinfo Center 2018

been profi table to produce.”
 There is no chapter on inoculation of soybeans and 
nitrogen fi xation, however it is discussed throughout the 
book, as follows:
 Page 7: Like other legumes, soybean roots develop 
nodules if the appropriate race or strain of Rhizobium 
bacteria is present. These nitrifying bacteria invade the 
plant through root hairs and form colonies, which appear 
as nodules. Each nodule contains millions of bacteria. The 
bacteria obtain carbodydrates from the plant, in return 
supplying the plant with nitrates which they produce from 
the nitrogen of the air. (This cooperative arrangement is 
called ‘symbiosis.”) The strain of bacteria required by 
soybeans, being absent from California soil, must be added 
to the seed just before planting (page 25).”
 Pages 25-27: “Inoculation: As a general rule, soybean 
seed should be inoculated with Rhizobium bacteria of the 
type required especially for soybeans. It is an absolute 
necessity that the seed be inoculated the fi rst time the crop is 
sown in a fi eld, and it is usually advisable to inoculate again 
if more than a year has passed since the last time soybeans 
were grown. Because soybean inoculum is not widely used 
regularly in California, arrangements for its purchase and 
delivery should be made at the time of seed purchase.
 “Inoculum usually appears as a dry black dust, which is 
mostly organic matter. A special southwest (SW) inoculum 
was developed for the Imperial Valley by mixing seven of the 
strains which gave the best nodulation and plant response in 
that area (Abel and Erdman, 1964). The Southwest inoculum 
has been satisfactory elsewhere in California, although it has 
not been compared critically with inoculum developed for 
other areas, except in the Imperial Valley.
 “Only fresh inoculum should be used, and it should be 
stored in a cool place prior to use. Inoculum stored in a cool 
place for a year or more, or subjected to temperatures above 
80 to 90ºF for 10 to 12 hours, or left uncovered in bright 
sunlight for even a short time, will be nonviable. Therefore 
only a limited amount of seed should be inoculated at one 
time. This may be done by sprinkling 3/4 to 1 pint of water 
on 60 pounds of seed in a washtub; the recommended 
amount of inoculum is then added and stirred until all seeds 
are almost black with inoculum. Because the water makes 
the seed coat soft, seed is placed in the planter boxes in small 
amounts and sown immediately. Inoculated seed should be 
kept cool and covered with a damp cloth. If inoculum is 
applied as a dust to dry seed, the amount should be doubled.”
 A photo shows “Nodulation pattern of soybean roots: 
Left pair: no nodulation. Center pairs: limited nodulation 
after seed inoculation. Right pair: general nodulation from 
Rhizobium in soil before planting.
 “Roots should be examined about 2 weeks after the 
seedlings emerge, to see whether small nodules are present. 
Lift the roots and soil carefully with a shovel and wash the 
soil away. If the bacteria are in the soil at seeding time, 

nodules will be distributed over all of the surface roots. If the 
bacteria are not present in the soil and seed inoculation is the 
only source of the Rhizobium, nodulation will be abundant 
only in the region of the germinated seed. Nodules that 
furnish nitrogen to the plant appear pink when sliced open; 
ineffective nodules are white. As few as three or four large 
nodules will be adequate for good growth. If inoculation 
fails, and no nodules are found, about 80 pounds of nitrogen 
should be applied promptly as a side dressing.
 “The benefi ts of inoculation will depend on the level 
of soil fertility. In an experiment in the Imperial Valley on 
soil with low levels of available nitrogen, inoculation nearly 
doubled yields. Even with applications of nitrogen fertilizer 
at 60 and 120 pounds nitrogen per acre yields were much 
increased by inoculation (table 12).
 “On fertile soil at Davis where yields have varied 
between 1600 and 2000 pounds per acre without nodulation, 
inoculation had little or no benefi cial effect on yield in 
experiments conducted in 1955, 1956 and 1957. This was 
true whether comparisons were made with or without the 
addition of nitrogen and phosphorus fertilizer. In those 
experiments inoculation did not affect oil and protein 
contents in a consistent manner but generally lack of 
nodulation results in a higher oil and a lower protein 
percentage compared with beans from well-nodulated plants. 
In 1957, the addition of nitrogen fertilizer depressed nodule 
formation, and the addition of honey to the inoculating 
solution had no appreciable effect (table 13).
 “At Davis in 1955, several strains of Rhizobium were 
tested for their ability to produce nodules on the Lee variety. 
In the absence of inoculation no nodules were produced, 
plants were light green in color, and 112 days after seeding 
the yield of hay was 7940 pounds per acre with a protein 
content of 11.6 per cent. All Rhizobium strains produced 
nodules, and plants were dark green. Where a composite 
rhizobial strain was used, yield of hay was 7760 pounds per 
acre, and protein content 14.6 per cent. Apparently, good 
nodulation can increase protein content of the hay without 
affecting yield.
 “An experiment at the West Side Field Station illustrated 
the relationship between the application of nitrogen and 
nodulation. Different rates of nitrogen fertilizer (ammonium 
sulfate) were applied before sowing, at fl owering, or at 
both times. A barley crop was harvested just before seeding 
the soybeans. On one-half of the area the barley straw 
was buried. On the other half of the area the straw was 
shredded and left on the ground. Applications of 50 or more 
pounds of nitrogen before planting reduced the number of 
nodules (table 14). Delayed application of nitrogen was 
associated with signifi cantly higher nodule counts. However, 
applications of 150 pounds of nitrogen at fl owering time also 
reduced the number of nodules. Burned and unburned areas 
were not signifi cantly different in nodulation (Beard and 
Hoover, 1971).
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 “Most seed-treatment chemicals are toxic to Rhizobium 
bacteria. Thus, they can reduce the effectiveness of seed 
inoculation, but when used at recommended rates they 
have no effect on Rhizobium bacteria already present in the 
soil. Where it appears that both fungicidal seed treatment 
and inoculation are essential, best results have come from 
applying the fungicide fi rst to the seed, followed by the 
Rhizobium, with planting following shortly thereafter.”

Rhizobium are also mentioned in passing on pages 42, 
64, and 66. Address: Univ. of California at Davis.

1787. Beard, B.H. 1973. Soybean research in California: 
Summary and conclusions. California Agricultural 
Experiment Station, Bulletin No. 862. p. 63-65. June. [1 ref]
• Summary: “Soybeans, originally introduced into the U.S. 
from the Orient about the turn of the century [sic, in 1765] 
is an extremely important crop in many areas. Even though 
the cattle and poultry industries, and other consumers in 
California use 600,000 to 700,000 tons of soybeans or 
soybean products annually at a freight cost of approximately 
$22 million, the crop has not become established in 
California. A small acreage of soybean is grown for hay, 
silage, forage or as a green manure, but even for these uses 
the crop is of minor importance in California...
 “Unfortunately yields over 2,500 pounds [41.7 bu] per 
acre have been rare in California, even though many tests 
have been conducted throughout the state...
 “The fi rst time the crop is sown in a fi eld soybean 
seed should always be inoculated with the soybean type 
of Rhizobium bacteria. It is usually advisable to inoculate 
again if more than a year has passed since the last time 
soybeans were grown or if the soil was allowed to become 
completely dry between crops. Inoculation may be done in 
a farm building or in a shady spot in the fi eld by sprinkling 
3/4 to 1 pint of water on 60 pounds of seed in a wash tub; 
the recommended amount of inoculum is then added and 
stirred by hand until all the seed is almost black with the 
inoculum. The inoculated seed should be kept in a shady spot 
and covered with a damp cloth. It is best to place only small 
amounts of seed in the planter boxes and the inoculated seed 
should be sown immediately.
 “Selection of the proper variety for the location is very 
important. We have divided California into four areas based 
on the maturity of the varieties that should be grown... South 
of the Tehachapi Mountains maturity groups V, VI and VII 
should be grown; in southern San Joaquin Valley maturity 
groups IV or V; in the central San Joaquin Valley maturity 
groups II and III are best; and in the southern Sacramento 
Valley maturity groups 0 or I have given the highest yields...
 “Spider mites are always a potential threat to soybean 
production throughout California. Research has indicated 
that chemical control is possible but is generally too 
expensive...
 “Depending on soil characteristics, the crop will require 

from 20 to 30 inches of water during the growing season...
 “Soybeans should be combine harvested as soon as the 
beans in the fi eld average 14 per cent moisture. Do not wait 
because beans will begin to shatter from the pods at less than 
8 percent moisture.
 “Acknowledgments: A publication of this kind, which 
summarizes experiments over a period of years, does 
not include as authors many people who have helped 
with various phases of the research. We acknowledge 
contributions made by O.P. Gautom, and Mark Campney, 
Department of Agronomy and Range Science, Davis; by 
Terry Braun, Michael Gaffrey, William Kester, and John 
Campbell, Department of Entomology, Davis; and by Farm 
Advisors W.G. Lyon and Roy Jeter (Glenn County), W.R. 
Sallee and R.F. Miller (Tulare County), L.K. Stromberg 
(Fresno County), O.D. McCutcheon (Kings County), M.D. 
Morse (Butte County), and Roy Barnes (Kern County). We 
also acknowledge help from Richard Hoover, Fred Fisher, 
and Richard Munez, West Side Field Station, Five Points; 
and Richard Reynoso and Mrs. Robert Wagner, Imperial 
Valley Conservation Research Center, Brawley. Mr. Audie 
Bell (J.G. Boswell Company, Corcoran), Dr. W.R. Powell 
(Kern County Land Company, Bakersfi eld), and Les 
Hefferline (Pacifi c Vegetable Oil, Woodland) helped conduct 
some of the yield tests, and George Cavanagh and R.E. Pruitt 
(Ranchers Cotton Oil, Fresno) made oil and protein analyses 
of many yield test samples.
 “Several companies furnished fi nancial assistance to 
support soybean research from 1955 through 1957. We 
acknowledge this support with gratitude:
 “Albers Milling Company, Los Angeles
 “J.G. Boswell Company, Corcoran
 “Cargill, Incorporated, San Francisco
 “Kingsburg Cotton Oil Company, Kingsburg
 “Pacifi c Vegetable Oil Corporation, San Francisco
 “Poultry Producers of Central California, San Francisco
 “Producers Cotton Oil, Fresno
 “West Coast Oilseeds Development Committee, Arizona 
and California
 “Several companies have furnished chemicals for use in 
soybean experiments. We herewith thank:
 “The Dow Chemical Company
 “Pennsylvania Salt Mfg. Co.
 “General Chemical Division
 “Niagara Chemical Division
 “Hercules Powder Company
 “Stauffer Chemical Company
 “Chemagro Corporation
 “California Spray Chemical Corp.
 “American Cyanamid Company
 “Rohm and Haas Company.” Address: Univ. of 
California at Davis.

1788. Yadav, N.K.; Vyas, S.R. 1973. Salt and pH tolerance of 
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rhizobia. Folia Microbiologica 18(3):242-47. [22 ref]
• Summary: Rhizobium strains specifi c for Sesbania 
cannabina, Crotolaria juncea and Glycine max were 
studied for tolerance to pH and to various salts. No strains 
were inhibited by pH 10.0, but all were sensitive to acidity 
(pH 3.5-4.0). Of the salts, chlorides were more toxic than 
sulphates of Na, K and Mg. NaHCO3 was lethal at 0.2-0.8%. 
Address: Haryana Agricultural Univ., Hissar, India.

1789. Kamara, Stan B. 1973. Preliminary soybean variety 
trials with two levels of inoculation, in Sierra Leone. Sierra 
Leone Agricultural Journal 2(2):9-13. July. [1 ref]
• Summary: Six varieties of soybeans were tested with 2 
inoculum levels under irrigation. Yields ranged from 1,984 
to 2,562 kg/ha for the normal inoculation and 2,217 to 
3,035 kg/ha for the additional inoculation–not a signifi cant 
difference. Address: Research & Teaching Asst., Dep. of 
Agronomy, Njala University College, Sierra Leone.

1790. Rewari, R.B.; Jain, M.K.; Bhatnagar, R.S. 1973. 
Varietal response of soybean (Glycine max (L.) Merr.) 
to different strains of Rhizobium japonicum. Indian J. of 
Agricultural Sciences 43(8):801-04. Aug. [15 ref]
• Summary: The study showed that both strain variation 
and varietal specifi city control the effi ciency of Rhizobium. 
Maximum increase in yield by inoculation was achieved 
with soybean variety Improved Pelican with rhizobial strain 
USDA-b-136. Address: Indian Agricultural Research Inst. 
(IARI), New Delhi, India.

1791. Roquib, A.; Kundu, A.L.; Chatterjee, B.N. 1973. 
Possibility of growing soybean (Glycine max (L.) Merr.) 
in association with other crops. Indian J. of Agricultural 
Sciences 43(8):792-94. Aug. [1 ref]
• Summary: Better monetary return per unit area and 
more total yield of calories and grains were obtained when 
soybean was grown mixed with maize or rice or pigeon pea. 
Address: Univ. of Kalyani, Kalyani, West Bengal, India.

1792. Schenck, N.C.; Hinson, K. 1973. Responses of 
nodulating and nonnodulating soybeans to a species of 
Endogone mycorrhiza. Agronomy Journal 65(5):849-50. 
Sept/Oct. [7 ref]
• Summary: Endomycorrhizal fungi are ubiquitous is 
the soil, stimulate growth of several plant species, and 
increase absorption of several plant nutrients. Inoculation 
with Endogone signifi cantly increased seed yield and 
other traits of the nodulating soybean isoline, but not of 
the nonnodulating isoline. Address: 1. Plant pathologist, 
Florida Agric. Exp. Station, Gainesville, FL; 2. Agronomist, 
Southern Region, Florida Area, ARS, USDA, Gainesville, FL 
32601.

1793. Skrdleta, V. 1973. Relationship between soybean 

cultivars and Rhizobium japonicum set serotypes with 
single- and multi-strain inoculants. I. Greenhouse pot 
experiments. Zentralblatt fuer Bakteriologie. Series 2 128(5-
6):543-50. Oct. [15 ref. Eng; ger]
• Summary: Single strain inocula were signifi cantly better 
than double-strain or triple-strain. Nodulation and N fi xation 
for Adepta X D216 and Chippewa X D216 were superior to 
other associations. Address: Dep. of Soil Mikrobiology, Inst. 
Plant Nutr., Prague 6-Ruzyne 507, CSSR (Czechoslovakia).

1794. Jain, M.K.; Rewari, R.B. 1973. Inoculation experiment 
with different bacterial cultures on soybean (Letter to the 
editor). Current Science (Bangalore, India) 42(21):749-50. 
Nov. 5. [7 ref]
• Summary: Soybeans in pot culture were inoculated 
with 2 strains of Rhizobium japonicum (from Nanking 
and USDA-b-136) and one of Azotobacter chroococcum 
(Azot. 41). At 14 weeks growth, the per cent N of the plants 
inoculated with rhizobia was increased signifi cantly, but no 
signifi cant increase was obtained by Azotobacter inoculation.
 Note: Azotobacter chroococcum is a bacterium 
discovered in 1901 by Martinus Beijerinck. It has the 
ability to fi x atmospheric nitrogen, and was the fi rst aerobic, 
free-living nitrogen fi xer discovered. Address: Div. of 
Microbiology, I.A.R.I., New Delhi-12, India.

1795. Agbo, F.M.O. 1973. Soybean variety and nodulation 
studies in East Central State, Nigeria. In: International Inst. 
of Tropical Agriculture. Proceedings of the First IITA Grain 
Legume Improvement Workshop. 325 p. See p. 205-10. Held 
29 Oct.–2 Nov. 1973 at Ibadan, Nigeria. [7 ref]
• Summary: “Improved legume production and increased 
utilization would reduce the dearth of protein supply 
in the average Nigerian diet. Soybean is becoming an 
increasingly important protein and oil source in Nigeria. 
Soybean is grown mainly in the Benue Plateau State, 
primarily for export... Investigations conducted at the 
Agricultural Research Station, Umudike, have indicated 
that soybean could be grown successfully in parts of the 
Eastern States–Ogoja, Obubra, Adani, Bende.” Address: 
Federal Agricultural Research & Training Station, Umudike, 
Umuahia–Ibeku, Nigeria.

1796. International Institute of Tropical Agriculture 
(IITA). 1973. Proceedings of the First IITA Grain Legume 
Improvement Workshop. Ibadan, Nigeria: IITA. 325 p. Held 
29 Oct.–2 Nov. 1973 at Ibadan.
• Summary: There are sections on: Legume improvement 
by breeding. Legume breeding and testing. Legume 
physiology and management. Legume nodulation and 
rotation. Improvement of legume quality. Pathology of grain 
legumes. Entomology and nematology. Reports of working 
groups. List of participants. Includes 5 papers specifi cally on 
soybeans. Address: Ibadan, Nigeria.
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1797. Kapusta, George; Rouwenhorst, D.L. 1973. Infl uence 
of inoculum size on Rhizobium japonicum serogroup 
distribution frequency in soybean nodules. Agronomy 
Journal 65(6):916-19. Nov/Dec. [16 ref]
• Summary: Ultra-high inoculation rates may be used to 
establish superior strains should they be developed. In these 
tests, inoculation did not infl uence yield or quality above that 
provided by resident populations of rhizobia. Address: Plant 
and Soil Science Dep., Southern Illinois Univ., Carbondale, 
Illinois 62901.

1798. Nyatsanga, Titus; Pierre, W.H. 1973. Effect of nitrogen 
fi xation by legumes on soil acidity. Agronomy Journal 
65(6):936-40. Nov/Dec. [9 ref]
• Summary: Under intensive cropping in the greenhouse, the 
amount of N fi xed by alfalfa and soybeans was suffi cient to 
lower the pH by more than 1.0 unit. The acidity produced 
by N fi xation may have been important in soil genesis and 
development. Address: 1. Graduate Fellow; 2. Prof. of 
Agronomy. Both: Iowa Agriculture and Home Economics 
Exp. Station, Ames, Iowa 50010.

1799. Reddy, M. Nageswara; Chatterjee, B.N. 1973. 
Nodulation in soybean (Glycine max (L.) Merr.) grown as a 
pure and mixed crop. Indian J. of Agronomy 18(4):410-15. 
Dec. [6 ref]
• Summary: Nodulation was better at low levels of N, but 
was reduced by shading effects of two tall companion plants, 
maize and sorghum. Address: Dep. of Agronomy, Univ. of 
Kalyani, West Bengal, India.

1800. Soybean Digest. 1973. Inoculation–Worth it or not? 
Dec. p. 10-12.
• Summary: “With the rapid expansion in soybean acreage in 
recent years, it’s likely that nearly every fi eld in the soybean 
growing area has been in soybeans at some time recently. So 
is it really worth the time and expense to inoculate soybean 
seed?
 “That’s the question we posed to several agronomists 
and farmers, and their response indicates that many farmers 
could probably forget about inoculation. But, they ask, why 
should they take a chance on eliminating something that’s 
very inexpensive and insures the grower that he’ll have 
a stand? And farther down the road, inoculants could be 
one of the things that provides the yield breakthrough that 
everyone’s been looking for in soybeans, some scientists 
feel.
 “Essentially, inoculation means infecting the soybean 
seed with rhizobia bacteria–not much different from a 
person’s getting inoculated to prevent a disease. In the case 
of soybeans and rhizobia, one can’t survive without the other, 
and this inter–dependence is called symbiosis. Rhizobia need 
the soybean plant to provide nutrients for survival; soybeans 

need rhizobia to convert or fi x nitrogen into a usable form for 
the plant.
 “’For years inoculation has been considered good 
insurance and worth the effort,’ says Illinois agronomist L.V. 
Boone. ‘But in the last 5-6 years we’ve come to realize that 
where soybeans have been growing, we are possibly not 
getting any response from inoculation.’
 “Boone points to several research studies and says that 
in one case dating back to 1968, soybeans were planted 
in a plot in an area where soybeans had never been grown 
within a mile so far as could be determined. There was 
some response for inoculation in a zero fertility plot but 
where there was adequate fertility, there was little response 
for inoculation. Implements used in other plots or dust 
blowing through the area perhaps brought rhizobia to the 
uninoculated plots, Boone theorizes, but somehow rhizobia 
were apparently present in adequate numbers.
 “In another test this year, Boone says soybeans were 
planted in a fi eld where no soybeans had been grown for 
7 years. A number of inoculums and fungicides were tried 
in the fi eld. ‘All of the plots yielded about 57 bu/a with no 
variations for the differing treatments,’ Boone says.
 “Since some land will be coming back into production 
next year for the fi rst time in years due to new farm 
programs, inoculation may be a wise move on these acres but 
otherwise it may not be necessary, Boone feels. ‘I don’t want 
to suggest that farmers not inoculate, though, because it may 
be very worthwhile just from a peace-of-mind standpoint.’
 “That’s part of the thinking of L.R. Frederick, Iowa 
State University agronomist. ‘Why leave that one corner of 
your management out after you’ve invested a lot in fertilizer, 
seed, etc.?’ he asks. If inoculation were a practice that cost a 
lot of money, it would probably deserve a lot closer look by 
individual farmers. ‘But it costs so little that it’s better to go 
ahead and do it.’ he says. ‘It’ll cost you a lot more fi nding 
out whether you do need to inoculate than it would to just go 
ahead and do it.’
 “Frederick also points out that scientists need to look 
at the soybean-rhizobia process together rather than having 
some work just with soybeans and others just with rhizobia. 
‘We need to manage both parts of this. To put out some 
soybean seed and assume they’ll fi nd rhizobia is just like 
putting some rhizobia out in a fi eld and hoping they’ll fi nd a 
soybean plant,’ he says.
 A large table shows “Soybean inoculant yield trials.” 
The 4 columns are: (1) Soybean variety. (2) Inoculated yield 
(bu/a). (3) Uninoculated yield (bu/a). (4) Difference [in 
yield] (bu/a). For each of the 6 varieties there was a small 
increase in yield ranging from 0.98 for SRF 307 to 3.16 for 
SRF 300.
 “Frederick points out that a whole fi eld may have 
suffi cient rhizobia, but for some reason, there may be one 
spot where rhizobia are lacking. Losses from just a small 
spot could more than offset costs of inoculating the whole 
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fi eld, he feels. And how do you know if you have any such 
spots or know where they are? Poor stands in some areas are 
probably due to a combination of reasons, but one of them 
could be insuffi cient rhizobia present in the soil if you do not 
inoculate or a poor job of inoculation if you used inoculated 
seed.
 “In addition to providing insurance, commercial 
companies say inoculation does mean higher yields (see 
table) despite Boone’s fi ndings to the contrary.
 “’Odds are 3 to 1 that the maximum benefi ts from 
nodulation cannot be counted on unless rhizobia are added 
through inoculation,’ says an offi cial at Rudy-Patrick in 
Princeton, Illinois. ‘Field plots show a consistent increase 
with inoculation of up to 2½ bu/a on fi elds that had soybeans 
previously,’ says Dr. R. Stewart Smith, research director 
for Agricultural Laboratories Inc. of Columbus, Ohio. ‘In 
most cases, this does not prove to be statistically signifi cant 
and, therefore, receives a lack of support by pure research 
personnel. However, to the farmer who is selling these extra 
bushels of soybeans at today’s prices, the increased profi t is 
more than welcomed.’
 “Another good reason for inoculation, company 
scientists say, is that increased use of herbicides, insecticides 
and fungicides may kill off more rhizobia or may even 
alter the effectiveness of those rhizobia which do manage 
to survive. There is also the possibility, Frederick says, 
that rhizobia strains could have disease epidemics just like 
varieties do or like T-cytoplasm corn had with blight a few 
years ago. ‘Data from several leading universities indicate 
that only about 25% of the rhizobia in the soil are effective 
nitrogen fi xers,’ points out Dr. Joe Marlow, Rudy-Patrick 
research director for inoculants. Dr. Smith adds that in one 
soil sample from a plot out of soybeans only one year, 57% 
of the nodules were large in size but green in color. ‘This 
indicates that many of the rhizobia that survived in the soil 
were still able to form nodules but were totally ineffective in 
nitrogen fi xation,’ he explains. ‘It is these ineffective strains 
of rhizobia which survive well in the soil that we must 
overcome with continued inoculation.’
 “The major signifi cance of inoculation is probably still 
to come, but overcoming the rhizobia and other bacteria 
already in the soil is a major obstacle, Frederick agrees. 
Perhaps somewhere there is a ‘super’ rhizobia that could do 
a better job than rhizobia prevalent in the soil today. That’s 
what Frederick and scientists in Minnesota, Wisconsin, 
commercial companies, etc., are trying to fi nd out.
 “The many different strains of rhizobia can be classifi ed 
into about 200 groups or serotypes based on their reaction 
with antibodies, according to Frederick. Just as varieties of 
soybeans have different characteristics, so do various strains 
of rhizobia. ‘Some strains infect the plant more easily; 
some work better on different or all varieties,’ notes M.C. 
Kabel of Urbana Labs at Urbana, Illinois. Putting the right 
combination of rhizobia and varieties together might result in 

some signifi cant yield boosts, scientists theorize. But getting 
the right rhizobia to win out in a battle of numbers under 
the ground will take some better inoculation techniques, 
Frederick says.
 “Frederick says that one particular strain of rhizobia, 
Serotype 123 is dominant in Iowa although fi elds in various 
areas have differing rhizobia strains to a greater or lesser 
degree. Is this the best strain for current Iowa varieties? They 
may be or otherwise these varieties wouldn’t perform well 
and wouldn’t be chosen by Iowa farmers, Frederick says. But 
that doesn’t mean there couldn’t be still better combinations, 
he feels.
 “To get better strains of rhizobia established, however, 
inoculated rhizobia have to outnumber existing soil rhizobia 
by 1,000 or more to 1. Present inoculation methods result in 
so few inoculated rhizobia that only 5%-10% of the nodules 
are formed by the introduced strain, according to Frederick.
 “In his tests with a liquid inoculum, he’s been able to 
come up with 300 million or more rhizobia per seed, and 
in these cases, the number of nodules formed by inoculated 
rhizobia jumped from 40% to 90% of the total.
 “With some of the present inoculation methods, 
Frederick says rhizobia numbers drop off rapidly to perhaps 
only a few hundred per seed by spring if treated in the fall. 
“Personally, I inoculate at planting regardless of whether 
seed’s been pre-inoculated,” he says of his own test plots. 
Inoculating as close to planting as possible is recommended 
by all scientists” (Continued).

1801. Soybean Digest. 1973. Inoculation–Worth it or not? 
(Continued–Document part II). Dec. p. 10-12.
• Summary: (Continued): “Others are working on the 
inoculation question, too. Wisconsin scientists say they’ve 
developed a new test which quickly and accurately checks 
the effectiveness of commercial rhizobia inoculants on 
different soybean varieties.
 “Scientists there also report they’ve produced a 
‘mutant’ bacteria that fi xes more nitrogen than normal 
rhizobia. Normal bacteria make only enough of the enzyme 
nitrogenase to produce the ammonia they need for growth 
and then they stop. Mutant bacteria, however, continue to 
make excess ammonia beyond what they can use, and it’s 
this extra ammonia that researchers hope the plant will be 
able to use as a ‘super fertilizer.’
 “Commercial companies all say they’re looking at 
new strains of rhizobia and new application techniques. 
Agricultural Labs says its new Dormal, which undergoes 
a special drying process before being packaged, can be 
applied to seed for extended periods before planting 
without decreasing inoculant quality. Dormal is now 
available in planter box packages and can be combined with 
molybdenum, a nutrient which also helps fi x nitrogen and 
needs to be applied to some soils, especially in the South.
 “Agricultural Labs also is the only company to have a 
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liquid inoculant in a frozen concentrated form until ready for 
use, but it is good on seed for only a few days.
 “Rudy-Patrick says it’s experimenting with several new 
techniques including an aerosol application on the planter 
and a seed treatment-inoculant combination. Nitragin Sales 
Corp. at Milwaukee, Wisconsin, reports it has ‘two types 
of inoculants, a granular peat form and a fi ne peat base 
inoculum, both of which can be applied through planter 
components or attachments and demonstrate considerable 
merit.’
 “Scientists agree that we have a long way to go in 
determining which rhizobia is best for each variety and in 
fi nding better methods of inoculation. It may be that if you 
don’t have the same strain of rhizobia inoculated on your 
seed as you have in your fi elds or if you get a poor job of 
inoculation, then inoculation may not do much good except 
to plug the gaps where you have little or no rhizobia. But for 
the time being, scientists agree that inoculation does have 
some value in assuring that you’ll have a crop and is one of 
the practices farmers should not overlook, especially on land 
new to soybeans.”
 Illustrations show: (1) A planter box used for more 
effective inoculation of soybean seeds. (2) A half-page 
semicircular illustration of a soybean plant, with leaves and 
pods. The caption in the middle: “Inoculation can mean the 
difference between a soybean plant that is high yielding and 
one that is not.”

1802. Chailakhyan, M. Kh.; Arutyunyan, R. Sh.; Stepanyan, 
M.D.; KArapetyan, N.A. 1973. [Effect of the growth 
retardant CCC on the growth of leguminous plants and 
nodule formation under different methods of application]. 
Doklady Akademii Nauk Armyanskoi SSR 56(3):182-87. [16 
ref. Rus; arm]*
• Summary: Soil application of 0.5-2.0% of chlormequat (a 
growth regulator) solutions, decreased the height and weight 
of plants, and the number and weight of nodules in soybeans 
and common beans (Phaseolus vulgaris). Address: Institut 
Mikrobiologii Akademii Nauk Armyanskoi SSR, Erevan, 
Armenian SSR.

1803. Chamber Perez, M.A.; Diaz De La Guardia, M. 1973. 
[Effect of various races of Rhizobium japonicum on the 
Amsoy variety of soybeans]. An. Inst. Nac. Invest. Agrar., 
Ser. Prod. Veg 3:133-44. [Spa]*

1804. Rajaratnam, J. 1973. A short note on the effect 
of rhizobial inoculation on the yield of soybean on a 
lateritic latosol. MARDI (Malaysian Agricultural Research 
Development Inst.) Research Bulletin 1(1):51-54. *

1805. Bernard, R.L.; Weiss, M.G. 1973. Qualitative genetics 
[of the soybean]. In: B.E. Caldwell, ed. 1973. Soybeans: 
Improvement, Production, and Uses. Madison, Wisconsin: 

American Society of Agronomy. xviii + 681 p. See p. 117-
154. Chap. 4. [134 ref]
• Summary: A comprehensive review of the subject. 
Contents. 1. Introduction. 2. Disease reaction. 3. Rhizobium 
response. 4. Growth and morphology. 5. Physiology and 
composition. 6. Sterility and deleterious growth mutants. 7. 
Chlorophyll. 8. Pigment. 9. Linkage. 10. Gene symbol index. 
Address: USDA ARS.

1806. Caldwell, B.E. ed. 1973. Soybeans: Improvement, 
production, and uses. American Society of Agronomy, 677 S. 
Segoe Rd., Madison, WI 53711. xviii + 681 p. Illust. Index. 
24 cm. Agronomy series: No. 16. [1500+ ref]
• Summary: Contains 20 chapters by various authors, each 
cited separately. Address: USDA, Beltsville, Maryland.

1807. Carlson, J.B. 1973. Morphology [of the soybean]. 
In: B.E. Caldwell, ed. 1973. Soybeans: Improvement, 
Production, and Uses. Madison, Wisconsin: American 
Society of Agronomy. xviii + 681 p. See p. 17-95. Chap. 2. 
[71 ref]
• Summary: Contents. 1. Introduction. 2. Seed. 3. 
Germination and seedling development. 4. Root. 5. Nodule. 
6. Stem. 7. Leaf. 8. Reproduction.
 Figures: 1. Chippewa soybean (two drawings, top 
view and side view) showing hypocotyl-radicle axis, 
micropyle, hilum with central fi ssure, raphe. 2. Seed coat 
and endosperm remains of Hawkeye soybean (line drawing) 
showing aleurone cells of the endosperm, cuticle, hourglass 
cells of hypodermis, intercellular space, lumen, palisade, 
compressed parenchyma cells, remains of parenchyma cells 
of endosperm. 3. Cross section of cotyledons of dormant 
Hawkeye soybean seed, showing midvein and lateral vein 
(15 X). 8. Stages in germination and early seedling growth 
(line drawing). 9. Well nodulated soybean root system 
(photo). 10. Longitudinal section of 8-day Hawkeye seedling 
root tip (50 X) showing common initials, columella, ground 
meristem, procambium, protoderm, root cap, stelar initials. 
12. Schematic representation of origin of primary permanent 
tissues of soybean root. Address: Univ. of Minnesota.

1808. Centre Technique Interprofessionnel des Oléagineux 
Métropolitains¼ (CETIOM–Interprofessional Technical 
Center for Oilseeds). 1973. Le soja [The soybean]. Paris: 
CETIOM. 26 p. 30 cm. [Fre]
• Summary: Contents: 1. The soybean plant and its needs. 
2. The varieties. 3. Enrichment of the soil and preparation 
of the soil. 4. Inoculation. 5. Planting. 6. Fertilizers. 7. 
Irrigation. 8. Weed control (desherbage). 9. Harvest. 
Address: 174, Av. Victor-Hugo, 75115 Paris, France. Phone: 
553-87-35 to 39.

1809. de Geus, J. 1973. Fertilizer guide for the tropics and 
subtropics. 2nd ed. Zurich, Switzerland: Centre d’Etude de 
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l’Azote. *
• Summary: The author reviews the research literature 
concerning the growth and yield response of soybeans to 
fertilizers, the role of the nodulation bacteria (Rhizobium 
japonicum) and the interaction between the level of fertilizer 
applied, in particular inorganic nitrogen, and the activity of 
symbiotic root organisms. He concludes: “The fertilizing 
problems in soya bean growing are primarily concerned with 
the maintenance of adequate supplies of P, K and Ca.”

1810. Fernando, G.W.E. 1973. Soya bean. The miracle 
crop of the 20th century. In: Ceylon Meals for Millions 
Foundation, ed. 1973. All about Soya Bean. Ceylon. 29 p. 
See p. 13-20. Abstract in: Ceylon Assoc. Advancement of 
Science, Proceedings, 29(1):69.
• Summary: Contents: Introduction. Recommended varieties: 
Hernon, Tainung (RI), Bragg, TK No. 5, Improved Pelican. 
Soya bean in multiple cropping programmes (“It produces 
two to three times more protein per acre per day than most 
other pulse crops”). Soil, climate and areas of production 
(“All well drained soils of the Dry Zone are suitable for the 
cultivation of the soya bean.” “Soya bean can withstand 
short periods of drought and is not affected by excessive 
moisture in the soil compared to most other pulse crops”). 
Seed rate and spacing. Yields of soya bean. Oil and protein 
content (of 5 varieties. The protein content is over 40% and 
the oil content over 20%). Effi ciency of land use for protein 
production. Fertilizers. Inoculation. Pests and diseases. 
Weed control. Storage. Uses of soya bean (defatted meal 
for animal food, oil for industrial uses as a paint vehicle 
or by condensation to alkyd resins, and for human food). 
Production of soya bean milk (summary of research by 
Malcolm C. Bourne). Crop budget: One acre of soya bean 
(Cost of inputs, outputs, and gross surplus [gross profi t]). 
The irrigated output is 2,200 lbs worth 90 cents per lb = 
1,980. Irrigated input costs = 565. Gross surplus = 1415 per 
acre.
 “Experiments in Taiwan have shown that infants fed 
on soya milk gained body-weight and height at a rate 
comparable to that achieved by infants on cow’s milk...”
 In 1967 a programme was initiated “at the Agricultural 
Research Station, Maha-Illuppallama, where over 90 
varieties were screened for their productivity under dry zone 
[irrigated] conditions.” Five varieties are recommended.
 Tables show: (1) Yields of six recommended varieties 
of soybean from 1966/67 Maha Rainfed to 1972/73 Maha 
Rainfed. The highest yields were all obtained during the 
1969 Yala Irrigated season, ranging from 2708 to 2766 lbs / 
acre.
 (2) Effi ciency of land use for protein production 
(Source: Roy E. Martin, Soya Bean Digest Blue Book Issue, 
March 1970, p. 27). Three columns give the name of the crop 
or animal, average yield per acre, and pounds of protein per 
acre.

 Soya bean, 24.2 bu, 508 lb.
 Other legumes, 20.7 bu, 293 lb.
 Maize, 64.2 bu, 323 lb.
 Wheat, 25.1 bu, 180 lb.
 Milk, 2,780.0 lb, 97 lb.
 Beef, 342.0 lb, 58 lb. Address: Asst. Director of 
Agriculture (Research), Maha-Illuppallama.

1811. Pendleton, J.W.; Hartwig, E.E. 1973. Management 
[of soybeans]. In: B.E. Caldwell, ed. 1973. Soybeans: 
Improvement, Production, and Uses. Madison, Wisconsin: 
American Society of Agronomy. xviii + 681 p. See p. 211-
37. Chap. 7. [124 ref]
• Summary: Contents. 1. Introduction. 2. Planting practices. 
3. Planting patterns. 4. Inoculation and seed treatment. 5. 
Fertility: Nitrogen, limestone, phosphorus, and potassium 
needs, micronutrients. 6. Cropping systems: Rotations, 
double cropping. 7. Tillage. 8. Water management. 9. 
Controlling weeds. 10. Growth regulators [especially TIBA]. 
11. Special plantings. 12. Topping soybeans and defoliants. 
13. Harvesting. 14. Storage. 15. Record keeping. 16. 
Summary.
 Seed treatment: “High quality soybean seeds do not 
ordinarily require fungicidal seed treatment because small 
differences in stand generally do not infl uence seed yields. 
However, seeds visibly weathered or poor in quality, as 
demonstrated by poor germination and vigor in laboratory 
tests, may respond favorably to chemical fungicides. Such 
fungicidal seed treatments should be applied several weeks 
ahead of planting... Laws prohibit feeding of or the sale of 
soybean seed treated with fungicides for nonseed uses.” 
Address: Univ. of Wisconsin; USDA ARS.

1812. Ruschel, Alaides Puppin; Reuszer, H.W. 1973. 
Desenvolvimento da nodulacao e fi xacao simbiotica de 
nitrogenio em variedades de soja, em differentes estadios 
do desenvolvimento da planta [Development of nodulation 
and symbiotic nitrogen fi xation in soybean varieties 
(Glycine max) in different stages of development]. Pesquisa 
Agropecuaria Brasileira, Serie Agronomia 8(8):251-56. [10 
ref. Por; eng]
• Summary: “A study on development of nodulation and 
nitrogen fi xation in soybean varieties throughout the growing 
season was made during summer, of 1971. Results for 
nodulation are expressed in weight of nodules per plant, and 
number of nodule per gram. Acetylene reduction per gram 
of nodules expressed nitrogenase activity and consequent 
ability of the Rhizobium-soybean associations to fi x nitrogen 
in nodulated tissue. Determinations were made at four 
stages of plant development, respectively for plants 50, 65, 
80 and 95 days old, for the following soybean varieties: 
Rampage, Corsoy, Amsoy 71, Beeson, Wayne, Calland, and 
Bonus. Plants were harvested from two localities of Purdue 
University Farm, West Lafayette, Indiana, U.S.A.
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 “In a number of soybean varieties plant age markedly 
infl uenced nodulation by increasing size of nodules, weight 
of nodules per plant, and infl uencing nitrogenase activity. 
The variety Wayne produced the largest nodules and had 
high nodule weight, while Amsoy 71 presented the smallest 
nodules during the entire season.
 “Late varieties (Wayne, Calland, and Bonus) had higher 
weight of nodules per plant and larger nodules than early 
varieties (Rampage, Corsoy, Amsoy 71, and Besson). At 50 
and 65 days after planting, acetylene reduction was greater 
in nodules of early varieties than in those of late varieties. 
The maximum amount of ethylene production for early 
varieties occurred 15 days earlier than for late varieties. It 
seems that nitrogen fi xation follows plant development and is 
decreased at plant maturity. The correlations between nodule 
weight per plant and ethylene produced by nodules in early 
varieties varied from negative in young plants to positive 
in old plants showing an effect of aging in these varieties. 
The lower weight of nodules in younger plants was partially 
compensated by higher nitrogenase activity of these nodules. 
Late varieties only presented correlation (negative) between 
acetylene reduction and weight of nodules per plant.
 “It appears probable that nodule surface area has 
some infl uence on the acetylene reduction assay.” Address: 
Instituto de Pesquisas e Experimentacao Agropecuarias do 
Centro Sul, Km 47, Campo Grande, GB. ZC-26, e bolsista 
do Conselho Nacional de Pesquisas (CNPq 7105/68).

1813. Singh, K.B.; Gill, K.S. 1973. Soybean. Ludhiana, 
India: Communication Centre, Punjab Agricultural 
University. 22 p. Plus 3 leaves of plates. [1 ref]
• Summary: Contents: Introduction. Climatic requirements. 
Soil. Rotation. Preparation of land. Manuring. Improved 
varieties. Sowing: Good seed, seed treatment, seed 
inoculation, time of sowing, seed-rate and spacing, 
methods of sowing, depth of sowing. Control of weeds. 
Irrigation. Diseases. Insect pests. Harvesting. Storage. Uses. 
Conclusions. Appendix (15 recipes).
 Recipes include those for soy milk, soy-curd (dahi), 
soy-fl our, soy-dal and many Indian dishes. Page 12 notes: 
“Soybean has wide industrial uses. Edible oil is used in 
the manufacture of vanaspati. Refi ned oil is used in the 
manufacturing of a large number of products, such as 
candles, electric insulations, fuel-oil, insecticides, greases, 
resins, paints, soaps, varnishes, etc. The oil is also used 
in the preparation of candy, ice-cream, chocolate coating, 
rubber, cosmetics, etc. Crude soybean fatty acids are used in 
manufacturing adhesive tape, lubricants, leather dressings, 
typewriter ribbons, carbon papers, etc.” Address: 1. PhD, 
Senior pulse breeder; 2. PhD, Prof. & Head, Dep. of Plant 
Breeding, Punjab Agricultural Univ., Ludhiana, India.

1814. Skrdleta, V.; Pelikan, J. 1973. Relationship between 
soybean cultivars and Rhizobium japonicum serotypes with 

single-and multi-strain inoculants. II. Field experiments. 
Zentralblatt fuer Bakteriologie. Series 2 128:745-52. [4 ref. 
Eng; ger]
• Summary: The highly competitive ability of strain 311 B 
did not correlate with its relative effectivity. Single-strain 
inoculants were generally better. Address: 1. Dep. of Soil 
Microbiology, Inst. of Plant Nutrition, Research Institutes of 
Crop Production, Prague 6–Ruzyne 507, Czechoslovakia.

1815. Stammer, Edmundo Edemar. 1973. Amostragemde 
nodulos para testes sorologicos na identifi cacao de estirpes 
de Rhizobium [Nodule samples in the identifi cation of 
Rhizobium strains by serological tests]. Arquivos de Biologia 
e Tecnologia (Brazilian Archives of Biology and Technology) 
16(1):29-33. [7 ref. Por; eng]
• Summary: Strains of Rhizobium from the nodules of 5 
varieties of soybean were identifi ed by serological tests. 
All except those from variety Hardee were representatives 
of the population analysed. Address: Divisao de Pesquisas 
Agronomicas, Instituto de Biologia e Pesquisas Tecnologicas 
do Parana Curitiba, Sao Paulo, Brazil.

1816. Turnipseed, S.G. 1973. [Soybean] Insects. In: B.E. 
Caldwell, ed. 1973. Soybeans: Improvement, Production, and 
Uses. Madison, Wisconsin: American Society of Agronomy. 
xviii + 681 p. See p. 545-72. Chap. 17. [104 ref]
• Summary: Contents. 1. Introduction. 2. Plant responses 
to damage. 3. Leaf-feeding insects. 4. Pod-feeding insects. 
5. Stem-feeding insects. 6. Seed-, Root-, or Nodule-feeding 
insects. 7. Management and control of pest species. Address: 
Clemson Univ., South Carolina.

1817. Vest, H.G., Jr.; Weber, D.F.; Sloger, C. 1973. 
Nodulation and nitrogen fi xation [in soybeans]. In: B.E. 
Caldwell, ed. 1973. Soybeans: Improvement, Production, and 
Uses. Madison, Wisconsin: American Society of Agronomy. 
xviii + 681 p. See p. 353-90. Chap. 10. [203 ref]
• Summary: Contents. 1. Introduction. 2. Role of R. 
japonicum in initiating nodule formation. 3. Nodule 
development and structure. 4. Ecology of R. japonicum 
and host-strain associations. 5. Host-strain specifi cities. 6. 
Symbiotic nitrogen fi xation.
 Contains a good defi nition of ineffective nodulation. 
Address: 1. Dep. of Horticulture, Michigan State Univ., East 
Lansing, MI 48823.

1818. Zambia. Ministry of Rural Development. Rural 
Information Services. 1973. Soya bean production. Lusaka, 
Zambia: Rural Information Services, Ministry of Rural 
Development. 9 p. 21 cm. [Eng]
• Summary: Discusses: Soils. Land preparation. Lime. 
Fertilizer (and nitrogen fi xation). Varieties (Hale 3, Davis; 
“The viability of soyabean seed rapidly deteriorates and 
fresh seed should be planted each season”). Time of 
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planting. Yields (1450-1800 kg/ha = 16-20 bags/ha). Forage 
soyabeans: varieties (S.H.R. 12, Hernon 147, hay). Address: 
Lusaka, Zambia.

1819. Balasubramanian, A.; Shantaram, M.V.; Emmimath, 
V.S.; Siddaramappa, R. 1974. Lindane increases nodulation 
and yield in soyabean plants. Pesticides 8(1):35. Jan.
• Summary: Lindane active ingredient was applied at 1, 5 
and 10 X recommended level, and seeds were inoculated 
with Rhizobium. Increased levels of lindane application 
enhanced the number and size of nodules, dry matter, seed 
yield and nitrogen uptake. Address: Microbiology Div., Univ. 
of Agricultural Sciences, Bangalore, India.

1820. Hatfi eld, J.L.; Egli, D.B.; Leggett, J.E.; Peaslee, D.E. 
1974. Effect of applied nitrogen on the nodulation and early 
growth of soybeans (Glycine max (L.) Merr.). Agronomy 
Journal 66(1):112-14. Jan/Feb. [11 ref]
• Summary: Dry weight of inoculated plants receiving N for 
0 and 2 weeks was signifi cantly lower than that of inoculated 
plants receiving N for 4 and 6 weeks. Dry weight of stems 
and leaves of uninoculated plants receiving N for 6 weeks 
was the same as for inoculated plants receiving N for 4-6 
weeks. Results indicate the importance of soil N for initial 
growth, even with inoculation. Address: Dep. of Agronomy, 
Kentucky Agric. Exp. Station, Lexington, KY.

1821. Phillips, Donald A. 1974. Factors affecting the 
reduction of acetylene by Rhizobium-soybean cell 
associations in vitro. Plant Physiology 53(1):67-72. Jan. [13 
ref]
• Summary: Because endogenous ethylene production has 
been reported in cultured soybean tissue (LaRue, et al, 
1971, Plant Physiol 48:394-398), this study was undertaken 
to determine whether reports of ethylene produced by an 
association between Rhizobium and soybean cells in vitro 
had actually resulted from acetylene reduction or from 
other metabolic pathways. Acetylene dependent production 
of ethylene was observed. Address: Dep. of Life Sciences, 
Indiana State Univ., Terre Haute, IN 47809.

1822. Dovring, Folke. 1974. Soybeans. Scientifi c American 
230(2):14-21. Feb. Cover story.
• Summary: The subtitle reads: “Now in a class with 
wheat and not far behind corn as a major U.S. crop, they 
have become one of the nation’s main exports. They are 
thus playing an important role in balancing payments for 
imports.”
 A chart (p. 19) shows that in the year ending 30 June 
1973, soybeans and soybean products were America’s largest 
agricultural export, followed by wheat and fl our, feed grains, 
animals and animal products, fruits and vegetables, cotton, 
tobacco, and rice, in that descending order. Soybeans now 
account for more than 5% of all U.S. exports.

 A map (p. 16) shows soybean growing areas in the USA; 
Each dot represents 10,000 acres planted to soybeans as 
determined by the 1964 census of agriculture. Most soybeans 
are grown in the Midwest (Ohio, Indiana, Illinois, Iowa), 
north of the Ohio River, and all along the Mississippi and 
Wabash Rivers.
 Photos show: (1) A close-up of a page full of harvested 
soybeans. (2) A fi eld of soybeans. (3) A man standing atop a 
large quantity of soybeans, surrounded by metal silos.
 A nice illustration shows a soybean plant heavy with 
pods, and a close-up of two soybeans in a pod.
 Graphs show: (1) Production of soybeans from 1935 
to 1973, worldwide, USA, China, and Brazil. (2) U.S. 
consumption of margarine and butter (total and individually) 
from 1930 to 1972, plus use of soybean oil for making 
margarine. Consumption of margarine in the U.S. passed 
that of butter in about 1955-56. (3) Consumption of meat, 
poultry, and energy; both are rising in the USA, leading 
simultaneously to an increased dependence on imports of 
petroleum and meat, and to the use of more farmland to raise 
food for domestic animals.
 Page 17: Over the past fi ve years or so, foreign trade 
in soybeans has become the largest item among U.S. 
agricultural exports, exceeding in value both wheat and corn.
 The idea of producing soy protein foods for direct 
human consumption is not just a thing of the future. “Meat 
analogues and other soy-protein dishes that many people fi nd 
tasty are already on the market.”
 Concerning dietary changes (p. 19): “Soy protein is 
nutritionally somewhat less complete than meat, but the few 
defi ciencies can be made up easily from other vegetables, 
including corn. A complete [vegan] diet without animal 
products is therefore readily attainable. Many more meat 
imitations than are currently available could be made from 
soybeans, including analogues of several boneless meat and 
poultry cuts.
 “A move toward a more vegetable diet would have 
several advantages for the public, such as lowering the cost 
of living and reducing the ingestion of fat. It would lessen 
the pressure of economic activity on the environment, since 
the current energy crisis is symptomatic of an impending 
scarcity of resources that would be greatly relieved if less 
land were used to feed domestic animals.
 “The production of natural bacon, for example, requires 
ten times as much cropland as the same quantity of bacon 
analogue from soybeans; beef production calls for from 
15 to 20 times as much land as is needed for soy protein. 
Moreover, since soybeans obtain their own nitrogen 
fertilizer, they draw less on the energy intensive industries 
that manufacture commercial fertilizers. The ecological 
pressure from high levels of application of nitrogen 
fertilizers would also diminish, because less nitrogen would 
leak into the ground water and streams.” Address: Prof. of 
Agricultural Economics, Univ. of Illinois, Urbana.
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1823. Iswaran, V. 1974. Soybean inoculation in the 
Philippines. Science Review 15(1):24-25. Jan/Feb.
• Summary: In 1970, inoculants were fi rst produced on a 
large scale in India. Many farmers reported to the to the 
inoculant producer that yields were improved signifi cantly 
through inoculation.
 Some farmers and advisers support inoculation, while 
others oppose it.
 “There is no magic in artifi cial inoculation. The best 
inoculant cannot compensate for poor seed, poor seedbed 
preparation, poor planting, poor weed control, or poor 
harvest methods. Effective inoculation contributes to plant 
vigor; does not overcome insect pests or disease. But under 
improved agronomic practices, inoculation can contribute 
to the production of top soybean yields. India, for example, 
by the use of inoculants, is now encouraging soybean 
production to meet the shortage of vegetable oils and in 
correcting calorie and protein defi ciencies of the people. It 
is time that inoculations are practiced in this country too 
which will go a long way in improving the yields of all 
grain legume pulse crops which have been rather poor. The 
cost of such inoculants are very low so that the use of the 
same would help to revolutionize pulse cultivation in the 
Philippines without depending on artifi cial N-fertilizers.” 
Address: Microbiologist, Div. of Microbiology, Indian 
Agricultural Research Institute [IARI]. New Delhi 12, India.

1824. Lawn, R.J.; Brun, William A. 1974. Symbiotic 
nitrogen fi xation in soybeans. I. Effect of photosynthetic 
source-sink manipulations. Crop Science 14(1):11-16. Jan/
Feb. [19 ref]
• Summary: Symbiotic nitrogen fi xation in the varieties 
tested declined during podfi lling as the result of inadequate 
assimilate to the nodules. Address: Dep. of Agronomy and 
Plant Genetics, Univ. of Minnesota, St. Paul, MN 55101. 
Brun is now Research Scientist, Div. of Tropical Agronomy, 
CSIRO, Brisbane, Australia.

1825. Lawn, R.J.; Brun, William A. 1974. Symbiotic 
nitrogen fi xation in soybeans. III. Effect of supplemental 
nitrogen and intervarietal grafting. Crop Science 14(1):22-
25. Jan/Feb. [12 ref]
• Summary: Soybeans fail to respond to nitrogen fertilizer 
like non-leguminous crops do. “In general, nodule initiation, 
development, and nitrogen-fi xing activity are all inhibited 
by increasing availability of inorganic nitrogen [fertilizer]... 
Thus the addition of nitrogen to the soil tends to substitute 
for, rather than supplement, symbiotic [nitrogen] fi xation.” 
Address: Dep. of Agronomy and Plant Genetics, Univ. of 
Minnesota, St. Paul, MN 55101. Brun is now Research 
Scientist, Div. of Tropical Agronomy, CSIRO, Brisbane, 
Australia.

1826. Lawn, R.J.; Fischer, K.S.; Brun, William A. 1974. 
Symbiotic nitrogen fi xation in soybeans. II. Interrelationship 
between carbon and nitrogen assimilation. Crop Science 
14(1):17-22. Jan/Feb. [9 ref]
• Summary: Total nodule activity (TNA) is affected by 
the physiological stage of development of the plant. Fresh 
nodule weight per plant and specifi c nodule activity (SNA) 
increased during the pre-fl ower and fl owering stages of 
development, but SNA (and consequently TNA) decreased 
signifi cantly during pod-fi lling. Address: Dep. of Agronomy 
and Plant Genetics, Univ. of Minnesota, St. Paul, MN 55101. 
Brun is now Research Scientist, Div. of Tropical Agronomy, 
CSIRO, Brisbane, Australia.

1827. Harper, J.E. 1974. Soil and symbiotic nitrogen 
requirements for optimum soybean production. Crop Science 
14(2):255-60. March/April. [10 ref]
• Summary: “Abstract: Field and outdoor hydroponic 
studies were conducted to determine the relative potential 
of soybeans... to utilize nitrate and atmospheric nitrogen 
as sources of nitrogen. Comparisons of nodulating and 
nonnodulating isolines coupled with enzymatic assays 
of nitrate reductase (in vivo) and nitrogenase (in situ 
acetylene reduction) were used as indexes.” Address: Plant 
Physiologist, U.S. Regional Soybean Laboratory, North 
Central Region, ARS, USDA, and Department of Agronomy, 
Urbana, Illinois.

1828. Kamprath, E.J. 1974. Nutrition in relation to soybean 
fertilization. Tennessee Valley Authority, Bulletin Y-69. p. 
28-32. March. Soybean: Production, Marketing, and Use. [27 
ref]
• Summary: Contents: Introduction. Soil characteristics of 
the major soybean producing areas in the south: Coastal 
plain, Mississippi delta, other areas. Lime responses: 
Neutralization of exchangeable Al, decrease of water-soluble 
Mn, increased Mo availability, nodulation and Rhizobium 
activity, supplying Ca and Mg, lime recommendations. 
Response to P and K fertilization: Phosphorus responses, 
responses to K fertilization. Nitrogen fertilization. Response 
to sulfur. Response to micronutrients. Summary and 
conclusions. Address: Prof. of Soil Science, North Carolina 
State Univ.

1829. Reynolds, Gary. 1974. Let’s break the soybean yield 
barrier. Farm Journal 98(3):21, 44. March.
• Summary: There is reason to believe that soybean yields 
can be doubled in the next 20 years–if you [American 
farmers] get the help you need from researchers and if you 
give soybeans the attention they deserve.
 The 1973 national average was 27.8 bu/acre–a disgrace, 
up only 53% from 20 years ago, while corn yields are up 
125% and grain sorghum yields have jumped a remarkable 
220%.
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 But Wilbur A. Wassenburg (photo) and sons of Nemaha 
Co., Kansas, made a remarkable 91.2 bu/acre last year on 5.2 
acres of bottom land. “That’s the highest yield ever recorded 
in a state contest.” A yield of 80.1 bu/acre was recorded in 
Mississippi and 70.1 bu/acre in North Carolina. Other top 
yields for 1973 range from 44.3 to 67.6 bu/acre.
 So how do they do it? Scientists know that soybeans 
give higher yields when the rows are much closer together 
(thicker stands), with 15 inches between rows rather than the 
typical 30 inches. Some record holders believe in shallow 
planting–no more than 1½ inches–if the moisture is there. 
And in inoculating seed at extra heavy rates. And in using 
“better drills and precision planting.” Perhaps the quickest 
and easiest way to increase yields is to cut harvest losses by 
running your combine slowly and keeping the cutter bar low. 
Harvest losses run from 2-3 bushels/acre and about 80% of 
that occurs at the cutter bar. Of course, choosing the best 
variety is crucial, “but don’t hold your breath waiting for 
hybrids.” Even if breeders do manage to develop a hybrid, it 
may not be commercially viable “because of exorbitant seed 
production costs.”
 Laurel Meade, former head of USDA’s Export 
Marketing Service, notes that U.S. markets for soybeans 
have grown by 600 million bushels since 1967 and he 
predicts they will grow that much again by 1980–if farmers 
focus on increasing their soybean yields. precision planting.

1830. Musa, M.M.; Burhan, H.O. 1974. The relative 
performance of forage legumes as rotational crops in the 
Gezira. Experimental Agriculture (England) 10(2):131-140. 
April. [15 ref]
• Summary: The experiments were conducted at the Gezira 
Research Station (in Sudan) in four successive seasons, from 
1969/70 to 1972/73 on a heavy, alkaline, cracking clay soil 
low in nitrogen. Eight leguminous crops were included, six 
of which were grown exclusively for forage crops [incl. 
soyabean variety Hernon 273, phillipesara, clitoria, and 
lubia], and two (Ashford and Barberton groundnuts) as both 
oil-seed and forage crops. Only the soyabean was inoculated 
with ‘Nitragin.’ Nodule formation was slowest in soyabeans.
 Groundnut, cowpea, and soyabean, which are also 
known as seed crops, produced comparatively poor forage 
yields. Address: Agricultural Research Corp., Medani, 
Sudan.

1831. Weaver, R.W.; Frederick, L.R. 1974. Effect of 
inoculation rate on competitive nodulation of Glycine max 
(L. Merrill). I. Greenhouse studies. Agronomy Journal 
66(2):229-32. March/April. [26 ref]
• Summary: “To study the competition between inoculated 
rhizobia and soil rhizobia in forming soybean... nodules, 
the effect of soil rhizobial population, inoculum strain, and 
inoculum rate on nodulation of soybeans was determined. 
Soybeans were grown under greenhouse conditions on 22 

soils that contained populations of Rhizobium japonicum 
ranging from less than 2 to greater than 1 million/g of soil. 
Liquid inoculum containing up to 1 billion rhizobia was 
added to each 2.5 cm of planted row. After 6 weeks of 
growth, the soybean plants were harvested and the number 
of nodules, nodule fresh weight, and serotype of rhizobia 
forming the nodules were determined. Nodule numbers 
were not increased by inoculation when the soils contained 
more than 1,000 rhizobia/g of soil. With higher rates of 
inoculation, the proportion of nodules formed by the 
inoculum strain was greater. Multiple regression equations 
indicated that number of cells inoculated and number of soil 
rhizobia present accounted for 75% of the variation across 
soils in the percentage of nodules competitively formed by 
inoculum strains. Soybeans grown on soils containing 1,000 
or more rhizobia/g are not likely to be extensively nodulated 
by inoculum rhizobia applied at normal rates (less than 
10,000/seed).” Address: 1. Asst. Prof., Dep. of Soil and Crop 
Sciences, Texas A&M Univ., College Station, Texas; 2. Prof., 
Dep. of Agronomy, Iowa State Univ., Ames, Iowa.

1832. Weaver, R.W.; Frederick, L.R. 1974. Effect of 
inoculation rate on competitive nodulation of Glycine max 
(L. Merrill). II. Field studies. Agronomy Journal 66(2):233-
36. March/April. [26 ref]
• Summary: “To provide a scientifi c basis for predicting 
successful competitive nodulation of soybeans... by 
Rhizobium japonicum, the quantitative relationship between 
soil and inoculum rhizobia, in nodule formation, was 
determined in the fi eld. Soybean seeds were planted at a 
rate of 1 seed/2.5 cm of row and were inoculated with up to 
3.3 x 108 R. japonicum cells/2.5 cm of row. Field plots were 
grown on six soils in Iowa having a range of soil rhizobia 
populations of 1.2 x 101 to 2.3 x 105/g of soil. Numbers of 
nodules on tap and lateral roots of soybeans grown on soils 
containing fewer than 12 rhizobia/g were increased when 
inoculation rates exceeded 3.3 x 104 cells/seed. Neither 
numbers of nodules nor total nodule mass was increased 
by inoculation of soybeans grown on soils containing more 
than 1 x 103 rhizobia/g. When an inoculation rate of 3.3 x 
106 rhizobia/seed was used on soybeans grown in soils with 
fewer than 12 rhizobia/g and in soils with approximately 1 
x 103 rhizobia/g, the inoculum strain produced, respectively, 
65% and 35% of the nodules. From our results it may be 
predicted that if the inoculum rhizobia are to form 50% or 
more of the nodules an inoculum rate of at least 1,000 times 
the soil population (per g soil) must be used. Commercial 
inoculants in the United States probably are not supplying 
adequate numbers of rhizobia for successful competitive 
nodulation of soybeans grown on land previously cropped 
to soybeans.” Address: 1. Asst. Prof., Dep. of Soil and Crop 
Sciences, Texas A&M Univ., College Station, Texas; 2. Prof., 
Dep. of Agronomy, Iowa State Univ., Ames, Iowa.
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1833. Balasundaram, V.R. 1974. Nodulation of soybean 
under Indian conditions. Proceedings of the Indian National 
Science Academy. Part B, Biological Sciences 40(5):512-15. 
May. [6 ref]
• Summary: Effective nodulation is a basic requirement for 
successful cultivation of soybeans. Due to high temperature, 
inoculation has proven diffi cult in some parts of India. 
Pelleting, mulching and deep sowing offer little help. At the 
present, dependence on naturalized rhizobia is required. A 
greater understanding of intervarietal specifi city would be 
helpful. Address: Div. of Microbiology, Indian Agricultural 
Research Inst. [IARI], New Delhi 110012, India.

1834. Banerjee, S.K. 1974. Homeostatic control in 
nodulation. Proceedings of the Indian National Science 
Academy. Part B, Biological Sciences 40(5):499-506. May. 
[13 ref]
• Summary: The existence of an autonomous control 
conserving the normal limit of nodular activity was 
postulated, as supported by data from X-ray induced variants 
of soybean. Such a homeostasis would be unique because it 
would involve interacting organisms of absolutely different 
natures. Address: Nodule Research Lab., Botany Dep., 
Burdwan Univ., Burdwan, West Bengal, India.

1835. Hinson, Kuell. 1974. Tropical production of soybeans. 
INTSOY Series No. 2. p. 38-54. Proceedings of the Workshop 
on Soybeans for Tropical and Subtropical Conditions 
(College of Agric., Univ. of Illinois at Urbana-Champaign). 
[Eng; spa]
• Summary: Contents: Abstract (Spanish). Introduction. 
Photoperiod response. Varieties and population density. Soils 
and fertilizers. Inoculation. Mycorrhizal fungi. Diseases and 
insects. Summary.
 “The rapid increase in world demand for soybeans 
and soybean products indicates a need for developing new 
production areas. Many tropical areas need the protein 
and oil that soybeans can provide. Economic situations 
favor local production where this is feasible. My limited 
experience with soybeans in the tropics suggests that 
soybean production can be profi table in many tropical areas.”
 “We normally plant soybeans 20 to 50 days before day 
lengths are longest. Seed development takes place when 
days are shortening. In northern U.S., we use this part of the 
photoperiod cycle because temperature changes force us into 
it. In southern U.S., we use it because we get higher yields 
by doing so.
 “A similar relationship between photoperiod and plant 
development cycles probably is best for tropical locations. 
My concept of the combination of plant and environmental 
traits that would be near optimum for low elevation, tropical 
locations is as follows:”
 “1. A determinate variety planted 20 to 50 days before 
maximum day length... 4. About 120 days from planting to 

maturity. 5. About 15 nodes; 30 to 36 inches stem length.”
 “We recognize that the length of the dark period actually 
controls plant responses. However, we will follow the 
established pattern, which uses the reciprocal terms. Day 
length and photoperiod are used interchangeable.
 “At 0º latitude, effective day length is assumed to be 
constant at 12 hours and 48 minutes.”
 “Small seeds usually maintain better quality during the 
maturation process, deteriorate less if harvesting is delayed, 
and are damaged less during threshing and handling. Thus, 
small seeded varieties probably would be a more attractive 
food source, and they will produce better stands at lower 
seeding rates, because there are more seeds per pound and 
seeds germinate better.
 “Soils and Fertilizers:
 “Soybeans can be grown on almost any soil type that 
will provide adequate but not excessive moisture. Lime is 
often needed to produce a more favorable pH and to supply 
calcium and magnesium.”
 “Dr. Norman Schenk and I found mycorrhizal fungi 
on soybean roots in all fi elds examined in Florida in 1969. 
The species prevalent varied as soil environments varied. 
Inoculating plants with one species increased seed yield 
53%. Ross and Harper increased seed yields 29% by 
inoculating with a species that we did not fi nd in our Florida 
survey.”
 “Mycorrhizal fungi that colonize soybean roots 
apparently are widespread in the U.S.”
 Graphs show: (1) Photoperiod cycles at 0, 10, and 20º 
north latitude assuming effective day length when the sun is 
less than 6º below the horizon. Shows that the effective day 
length is shortest in Dec. [winter solstice] and longest in June 
[summer solstice]. (2) Assumed plant development cycles 
for Jupiter soybeans planted on June 1 (right) and March 1 
(left) at 20º north latitude. Shows periods of fl oral initiation, 
fl owering, and maturity. Address: Research Agronomist, 
USDA, ARS, Southern Region, Florida-Antilles Area, 
Gainesville, Florida.

1836. Singh, J.N.; Tripathi, S.K.; Negi, P.S. 1974. Yield 
and nitrogen content of non-nodulating soybean grown in 
association with nodulating lines. Proceedings of the Indian 
National Science Academy. Part B, Biological Sciences 
40(5):507-11. May. [9 ref]
• Summary: Isogenic nodulating and non-nodulating 
soybeans were grown in several combinations to determine 
the benefi t derived from association. Even application of 
200 kg N/ha to the non-nod soybeans did not produce yields 
equal to the nodulated isolines, suggesting that biologically 
supplied N might be more suitable than applied N. The total 
N supplied to non-nod plants through association was equal 
to 100 kg N/ha. Address: G.B. Pant Univ. of Agriculture and 
Technology, Pantnagar, India.
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1837. Tanner, J.W.; Ahmed, 
Shabir. 1974. Growth 
analysis of soybeans treated 
with TIBA. Crop Science 
14(3):371-74. May/June. [11 
ref]
• Summary: TIBA, a 
growth regulator, increases 
soybean yields. “Later-
maturing cultivars responded 
more than early-maturing 
cultivars. Total dry matter 
production and rate of 
total dry matter production were not altered by TIBA; 
however, both seed yield and rate of reproductive dry matter 
production were greater on treated than on control plots. The 
data support the theory that TIBA acts by slowing vegetative 
growth and increasing reproductive growth...” Address: Prof. 
and former Graduate Student, respectively, Crop Science 
Department, University of Guelph, Guelph, Ontario, Canada.

1838. Tilak, K.V.B.R.; Saxena, M.C. 1974. Performance 
of peat-based single strains of Rhizobium japonicum on 
soybean (Glycine max). Proceedings of the Indian National 
Science Academy. Part B, Biological Sciences 40(5):476-78. 
May. [9 ref]
• Summary: In a comparison of indigenous strains, 
differences in yield were not signifi cant. Those with greater 
viability and higher respiration rates also recorded better 
nodulation and yields.
 “Introduction: Peat-based cultures are superior to soil-
based cultures as survival of rhizobia in peat is quite high 
because of its high organic matter content, and greater water 
holding capacity (Date 1959; Hedlin and Newton 1948 and 
Newbould 1951). Single strain cultures are at present in use 
in India, but multiple strain inoculants are to be preferred, 
because of specifi city of the strain to the variety of crop 
like soybean.” Address: G.B. Pant Univ. of Agriculture and 
Technology, Pantnagar (Nainital), India.

1839. Dobereiner, Johanna. 1974. Legumes in Latin 
American agriculture. Proceedings of the Indian National 
Science Academy. Part B, Biological Sciences 40(6):768-94. 
June. [150+* ref]
• Summary: A very important paper. “Introduction: In 
contrast to most Eastern [Asian] Countries, the Latin 
American continent is underpopulated and many areas are 
available, mainly in the central regions, which represent 
possibilities for potential protein yield increases. More 
than two million sq km. of savannas of the Brazilian 
Central Highlands, for example, are covered up to now 
with practically useless ‘cerrado’ vegetation, but could be, 
made suitable for mechanized legume cultivation,” once the 
economics are worked out.

 On pages 772-73 is a section on soybeans:
“Glycine max is the most important oil and grain legume 

in the East, but the USA are by far the largest soybean 
producers in the world, with 31 million tons produced 
against 11.5 by China and 3.5 by Brazil (FAO 1971), the two 
following soybean producing countries. Although soybeans 
are not a tropical, but rather a subtropical crop, some 
reference to it seems necessary within this report due to the 
great importance of this crop in oil and protein production 
and soil improvement, in the developing countries. It seems 
the only grain legume which is suitable for mechanized 
cultivation on large areas and soybean protein yields/ha are 
the highest obtainable on large-scale basis.
 “The soy bean culture was introduced on a larger scale 
into the South of Brazil about 12 years ago, and is extending 
with explosive speed onto the Southeast States and very 
lately into the Central Highlands of Mato Grosso, Goias and 
Minas Gerais. Table I gives some fi gures which indicate 50 
to 100 per cent increases in soybean production per year and 
due to the up to now unlimited export market, estimates are 
for 10,000,000 tons in 1977. Within a few years, soybeans 
became the second most important export product of Brazil 
(after coffee). Soybeans in all these areas are inoculated and 
grown without nitrogen fertilizer and inoculation is required 
by the banking institutions in order to give credits.”
 Table 1 shows “Increase in soybean production in 
several Brazilian states (in tons) (IBGE 1973).”
 “There are large differences between soybean cultivars 
in their performance of the symbiosis (Dobereiner et al. 
1966; Hardy et al. 1971), some cultivars nodulating easily in 
all soils and with every inoculant, while others usually form 
only few nodules and are capable of a satisfactory symbiosis 
only under optimal soil and environment conditions and 
with specifi c strains. Unfortunately most highly productive 
soybean cultivars from the USA are of the latter type, as 
soybean breeding programmes in this country are more 
often neglecting completely nodulation ability and selecting 
their new cultivars in plots heavily fertilized with mineral 
nitrogen.
 “Apart from the earlier work initiated by Williams and 
Lynch (1954) and that of the Beltsville group (Weber et 
al. 1971), which confi rms the importance of plant genetic 
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characters in soybean nodulation, to the author’s knowledge 
there is no systematic study on genetics of the soybean 
symbiosis, a fi eld urgently needed to assure successful 
soybean breeding for countries where soybean’s must be 
suitable for high yields when grown without mineral N.
 “Environmental effects on nodulation diffi culties 
were shown by Vincent (1967); it was suggested that easy 
nodulating soybean cultivars need less calcium for optimal 
nodulation which is also less inhibited by soil nitrogen 
(Doebereiner and Arruda 1967). Nodulation diffi culties 
in G. wenghtii [perhaps Glycine wightii, since renamed 
Neonotonia wightii] and D. uncinatum [Desmodium 
uncinatum] were attributed to low calcium extracting 
capacity (Norris 1967). Recent soybean research is directed 
to host Rhizobium combinations which are less inhibited by 
additional mineral fertilizer (Hardy et al. 1971; Rios 1972, 
unpublished) and to longer-lasting active nodule tissue.
 “Soybean Rhizobium strains could be divided into 
two groups, one composed of the large majority of strains 
which are serologically unrelated and show moderate nodule 
effi ciency and the other of a smaller group of strains, all 
serologically related to three serotypes, one originated in the 
USA, one in Australia and one in Japan, with the ability to 
fi x about twice the amount of N2 per g nodule (Dobereiner 
et al. 1970). This higher effi ciency was accompanied by a 
20 per cent higher leg-haemoglobin and 100 per cent higher 
Mo content of the nodules (Pedrosa et al. 1970), but was 
independent of the volume of bacteroid tissue within the 
nodule.
 “A laboratory test to differentiate between these two 
types of strains was based on the growth in liquid medium 
where the inhibition by 400 ppm asparagine in comparison 
with 100 ppm was used as differentiation character. The 
group of very effi cient strains was inhibited 75±8.7 per cent 
while the remaining strains only 11 per cent ± 8.6 (Pedrosa 
et al. 1970b). As nodule initiation and growth seem more 
sensitive to adverse soil conditions than nitrogen fi xation 
per se, Rhizobium strains fi xing more nitrogen per unit 
nodule tissue are at advantage in the fi eld compared with 
less effi cient strains; in the greenhouse, where there is no 
limit to nodule formation, the two groups of strains might 
not be distinguished. The group of strains with high nodule 
effi ciency and which was inhibited by DL-asparagine 
contained most of the strains previously selected as the best 
fi eld strains in Australia, USA and Brazil.” Address: Central-
South Agricultural Research Inst. (Instituto de Pesquisa 
Experimentacao Agropecuarias Centro-Sul), Rio de Janeiro, 
Embrapa, Brazil.

1840. Pereira, Joao; Braga, J.M.; De Novais, R.F. 1974. 
Efeito de fontes e doses de fosforo na adubacao da soja 
(Glycine max (L) Merrill), em um solo sob campo cerrado 
[Effect of sources and doses of phosphorus in the fertilization 
of soybeans (Glycine max (L.) Merrill) in a scrubland soil]. 

Revista Ceres (Vicosa) 21(115):227-46. May/June. [25 ref. 
Por; eng]
• Summary: “The results obtained, permit the following 
conclusions:
 “1. The sources and rates of phosphorus applied 
increased signifi cantly nodules weight, the content of 
phosphorus in the leaves and the amount of phosphorus 
recommended.
 “2. In terms of the phosphorus content of the leaves, 
the effi ciency of the various sources of phosphorus take the 
following order; Thermo phosphate, Thomas slag, ordinary 
super phosphate, triple superphosphate, bone meal and 
Araxa rock phosphate. The effi ciency of recovery of the 
various sources take the following order beginning with the 
most-effi cient: Thermo phosphate, triple super phosphate, 
slag, ordinary superphosphate, bone meal and Araxa rock 
phosphate.
 “3. The level of Ca and K in the soybean leaves tended 
to increase with increasing rates of phosphorus while Mg 
decreased.” Address: 1. Agricultural Researcher, Ministry 
of Agriculture; 2. Scholar of the National Research Council 
(CNPq); 3. Adjunct Prof. and Asst. Professor of the Federal 
University of Viçosa.

1841. Pereira, Joao; Braga, J.M.; De Novais, R.F. 1974. 
Efeitos de fontes e doses de fosforo na nodulacao da soja 
(Glycine max (L) Merril), e na sua absorcao de nutrientes em 
um solo sob campo-cerrado [Effects of sources and doses 
of phosphorus on nodulation of soybeans (Glycine max (L.) 
Merrill) and on their uptake of nutrients from a scrubland 
soil]. Revista Ceres (Vicosa) 21(115):213-26. May/June. [14 
ref. Por]
• Summary: “On the basis of the results it was concluded 
that:
 “1. The sources and doses of phosphorus have decreased 
signifi cantly the weight of the nodules, the percentage of 
this element taken up into the leaves, and also the amount of 
uptake of phosphorus.
 2. The sources used acted differently in relation to 
the characterization of the plants that were used. For the 
amount of phosphorus into the leaves, for example, the 
following sequence, in terms of effi ciency was observed: 
Thermophosphate Tomas slag, Simple superphosphate, 
triple superphosphate, bone fl our and apatite of Araxa; for 
the uptake of phosphorus the sequence of effi ciency was: 
Thermophosphate, triple superphosphate, Thomas slag, 
simple superphosphate, bone fl our and apatite of Araxa.
 “3. There was a tendency of increasing the amount 
of calcium and potassium, and decreasing the amount of 
magnesium in the leaves as the doses of phosphates were 
increased.”
 Note: In the subtitle, campo-cerrado refers to a fi eld 
in the Brazilian “cerrado,” which is a vast tropical savanna 
ecoregion of Brazil, particularly in the states of Goiás, 
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Mato Grosso do Sul, Mato Grosso, Tocantins and Minas 
Gerais. Address: Pesquisador em Agricultura do Ministerio 
da Agricultura e Bolsista do CNPq, Professor Adjunto e 
Professor Assistente da Universidade Federal de Vicosa, 
respectively.

1842. Tansiri, Bandit; Vasuwat, Y.; Vangnai, S. 1974. 
Rhizobium japonicum strains effective on nitrogen fi xation 
with soybean S.J. 2 in Korat soil series. Kasetsart Journal 
8(1):19-22. Jan/June. [4 ref. Tha; eng]
• Summary: “Effects of fourteen Rhizobium japonicum 
strains; fi ve from various soybean cultivated areas in 
Thailand, two from Taiwan, fi ve from the United State of 
America, and two from Japan; on nodulation, nitrogen 
fi xation and yield of soybean S.J. 2 in Korat soil were tested 
in the green house. It was found that Rhizobium strains 8-T, 
110, 76, 15-7, 18-8 and 62 were relatively more effective. 
Among those strain 110, a Rhizobium strain from the United 
State of America, was the most effective one.” Address: 
[Thailand].

1843. Bohlool, B.B.; Schmidt, E.L. 1974. Lectins: a possible 
basis for specifi city in the Rhizobium-legume root nodule 
symbiosis. Science 185(4147):269-71. July 19. [8 ref]
• Summary: The specifi city may be accounted for by an 
interaction between legume lectin and Rhizobium cells. 
Labeled lectin combined with 22 of 25 strains of soybean-
nodulating rhizobia, but did not bind with 23 strains that do 
not nodulate soybean. Address: Depts. of Microbiology and 
Soil Science, Univ. of Minnesota, Minneapolis, MN 55455.

1844. Crops and Soils Magazine. 1974. Fertility: Puzzle–
Where does the soybean get its nitrogen? 26(8):21. June/July.
• Summary: Researcher David R. Johnson and his graduate 
students at the University of Missouri, Columbia, “have 
determined that soybeans are getting far more nitrogen than 
they are capable of fi xing from the air.”

1845. Lima, A.; Pereira, G.; Abrahao, J.; Oliveira, B.S., Jr. 
1974. Bacillus polymyxa, agente responsavel pela inibicao de 
Rhizobium japonicum em cultura de soja [Bacillus polymyxa, 
an organism responsible for the inhibition of Rhizobium 
japonicum in a soybean culture]. O Biologico 40(7):214-15. 
July. [3 ref. Por; eng]
• Summary: Summary in English: “Inoculants in soybean 
may be ineffi cient when the crops is established in soils 
previously cultivated with potatoes. Due to the occurrence of 
potatoes residues in the autolysis phase in such soils, under 
favorable conditions, Bacillus polymyxa may develop, thus 
inhibiting the development of Rhizobium japonicum used as 
potential nitrogen supplier in soybean crops.” Address: 1. 
Eng. Agr., Pesquisador Cientifi co Encarregado de Setor de 
Cursos e Treinamentos do Instituto Biologico de Sao Paulo.

1846. Sistachs, E. 1974. Nodulation studies in soybeans. The 
infl uence of the concentration, form and time of application 
of combined nitrogen on symbiotic response Cuban Journal 
of Agricultural Science (formerly Revista Cubana de Ciencia 
Agricola) 8(2):203-09. July. [11 ref. Eng]
• Summary: “The effect of various forms of combined 
nitrogen additions at two different growing stages of 
nodulated soybean plants was examined in a short term 
experiment using sand culture. N doses of 0, 10, 20, 30, 40 
and 50 mg/plant, as Na4NO3 or urea, were added at sowing 
or immediately after cotyledon exhaustion. Combined 
nitrogen additions after plant cotyledon shedding overcame 
the marked injuries on primary nodulation found with 
any of the forms of combined nitrogen added at sowing. 
However, the adverse effects on subsequent nodulation 
were not different from those caused by nitrogen added at 
sowing. Total nodule dry weight production per plant was 
markedly restricted by both forms of combined nitrogen 
added regardless of the time of application. Growth and 
nitrogen content of well nodulated plants were not improved 
by additions of ammonium nitrate. Responses to urea 
were attributed to the adverse infl uence that experimental 
technique had on nodulation.” Address: Instituto de Ciencia 
Animal, Apartado 24, San Jose de las Lajas, La Habana 
[Havana]Cuba.

1847. Sistachs, E. 1974. Nodulation studies in soybeans: 
The infl uence of concentration, form and time of application 
of combined nitrogen on symbiotic response. Cuban J. of 
Agricultural Science (Cuba) 8(2):203-09. July. [11 ref. Eng]
• Summary: Nodulation of the primary roots of soybean 
plants grown from inoculated seeds in sand culture was much 
reduced by the application of up to 150 mg of nitrogen per 
pot in the forms of urea and ammonium nitrate at the time 
of planting. Less reduction occurred when the nitrogen was 
applied after the reserves in the soybean cotyledons had been 
exhausted. This indicates that once nodulation has started it 
will continue regardless of nitrogen availability. Nodulation 
of the secondary roots was reduced by urea regardless of 
the time of application; it was either not reduced or much 
less reduced by ammonium nitrate. The growth and nitrogen 
content of well-nodulated plants were not improved by the 
addition of ammonium nitrate. Address: Instituto de Ciencia 
Animal, Apartado 24, San José de las Lajas, La Habana, 
Cuba.

1848. Smith, R.S.; R.H. Miller, R.H. 1974. Interactions 
between Rhizobium japonicum and soybean rhizosphere 
bacteria. Agronomy Journal 66(4):564-67. July/Aug. [17 ref]
• Summary: Eight of nine rhizosphere bacteria isolates 
inhibited R. japonicum on agar. Nodulation was not affected, 
but one isolate caused severe soybean tap root injury. 
Address: Dep. of Agronomy, Ohio State Univ., Columbus, 
OH.
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1849. Burris, Robert H. 1974. Biological nitrogen fi xation, 
1924-1974. Plant Physiology 54(4):443-49. Oct. [51 ref]
• Summary: Rotation of legumes with other crops was 
practiced in ancient times. It was not until the 1830’s, when 
Boussingault established one of the earliest agricultural 
experiment stations, that an explanation for the benefi t 
was offered. This review emphasizes advances in our 
understanding of the biochemistry of nitrogen fi xation. 
Address: Dep. of Biochemistry, College of Agricultural and 
Life Sciences, Univ. of Wisconsin at Madison, Madison, WI 
53706.

1850. van Straten, J.; E.L. Schmidt. 1974. Diminution 
of acetylene reduction during assay of detached soybean 
nodules. Soil Biology and Biochemistry 6(4):231-34. Aug. [5 
ref]
• Summary: Ethanol was identifi ed as a product of acetylene 
reduction that may be involved in the cessation of C2H2 
reduction under certain circumstances. Address: Dep. of Soil 
Science, Univ. of Minnesota, St. Paul, MN 55101.

1851. Bhargava, J.K.; Saxena, M.C.; Tilak, K.V.B.R. 1974. 
Response of soybean to inoculation with various cultures of 
Rhizobium japonicum. Proceedings of the Indian National 
Science Academy. Part B, Biological Sciences 40(5):471-
475. Oct. [6 ref]
• Summary: Note: “Papers presented at the Symposium 
on ‘Legume Inoculants–Science and Technology’, held in 
New Delhi on October 23-25, 1972 (Convener Dr. M. S. 
Swaminathan, F.N.A.) are being published in this issue of the 
Proceedings.”
 Inoculation with effective strains produced better 
nodulation. Application of N adversely affected nodulation. 
Some indigenous strains proved as effective as imported 
cultures. Combinations of strains can improve effi ciency, 
but some strains are antagonistic to one another. Address: 
G.B. Pant Univ. of Agriculture and Technology, Pantnagar 
(Nainital), India.

1852. Klucas, Robert V. 1974. Studies on soybean nodule 
senescence. Plant Physiology 54(4):612-16. Oct. [30 ref]
• Summary: Loss of acetylene reduction was used as 
an indicator of nodule senescence. Nitrogenase activity 
decreased 60% between 58 and 65 days after planting 
Beeson soybean variety, and 68 to 75 days after planting 
Calland soybeans. Enzyme activities of the bacteroids were 
studied, and changes described. Address: Lab. of Agricultural 
Biochemistry, Univ. of Nebraska, Lincoln, NE 68503.

1853. Lindemann, W.C.; Schmidt, E.L.; Ham, G.E. 1974. 
Evidence for double infection within soybean nodules. Soil 
Science 118(4):274-79. Oct. [11 ref]
• Summary: At an inoculation density of 109 million 

rhizobia per plant, using 2 strains in equal proportions, 32% 
of the nodules were infected by both strains. The percentage 
of double infection decreased as inoculum density decreased. 
Address: Univ. of Minnesota, St. Paul, MN.

1854. Phillips, Donald A. 1974. Promotion of acetylene 
reduction by Rhizobium-soybean cell associations in vitro. 
Plant Physiology 54(4):654-55. Oct. [8 ref]
• Summary: The addition of succinic acid or glutamine 
stimulated nitrogenase activity. Address: Dep. of Life 
Science, Indiana State Univ., Terre Haute, IN 47809.

1855. Hamdi, Yousef A.; Abd-El-Samea, M.E.; Loutfi , 
M. 1974. Nodulation of soybean under fi eld conditions. 
Zentralblatt fuer Bakteriologie. Series 2 129(6):574-78. Dec. 
10. [14 ref. Eng; ger]
• Summary: Seeds of the soybean variety Clark were 
inoculated with three different levels of bacterial cells, each 
level having one-tenth as many cells as the previous one. The 
fi rst level was 28 million cells per seed. The inoculated seeds 
were planted in (1) fi eld plots, and (2) pots containing the 
same soil kept under greenhouse conditions. The plants in 
both places were examined after 22, 38, 57, and 102 days.
 In the greenhouse pots, nodulation was frequent within 
22 days of inoculation at the highest level. However in the 
fi eld plots, no nodules were observed at this time on seeds 
with the same level of inoculation, or in the greenhouse with 
seeds inoculated at the lowest level.
 After 57 days in the fi eld, nodulation was between 87-
92% [meaning unclear] when inoculation was at the highest 
rate, but dropped to 47% for seeds inoculated at the lowest 
rate. Further details are shown in complex tables. Address: 
Inst. of Soil and Water Research, Section of Microbiology, 
Orman, Giza, Egypt (A.R.E. / V.A.R.).

1856. Ryan, Eamon; Fottrell, Patrick F. 1974. Subcellular 
localization of enzymes involved in the assimilation 
of ammonia by soybean root nodules. Phytochemistry 
13(12):2647-52. Dec. [27 ref]
• Summary: This paper was received by the journal for 
publication on 9 April 1974. “Experimental (p. 2651): Plants. 
Soybeans (Glycine max var. Kent; seeds obtained from 
U.S. Department of Agriculture, Beltsville, Maryland) were 
grown in nitrogen free medium and inoculated as described 
previously (Fottrell 1966) with Rhizobium japonicum strain 
392.
 “Nodule fractionation: Nodules were removed after 6 
weeks growth, crushed and extracted...”
 “Ammonia, the primary product of nitrogen fi xation, 
causes repression of nitrogenase synthesis. Therefore to 
maintain a high rate of nitrogen fi xation over extended 
periods of time, as in nodulated legumes, it is obvious 
that an effi cient system must exist in legume nodules 
for assimilation of ammonia.” In fact, this ammonia is 
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rapidly incorporated into a number of amino acids such as 
glutamate and aspartate. “A novel enzyme system glutamine: 
2-oxoglutarate aminotransferase oxidoreductase, which 
probably has an important role in ammonia assimilation has 
been detected, in the present studies, in the rhizobial fraction 
of the soybean root nodules and in Rhizobium japonicum 
grown in culture.” The role of this latter enzyme and other 
enzymes such as glutamate dehydrogenase (GDH), aspartate 
aminotransferase (AAT), and alanine aminotransferase 
(GPT) in ammonia assimilation by soybean nodules is 
discussed.
 Other abbreviations used: glutamine 2-oxoglutarate 
aminotransferase oxido-reductase (GOGAT), pyridoxal-5’- 
phosphate (PLP). Address: Dep. of Biochemistry, University 
College, Galway, Ireland [Irish Republic], Ryan’s present 
address: Dep. of Biochemistry, Purdue Univ., Lafayette, 
Indiana 47907.

1857. Sharma, D.S.; Tilak, K.V.B.R. 1974. Comparative 
effi ciency of different commercial inoculants of Rhizobium 
japonicum on fi eld-grown soybeans. Indian J. of Agricultural 
Research 8(4):223-26. Oct/Dec. [8 ref]
• Summary: Indigenous inoculants are just as effective on 
Bragg and Clark soybean varieties as imported ones in bean 
yield, nodulation and nitrogen status of soils. Address: G.B. 
Pant Univ. of Agriculture and Technology, Pantnagar (U.P.] 
[India].

1858. van Straten, J.; E.L. Schmidt. 1974. Volatile 
compounds produced during acetylene reduction by detached 
soybean nodules. Soil Biology and Biochemistry 6(6):347-51. 
Dec. [5 ref]
• Summary: Three volatiles (acetaldehyde, acetone and 
ethanol) were studied. Neither of the fi rst two appeared to 
be implicated in inhibition of C2H2 reduction. Evidence 
indicated that ethanol was the most likely cause of cessation 
of acetylene reduction during prolonged assay of detached 
nodules. Address: Dep. of Soil Science, Univ. of Minnesota, 
St. Paul, MN 55101.

1859. Corby, H.D. 1974. Systematic implications of 
nodulation among Rhodesian legumes. Kirkia 9(2):301-29. *
• Summary: Reports nodulation in Glycine wightii (R. Grah. 
ex W. & A.) Verdc. (=G. javanica auct. mult. = Neotonia 
wightii (Arn.) Lackey comb. nov.) in Zimbabwe. Soy is not 
mentioned.

1860. Israel, Daniel Wesley. 1974. Purifi cation and some 
properties of nitrogenase from soybean root nodules. PhD 
thesis, Dep. of Botany, Oregon State University. 83 p. *
Address: Oregon State Univ., Corvallis, Oregon.

1861. Loong, S.G.; Lenz, F. 1974. Effects of nitrogen 
level and fruit removal on growth, nodulation and water 

consumption of soybean Glycine max (L.) Merrill. Zeitschrift 
fuer Acker- und Pfl anzenbau (J. of Agronomy and Crop 
Science) 139(1):35-43. [Ger; eng]*
• Summary: Growth and yield benefi tted from N. Growth 
of vegetative organs decreased with increasing fruit load. 
Exfl oration resulted in a continued production of new leaves 
and fl owers even when fruit-bearing plants were becoming 
senescent. Address: Univ. of Malaya, Kuala Lumpur, 
Malaysia.

1862. Purseglove, J.W. 1974. Tropical Crops: Dicotyledons. 
London: Longmans. xv + 719 p. Illust. 24 cm. 3rd 
impression in 1 vol. *

1863. Qayyum, F.; Raja, M.E. 1974. Effect of inoculation on 
the grain yield of soybean in Northwest Frontier Province 
[Pakistan]. Proceedings of the Pakistan Science Conference 
25(3):A-16. *

1864. Syarifuddin, A.; Effendy, S.; Ismail, I.G.; McIntosh, 
J. 1974. Performance of corn, peanut, mungbean and 
soybean in monoculture and intercrop combinations of corn 
and legumes in dry season 1973. Contributions of Central 
Research Institute for Agriculture Bogor (Indonesia) No. 12. 
13 p. [Eng; ind]*
• Summary: Yields of legumes decreased when intercropped 
with corn and with increasing populations of corn. Yields of 
different corn varieties increased from 3 to 6 times. Peanuts 
gave the highest net return/ha due to high yield and market 
price, but the highest overall return was for Harapan corn 
inter-cropped with peanuts. Address: National Biological 
Institute, Bogor.

1865. Fundacao Educacional Padre Landell de Moura, 
Colegio do Ar. 1974. Manual de trigo, milho e soja [Manual 
of wheat, corn, and soybeans]. Porto Alegre, Brazil: 
Fundacao Educacional Padre Landell de Moura. 30 p. + 12 p. 
survey. (Curso de telepromocao rural). [Por]
• Summary: Part III gives details on cultivation of soybeans. 
Contents: History of the crop. Economic importance. 
Soybean varieties. Climate and soil for cultivation. Time of 
sowing. Sowing. Spacing and plant densities. Inoculation 
of seeds. Cultural treatments. Harvest. Crop rotation. Crop 
storage. Diseases. Pests. Address: Porto Alegre, Brazil.

1866. Ham, G.E.; Fenster, W.E.; Lambert, J.W.; Hicks, 
D.R. 1974. Inoculation problems of soybeans. University of 
Minnesota Agricultural Extension Service, Fact Sheet Soils 
No. 9. Revised.
• Summary: “Soybean plants are legumes and can live in 
mutual cooperation with certain bacteria (rhizobia) which 
form nodules on the soybean roots. The bacteria and the 
soybean plant working together can utilize gaseous nitrogen 
from the atmosphere. Independently, neither the soybean 
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plant nor the nodule bacteria can utilize nitrogen from the 
air. The soybean plant furnishes food and a home for the 
nodule-forming rhizobia; the rhizobia in the nodule convert 
the gaseous nitrogen, which makes up 80 percent of air, 
into a usable form for soybean plant growth. The process of 
converting atmospheric nitrogen into a usable form is called 
‘nitrogen fi xation.’
 “Well-nodulated soybean plants are needed for most 
effi cient seed production. With medium soil nitrogen and 
good nodulation in the North Central States, about 40 percent 
of the nitrogen required for a 40-bushel yield comes from 
nitrogen fi xed in the nodules.
 “Many legume species utilize nitrogen from the 
atmosphere if they are adequately nodulated. However, 
successful nodulation depends on proper matching of legume 
with rhizobia. For example, soybean plants require one 
kind of rhizobia and alfalfa plants another; they cannot be 
interchanged.
 “Soybean Rhizobia Vary in Nitrogen Fixing Ability: 
Many different strains of soybean rhizobia exist and some 
are better nitrogen fi xers than others. The differences among 
strains are comparable to the differences among varieties of 
a crop. Table 1 shows how a difference in nitrogen fi xing 
ability among rhizobia strains can affect soybean seed yields.
 Table 1: “Infl uence of different soybean strains on seed 
yields of Portage soybeans on a ‘rhizobia-free’ soil.’ Using 7 
different strains, the yield ranged from 25 bushels per acre to 
34 bushels per acre of soybean seeds.
 “This study was conducted on a soil which contained 
few if any soybean rhizobia and no nodules were formed on 
the plants that were not artifi cially inoculated.
 “In many areas of Minnesota, soybeans are rotated 
with corn. With heavier rates of nitrogen fertilizer being 
applied to corn, increasing amounts of residual nitrogen are 
becoming available to the soybean crop. Nodulation and 
nitrogen fi xation are reduced by high levels of soil nitrogen. 
Thus, as the soil nitrogen increases, the amount of nitrogen 
contributed by nodulation decreases. However, studies 
suggest that certain soybean rhizobia strains are better suited 
than others to nodulate soybeans on high-nitrogen soils.
 “When the soybean nodule decays, the rhizobia within 
the nodule are released to the soil surrounding the root where 
they remain viable for a long time. Rhizobia also live and 
reproduce on organic materials in the soil between soybean 
crops. Researchers in Mississippi have obtained excellent 
nodulation and nitrogen fi xation where soybeans have not 
been grown for as long as 12-15 years.
 “Soybean rhizobia are not native to the soils of the 
United States. In the early years of soybean production in the 
U.S., rhizobia were introduced in soil from Japan and China. 
Rhizobia in soil of the current soybean growing areas were 
introduced in commercial inoculants. Rhizobia surviving 
in the soil from previous inoculation are referred to as 
‘naturalized rhizobia.’

 “A study conducted on soils which contained a 
naturalized population of soybean rhizobia showed 
no advantage for inoculation (table 2 [using varieties 
Lamberton, Morris and Waseca]). The inoculated soybeans 
were adequately nodulated by soybean rhizobia in the soil. 
The results probably would have been different if rhizobia 
were not present in the soil. However, most soils in the 
soybean growing areas of Minnesota already contain a 
naturalized population of soybean rhizobia. Introducing new 
rhizobia into such soils and getting nodule formation from 
them is diffi cult with present inoculation techniques.
 “Studies have shown that rhizobia applied to the seed 
at the recommended rate immediately before planting 
produced only about 5 percent of the nodules on the plant. 
The remaining 95 percent of the nodules were produced 
by rhizobia present in the soil prior to planting. This small 
proportion of total nodules is not enough to signifi cantly 
increase the total amount of nitrogen available to the plant.
 “Such results from standard inoculation procedures 
clearly indicate that improved techniques are needed to 
introduce new and more effi cient strains of rhizobia into the 
nodules of the soybean plants. Soybean seed yields probably 
could be increased substantially if a higher percentage were 
formed by more effective strains.
 “Methods of Inoculation: Liquid or peat-based 
inoculants are used in inoculating soybeans. Inoculation is 
based on the premise that rhizobia placed on the seed will 
survive until the root has developed to a stage when it can be 
infected. Infection, the process where the rhizobia penetrate 
the plant roots, begins shortly after germination.
 “The soybean seeds should be planted as soon as 
possible after inoculation because the number of live 
rhizobia on the seed will decrease with time. However, the 
seed should be allowed to dry before planting since seeds 
that are wet from inoculation may be damaged by the planter. 
Exposing inoculated seeds to sunlight, high temperature, 
or severe drying conditions increases the death rate of the 
rhizobia. The more adverse the storage conditions, the fewer 
live rhizobia on the seed.
 “Inoculating soybean seeds weeks or months before 
planting has not proven successful. Large numbers of 
live rhizobia are required to effectively nodulate soybean 
plants and the soybean seed does not provide a suitable 
environment for good survival. The number of live rhizobia 
will be substantially reduced when inoculated soybeans 
are stored in an unheated warehouse in the spring. Liquid-
inoculated soybeans usually degenerate faster than peat-base-
inoculated soybeans.
 “An evaluation of all inoculation procedures is needed. 
Field studies indicate that very large numbers of soybean 
rhizobia (perhaps as many as 200,000 to 1,000,000) are 
needed per seed to produce effective nodulation when no 
naturalized rhizobia are in the soil. The best inoculation 
procedures available are required to provide this large 
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number of rhizobia. According to laboratory tests, many 
samples of inoculated soybean seeds contain below the 
number of rhizobia needed for effective nodulation and some 
samples apparently contained no live rhizobia.
 “The best method of inoculation is the one which will 
provide the greatest number of effi cient nodule bacteria at 
the time the soybean plant is susceptible to nodule formation. 
New processes of inoculation must be approached with 
caution until their value has been proven.
 “Checking for Nodulation: The number of nodules 
present on the root varies greatly depending on the stage 
of growth of the plant, soil texture, drainage, and other 
unidentifi ed factors. Nodulation usually increases from the 
time the plants are about 2 weeks old until they begin to form 
pods.
 “The nodules usually begin to decay when the plant 
sets pods. The nodules may decay before pod formation if 
adverse environmental conditions, such as drought, prevent 
satisfactory plant growth. To determine if the plants are 
nodulated, dig them when they are growing vigorously 
(mid-July or early August) and wash the soil from the roots. 
If the plants are pulled from the soil many of the nodules 
are stripped from the roots leaving the impression of poor 
nodulation. The total volume or weight of nodules is the 
most important indication of successful nodulation. The 
size of nodules usually is affected greatly by the number of 
nodules on the roots. The greater the number, the smaller the 
size. Many small, effective nodules provide as much nitrogen 
to the soybean plant as a few large, effective nodules.
 “Conclusions: Soybean seed should always be 
inoculated when a soybean crop is grown in a fi eld for the 
fi rst time. The seed also should be inoculated if the previous 
crop contained few or no nodules. If the previous soybean 
crop lacked nodulation or if soybeans have not been grown 
on the fi eld for several years, the seeds should be inoculated 
with a peat-based inoculant immediately before planting.
 “If a nodulated soybean crop has been grown on a fi eld 
during the last 4 or 5 years, there is not complete agreement 
on the merits of inoculation. Repeated tests to demonstrate 
yield increases due to inoculation of soybeans have been 
negative. For example, an extensive study in Illinois 
showed that inoculation increased soybean seed yield in 89 
comparisons, decreased yields in 112 comparisons, and had 
no effect in 9 comparisons. Still, some feel that soybean 
inoculation has value.” Address: 1. Associate Professor, 
Soils.

1867. Hunter, William James. 1974. Soybean pectic and 
cellulolytic enzymes and their role in the rhizobium invasion 
mechanism. PhD thesis, North Carolina State University–
Raleigh. 60 p. Page 4561 in volume 35/09-B of Dissertation 
Abstracts International. *
Address: North Carolina State Univ.–Raleigh.

1868. International Institute of Tropical Agriculture. 1974. 
Annual report 1972-73. Ibadan, Nigeria. 48 p.
• Summary: Soybeans are discussed under “Grain legume 
improvement program” (p. 15-18), and soil erosion (31-34).
 Page 15: “Soybean Improvement: In spite of higher 
protein content, higher yields and less problems from 
diseases and insects than other grain legumes the soybean 
has yet to establish its place among the staple foods of West 
Africa. Cooking time required and taste preferences are basic 
blocks to soybean acceptance. Research at IITA indicates 
that the soybean has a place in the food production programs 
of’ the lowland humid tropics. Soybean work during 1972 
obtained yields ranging from 2,000 to 3,000 kg per hectare. 
These yields came from varieties with familiar names such as 
Improved Pelican, Chung Hsing, and Bossier. A well known 
soybean variety, Kent, is used as a standard of comparison 
because of its relatively high yield and early maturity.”
 Table 10 (p. 17) gives soybean yields in kg/ha in 
uniform trials in Ghana and Nigeria 1972-73. Address: 
Ibadan, Nigeria.

1869. Jordan, D.C.; Allen, O.N. 1974. Genus I. Rhizobium. 
In: R.E. Buchanan and N.E. Gibbons, eds. 1974. Bergey’s 
Manual of Determinative Bacteriology, 8th ed. The Williams 
& Wilkins Co., Baltimore, Maryland. xxvi + 1246 p. See 
p. 262-64. Illust. 26 cm. With contributions from 128 
colleagues.
• Summary: This section includes the nitrogen-fi xing 
bacteria that cause nodule formation on species of the genus 
Glycine, such as soybeans (see p. 264).
 “japonicum” from Middle Latin is an adjective meaning 
“of Japan”.
 Reference strain: ATCC [American Type Culture 
Collection] 10324. Address: 1. PhD, Microbiology Dep., 
Univ. of Guelph, Guelph, Ontario, Canada; 2. PhD, 4142 
Hiawatha Dr., Madison, WI 53711.

1870. Leng, Earl R. 1974. Development & food utilization of 
soybeans: Summary report of activities and fi ndings. Urbana-
Champaign: University of Illinois, College of Agriculture. 
151 p. Contract No. AID/csd-3292. July 1, 1971–March 31, 
1973. [4 ref]
• Summary: Contents: Summary of program and activities. 
Agronomy: Trial locations and cooperating agencies. 
Variety trials, inoculum trials, general results from trials at 
overseas locations, computerized soybean germ plasm data 
bank, studies on soybean diseases, agronomy trial results 
by country (Costa Rica, Colombia, Ecuador, Brazil, Sierra 
Leone, Nigeria, Pakistan, India, Thailand, Indonesia).
 Entomology: Soybean Insect Research and Information 
Center, International Synoptic Collection of Soybean 
Arthropods.
 Food utilization: Basic principles and processes, 
prototype foods. Demonstrations of the process and 
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prototype foods.
 Appendices: I. Summary: Highlights of University 
of Illinois soybean research in India. II. Summary: 
Development of a dry, stable dal for India and other 
countries. III. Using soybeans as a human food: Basic 
home preparation of cooked soybeans. Home preparation of 
roasted soybeans. Manufacture of whole-soybean powder 
by roller (drum) drying. Manufacture of soybean-corn (1:1) 
powder by roller drying. Manufacture of soybean-rice (1:1) 
powder by roller drying. Manufacture of soybean-banana 
(1:1) powder by roller drying.
 Note 1. The fi le folder in which this contract report 
appears states that Leng was the author; however his name 
does not appear on the document. No publication date is 
given on the document. We have assigned the date 1974 
based on the contract dates; it could have been 1973.
 Note 2. This report was the predecessor of the fi rst 
INTSOY ISVEX report which was published at the 
University of Illinois in Oct. 1975. Its full title: International 
soybean variety experiment: First report of results, by D.K. 
Whigham.
 Source: University of Illinois at Urbana-Champaign 
(UIUC) archives. 8/1/44 Agriculture, Dean’s Offi ce, Box 
4, Leng. Address: Agronomist, Univ. of Illinois, Urbana-
Champaign, Illinois.

1871. Quispel, Anton. ed. 1974. The biology of nitrogen 
fi xation. Amsterdam: North-Holland Pub. Co.; New York: 
American Elsevier Pub. Co. x + 769 p. Illust. Index, 25 cm. 
Series: Frontiers of Biology, No. 33. [200+* ref. Eng]
• Summary: In the index, soy is mentioned on pages 270, 
303-04, and 317-19. Chapter 9 by J. Vincent is titled “Root-
nodule symbioses with Rhizobium” (p. 265-341; 396 refs).
 References are at the end of each chapter. Address: 
Botanical Lab., Leiden Univ., Leyden, The Netherlands.

1872. Rubes, L. 1974. Vliv dusiku a molybdenu na tvrobu 
hlizek soji (Glycine max L. Merr.). [The effect of nitrogen 
and molybdenum on nodule formation in soybeans (Glycine 
max L. Merr.)]. Rostlinna Vyroba (Prague, Czech Republic) 
20(1/2):31-42. [12 ref. Cze; eng]
• Summary: “In a pot trial with topsoil to which gradually 
increased nitrogen rates (from 50 to 400 ppm) were applied, 
the highest yield of soya seeds was obtained in the variant 
with 50 ppm N. This yield was obtained after a slight initial 
inhibition of nodulation and subsequent nodule formation 
which exceeded the average for the set in the course of 
further vegetation. The highest straw yield was obtained at 
300-400 ppm N when nodulation was apparently inhibited 
from the beginning to the end of vegetation. The formation 
of nodules started later in soya than in pea; the fi rst nodules 
were formed on the main root and later on the lateral rootlets. 
The inhibitory effect of lower N rates (up to 200 ppm) 
lasted only until fl owering; the inhibitory effect of higher 

rates (over 200 ppm) was observed also in the other half 
of vegetation. The values of nodule volume and dry matter 
were higher in soya than in pea and bean. The response of 
the course of nodulation to increasing nitrogen rates in soya 
is similar to that of pea, rather than to that of bean. The 
addition of molybdenum increased the number, volume and 
dry matter of nodules in the period of intensive growth up 
to the stage of green ripeness.” Address: Research Inst. of 
Technical Crops and Legumes, Sumperk–Te-menice [Czech 
Republic].

1873. Ruschel, Alaides Puppin; Ruschel, R.; Almeida, 
D.L.; Suhet, A.R. 1974. Infl uancia do nitrogenio mineral 
e organico na fi xacao simbiotica de nitrogenio em soja 
[Infl uence of mineral and organic nitrogen on symbiotic 
nitrogen fi xation of nitrogen by soybean]. Pesquisa 
Agropecuaria Brasileira, Serie Agronomia 9(10):125-29. [21 
ref. Por; eng]
• Summary: “Abstract: In a greenhouse experiment the 
effects of Rhizobium inoculation and nitrogen fertilization 
(Sodium nitrate, amonium sulphate, amonium nitrate, and 
urea) were studied for two soybean varieties (IAC 70-25 
and Mineira). Nodulation, nitrogenase activity by acetylene 
reduction, amount of nitrogen in plants, and weight of plants 
were observed.
 “The inoculated plants grown in soil free of nitrogen 
added did not develop too much, and were comparable 
in weight with that ones not inoculated; however, they 
presented the greatest number and weight of nodules, and 
nitrogenase activity when the mass of nodules was taken into 
account.
 “Among treatments which received different sources 
of nitrogen, the nodulation was heavier in presence of urea 
and consequently the nitrogenase activity was bigger in that 
particular treatment. Plants from ammonium nitrate and 
urea treatments presented higher, however not signifi cant, 
ethylene evolution and total nitrogen in plants, suggesting 
a synergetic effect between the nitrogen taken from the 
soil and the nitrogen fi xed from the atmosphere by the 
Rhizobium.” Address: Instituto Pesquisas Agropecuarias do 
Centro-Sul [IPEACS], KM 47, Rio de Janeiro, GB, ZC-26, 
Brazil.

1874. Sabel’nikova, V.I.; Voloskova, M.M.; Zhizhina, 
A.S.; Potyaka, G.P.; Terskaya, I.A. 1974. [Effectiveness 
of Rhizobium japonicum in soils of Moldavia]. In: 1974. 
Aktual’nye problemy sel’skokhozyaistvennoi mikrobiologii. 
Leningrad, USSR. See p. 36-40. [Rus]*

1875. Schroder, Vincent N.; Hinson, Kuell. 1974. Soil 
nitrogen from soybeans (Glycine max (L.) Merr.). Soil and 
Crop Science Society of Florida Proceedings 34:101-03. [4 
ref]
• Summary: Nodulating and non-nodulating soybeans were 
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grown in rotation with winter rye and in mixtures with rye 
to study the contribution of the legumes to soil nitrogen. The 
results of these experiments support the thesis that the roots 
of nodulating soybeans leave signifi cant amounts of N in the 
soil. Address: 1. Assoc. Prof. of Agronomy, Univ. of Florida, 
Gainesville, FL.

1876. Kang, B.T. 1975. Effects of inoculation and nitrogen 
fertilizer on soybean in western Nigeria. Experimental 
Agriculture (England) 11(1):23-31. Jan. [11 ref]
• Summary: “The effect of inoculation and added nitrogen 
fertilizer on soybean variety TK-5 were studied in pot and 
fi eld experiments. In the former bean yields with IARI and 
CB 1809 inoculants were better than Nitragin-S. In the fi eld 
experiment, inoculation alone was inadequate to supply the 
nitrogen need of the crop, 30 kg. nitrogen/ha. being needed 
with inoculation, and 60 kg. nitrogen/ha. without inoculation, 
for maximum yield. Higher nitrogen application, combined 
with inoculation, increased dry matter, nitrogen-uptake, 
bean yield, pod number, bean weight and nitrogen content of 
seed. Oil content of the seeds decreased with inoculation and 
nitrogen application.” Address: International Inst. of Tropical 
Agriculture, Ibadan, Nigeria.

1877. Wilson, D.O. 1975. Nitrogen fi xation by soybeans 
as infl uenced by inoculum placement: greenhouse studies. 
Agronomy Journal 67(1):76-78. Jan/Feb. [8 ref]
• Summary: Inoculation depth below the soil surface 
strongly infl uenced the pattern of nodule development. At 
higher greenhouse temperatures (37-41ºC daily maxima), 
deeper placement of the inoculum had a negative effect on 
N fi xation. The need for fi eld tests was recognized. Address: 
Asst. Prof. of Agronomy, Georgia Agric. Exp. Station, 
Experiment, GA 30212.

1878. Saono, Susono; Karsono, Herry; Abdulkadir, S. 
1975. Notes on the nodulation of some edible legumes of 
Indonesia. Annales Bogorienses 6(1):27-37. Feb. [19 ref. 
Eng; ind]
• Summary: Of 13 species, all nodulated, but only a few 
of the nodules were pinkish white or pink. Isolation of the 
microsymbionts from the pinkish white and pink nodules 
of 10 species was carried out. “About 56.3% of the isolates, 
which totaled 87 strains, are ‘slow-growing’ strains while the 
other 43.7% are ‘fast growing’ ones.”
 Note: Soybeans are (surprisingly) not mentioned in 
this article, even though they are a leading edible legume of 
Indonesia. Address: Treub Laboratory, National Biological 
Institute, Indonesian Inst. of Sciences, Bogor.

1879. Abu-Shakra, S. 1975. Soil fertility and inoculation 
in soybean production. INTSOY Series No. 6. p. 48-54. 
D.K. Whigham, ed. Soybean Production, Protection, and 
Utilization: Proceedings of a Conference for Scientists of 

Africa, the Middle East, and South Asia (College of Agric., 
Univ. of Illinois at Urbana-Champaign). [37 ref]
• Summary: Contents: Introduction. Inoculation. Nodulation 
and fertilization. Phosphorus and potassium. Other nutrients. 
General view of nutrient uptake.
 Discusses: The importance of inoculation of soybeans 
with Rhizobium japonicum where the crop has not been 
previously grown. A method for calculating the nitrogen, 
phosphorus, and potassium requirements of soybeans. 
Increasing the nitrogen fertilizer rate generally decreases 
nodulation. Address: Chairman, Dep. of Crop Production and 
Protection, American Univ. of Beirut, Lebanon.

1880. Camerman, A. 1975. Soybeans in Rwanda. INTSOY 
Series No. 6. p. 233. D.K. Whigham, ed. Soybean 
Production, Protection, and Utilization: Proceedings of a 
Conference for Scientists of Africa, the Middle East, and 
South Asia (College of Agric., Univ. of Illinois at Urbana-
Champaign).
• Summary: “Soybeans were introduced into Rwanda by 
INEAC [Institut National pour l’Étude Agronomique du 
Congo Belge] in the 1920s. Farmers started showing interest 
in soybeans in 1960. In 1969 production amounted to 550 
ha and in 1973 there were 1,640 ha. The main reasons for 
such interest are: 1. Intensive extension work by the nutrition 
centers scattered around the country. These centers have 
demonstrated how to cultivate and how to prepare soybeans 
in the form of milk, cheese, fl our. 2. Soybeans are more 
resistant to diseases than beans (Phaseolus vulgaris), which 
are a basic staple of Rwandans. 3. Soybeans are ecologically 
plastic (fl exible).
 “The most widespread variety is Palmetto from 
Colombia.”
 Inoculated soybeans at the Rubana station give yields 
of 1,800–2,000 kg/ha, and on peasant farms 1,400 kg/ha. 
ISAR has shown that inoculation is very important, being the 
equivalent to the application of fertilizer containing 50–100 
kg of nitrogen per hectare.
 “The government of Rwanda envisages building, by 
1976, a polyvalent oil mill based mainly on peanuts and 
soybeans. As soon as the mill is completed, 5,000 ha could 
be put under soybeans.
 “Starting in 1975, ISAR hopes to cooperate with the 
International Soybean Program (INTSOY) in order to 
introduce new high-yielding varieties as soon as possible.” 
Address: Head, Botany Section, Inst. des Sciences 
Agronomiques du Rwanda (ISAR), Rubana, BP 167, Butare, 
Rwanda.

1881. Goldstein, Jerome. 1975. The cheapest nitrogen is the 
best: Natural nitrogen sources are fi nally being recognized 
as cheapest, safest–and healthiest by scientists as well as 
growers. Organic Gardening and Farming. March. p. 57-59.
• Summary: In 1955 J.I. Rodale was asked during a speech 
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in Iowa: What difference does it make whether a plant gets 
its nitrogen from a chemical fertilizer or from a legume, 
animal manure, or sludge? He loved that kind of question 
and promptly replied that it was basically the same as the 
difference between feeding pure nitrogen to people in the pill 
form as compared to giving it to them in scrambled eggs or 
peas.
 Nitrogen is essential for the growth of plants. “Yet an 
excessive supply of it will not only retard the growth period 
but will reduce the plant’s resistance to disease, and produce 
crops of an inferior quality, often with poor keeping and 
shipping abilities. It waterlogs the plant, causing an over-
succulency. This is where the organic method is superior... 
It is a known fact that organic matter decays slowly, thereby 
not releasing the nitrogen too quickly. The organic matter 
thus is a valuable storehouse of nitrogen, maintaining an 
automatic supply for the entire growing season. But with 
chemical fertilizers, a too-enthusiastic hand can sometimes 
give the soil an oversupply–which will lead to all the 
troubles described above.”

1882. Herath, H.M.E. 1975. Soybean cultivation in Sri 
Lanka: A progress report. INTSOY Series No. 6. p. 239-51. 
D.K. Whigham, ed. Soybean Production, Protection, and 
Utilization: Proceedings of a Conference for Scientists of 
Africa, the Middle East, and South Asia (College of Agric., 
Univ. of Illinois at Urbana-Champaign).
• Summary: “Soybean was fi rst introduced to Sri Lanka in 
1947. Various trials were carried out in the dry zone and hill 
country but, because soybean was unable to compete with 
other pulses, little attention was given to it...
 “Failure of attempts to grow soybeans in the past has led 
to a general belief that they cannot be grown in Sri Lanka in 
suffi cient quantities for commercial exploitation. In 1973, 
however, with the introduction of the fi rst International 
Soybean Program (INTSOY) kits to Sri Lanka, it has been 
found that soybean does very well in most locations, and 
research since then has shown that there is a possibility of 
intercropping certain plantations with soybean...
 “Soybean is mainly consumed in Sri Lanka as a 
substitute for lentils. There is also an increasing demand 
for soy fl our used in a mixture with rice and wheat fl our. 
Pilot projects for the production of soy milk, soy oil and 
blending of cowmilk for spray-drying have been initiated. 
Since there is a severe shortage of animal feed, soybean and 
its by-products are being increasingly used in the livestock 
industry.
 “The acreage under soybean is increasing annually, from 
a few acres in 1971 to nearly 5,000 acres in 1974.”
 Detailed information on soybean production research is 
given, including yields for many varieties tested, nutritional 
composition of varieties, nodulation data, effect of spacing 
on yield, effects of pesticides on nodulation, and effect of 
storage at various temperatures and times on germination of 

different varieties. 
 A map of Sri Lanka shows the “General agro-climatic 
zones of Sri Lanka and International Soybean Program 
(INTSOY) locations for 1974.” Colombo and CARI are both 
in the West Zone in the southwest of the country. Address: 
Central Agricultural Research Inst., Peradeniya, Sri Lanka.

1883. Logsdon, Gene. 1975. Grow your own nitrogen 
factory. Organic Gardening and Farming. March. p. 54-56.
• Summary: Editor’s introduction: “The ease with which 
legume inoculants can put more natural nitrogen into the soil 
is bringing such traditional soil aids out of relative obscurity 
in these days of high fertilizer costs. For organic growers, the 
benefi ts are doubly attractive.”
 “Rhizobia is the family of bacteria which performs the 
all-essential service of making nitrogen available to plants. 
In partnership with legumes, certain strains of these bacteria 
have a proven capacity of manufacturing up to nearly 200 
pounds of available nitrogen per acre per year. In these 
days of infl ated fertilizer prices, thar’s gold in them thar’ 
rhizobia!”
 A list of manufacturers of legume inoculants is given:
 “1. Agricultural Laboratories, Inc. (Legume-Aid) 1145 
Chesapeake Ave. Columbus, Ohio 43212.
 “2. Kal Laboratories, Inc. 10236 Bunker Ridge Rd. 
Kansas City, Missouri 64137.
 “3. Nitragin Co., Inc. 3101 W. Custer Ave. Milwaukee, 
Wisconsin 53209.
 “4. Research Seeds, Inc. 310 S. Third St. St. Joseph, 
Missouri 64501.
 “5. Rudy-Patrick Co. P.O. Box 404 Princeton, Illinois 
61356.
 “6. Scarlett & Co., 632 President St. Baltimore, 
Maryland 21202.
 “7. Urbana Laboratories P.O. Box 399 Urbana, Illinois 
61801.
 A large photo shows root nodules on a leguminous plant. 
Rhizobia are a form of soil bacteria capable of forming these 
symbiotic nodules. The rhizobia live inside the nodules. The 
bacteria transform nitrogen drawn from the atmosphere by 
the legume into a form the legume and other plants nearby 
can use as fertilizer. The larger the rhizobia population, the 
larger and more numerous the nodules.

1884. Pankhurst, C.E.; Sprent, Janet I. 1975. Surface features 
of soybean root nodules. Protoplasma 85(1):85-98. March. 
[23 ref]
• Summary: Ridges on the surface of functioning soybean 
root nodules were identifi ed as lenticels that permit the free 
movement of gasses into and out of the nodule. In water 
stressed nodules the lenticel tissue collapses. In waterlogged 
conditions, the lenticel tissues produce large masses of 
loosely packed cells. Some highly detailed scanning electron 
micrographs are included with this article. Address: Dep. of 
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Biological Sciences, Univ. of Dundee, Scotland.

1885. Rachie, K.O.; Plarre, W.K.F. 1975. Breeding 
methodology for tropical soybeans. INTSOY Series No. 6. p. 
29-47. D.K. Whigham, ed. Soybean Production, Protection, 
and Utilization: Proceedings of a Conference for Scientists of 
Africa, the Middle East, and South Asia (College of Agric., 
Univ. of Illinois at Urbana-Champaign). [11 ref]
• Summary: Contents: Opting for improvement. Climatic 
considerations. Problems in breeding methodology: 
Improving agronomic characters, improving seed quality, 
effi ciency of nitrogen fi xation, economic factors. Adapted 
methodology: Varietal improvement, seed multiplication, 
land preparation, planting and inoculation, weed and 
pest control, fi eld plot technique, harvesting-threshing-
storage, fi eld evaluation, equipment requirements, supplies. 
Conclusion and summary.
 The authors note that soybeans are already well 
established in the tropics at intermediate elevations and 
in the subtropics. They hasted to add, however, that it is 
questionable whether soybeans can be established in the 
low latitude, low elevation tropics and suggest that success 
depends upon favorable conditions and good management. 
Address: 1. Asst. Director and Grain Legume Improvement 
Program Leader, IITA, Ibadan, Nigeria.

1886. van Straten, J.; Schmidt, E.L. 1975. Action of water in 
depressing acetylene reduction by detached nodules. Applied 
Microbiology 29(3):432-34. March. [6 ref]
• Summary: A water layer had no effect on intact soybean 
nodules so long as the nodule surface was undamaged. It was 
proposed that acetylene reduction assays should be carried 
out with nodulated roots to avoid adverse effects from 
washing detached nodules.
 “It has been observed that the acetylene reducing 
activity of detached legume root nodules is adversely 
affected when the nodules are in contact with water during 
assay. Sprent (3) reported that immersion of soybean nodules 
in water inhibited acetylene reduction, and that the effect 
could be eliminated by shaking the wet nodules in the 
presence of 0.8 atm of oxygen. She concluded that the water 
reduced the oxygen supply to the nodules, thereby inhibiting 
acetylene reduction.” Address: Dep. of Soil Science, Univ. of 
Minnesota, St. Paul, MN 55101.

1887. Pankhurst, C.E.; Sprent, Janet I. 1975. Effects of 
water stress on the respiratory and nitrogen-fi xing activity of 
soybean root nodules. J. of Experimental Botany 26(2):287-
304. April 1. [39 ref]
• Summary: Moderately stressed nodules lost 75% of the 
nitrogenase activity and 50% of their respiratory activity. 
Severe stress caused almost total loss of N2 fi xing activity 
and up to 80% loss of respiratory activity. Data indicating 
that water stress decreases the apparent diffusion of O2 into 

nodules are presented, and the possible role of a diffusion 
barrier is discussed. Address: Dep. of Biological Sciences, 
Univ. of Dundee, Dundee, Scotland.

1888. Ching, Te May; Hedtke, S.; Russell, S.A.; Evans, 
H.J. 1975. Energy state and dinitrogen fi xation in soybean 
nodules of dark-grown plants. Plant Physiology 55(4):796-
98. April. [18 ref]
• Summary: Dark treatment for 1 day reduced ATP by 70%, 
sucrose by 60% and nitrogenase activity by 50% in the 
nodules of 25-day-old greenhouse plants. It was concluded 
that the limitation of photosynthetic activity reduces the 
supply of sucrose to the nodules, leading to decreased 
phosphorylation of ADP and less synthesis of nucleotides. 
Pools of ATP and total adenosine were both thus decreased 
in the dark. Address: Deps. of Crop Science, and Botany and 
Plant Pathology, Oregon State Univ., Corvallis OR 97331.

1889. Tu, J.C. 1975. Rhizobial root nodules of soybean as 
revealed by scanning and transmission electron microscopy. 
Phytopathology 65(4):447-54. April. [13 ref]
• Summary: In the early stage, each bacteroid was enclosed 
in a membrane envelope; in the intermediate stage of 
nodulation, several bacteroids were enclosed in a single 
envelope; in the advanced stage, the membrane envelope was 
lacking, and the host cellular membrane had deteriorated. All 
stages were present simultaneously in all nodules observed. 
It was suggested that the effi ciency of a root nodule in 
N fi xation is related to the total surface area of envelope 
membranes, and that bacteroids in the advanced stage might 
lack N-fi xing ability. Infection threads were repeatedly 
observed in the bacteroidal cells in the intermediate stage. 
Address: Biological Sciences Electron Microscope Lab., 
Faculty of Science, Univ. of Alberta, Edmonton, Alberta, 
Canada T6G 2E9.

1890. Agronomie Tropicale (France). 1975. Documentation: 
Travaux conduits sur le soja en Afrique au sud du Sahara–
Liste bibliographique [Documentation: Bibliography of 
work/research conducted on soya in Africa south of the 
Sahara]. 30(2):187-91. April/June. [177 ref. Fre]
• Summary: This is a superb bibliography focusing on 
French soybean research in Africa. The citations are arranged 
in two parts under the following headings: Part I: General 
bibliography: Africa (7 references). West Africa (2): Cote 
d’Ivoire (Ivory Coast; 1), Ghana (6), Upper Volta (3), 
Nigeria (11). Central Africa: [Belgian] Congo (5; Note: The 
Congo Republic, a former French overseas territory, is not 
mentioned). East Africa (6): Ethiopia (1), Kenya (5), Uganda 
(9), Tanzania (12). Southern Africa: Malawi (2), Republic of 
South Africa (4), Rhodesia (6), Zambia (2).
 Part II: The work of IRAT. Cameroon (14), Comoros 
(2), Cote d’Ivoire (10), Ethiopia (1), Madagascar (special 
reports–21, annual reports–14), Mali (2), Central African 
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Republic (1), Senegal (16), central services (14).

1891. Agronomie Tropicale (France). 1975. Note de synthèse 
sur les connaisances acquisés par l’IRAT sur le soja dans 
divers pays d’Afrique [Summary of knowledge acquired 
by IRAT on the soybean in various African countries]. 
30(2):182-86. April/June. [Fre]
• Summary: This is one of the best publications seen on 
soybeans in French-speaking Africa. IRAT stands for Institut 
de Recherches Agronomiques Tropicales (Tropical Institute 
of Agronomic Research).
 Contents: Introduction. Variety development. Mineral 
nutrition and nitrogen fi xation. Cultural practices. Diseases 
and enemies. Economics of production and perspectives on 
development.
 Starting in 1965 and in the course of the following 
years, soybeans have been introduced by various countries, 
and trials were conducted with the help of IRAT, especially 
in Cameroon, the Ivory Coast (1970-1972), Ethiopia, 
Madagascar (1966-72), Central African Republic [RCA; 
1968-69], and Senegal (1972-74).
 A 4-column table gives: The variety names, the source 
of the germplasm (from the USA, South Africa, Taiwan, and 
China), the maturity group of each variety, and the names 
of the countries in which each variety was tested. Later, the 
yields in the various locations tested are also given.
 Note 1. This document contains the second earliest date 
seen for soybeans in Senegal, or the cultivation of soybeans 
in Senegal (1972). In Senegal, the fi rst soybean trials were 
conducted at Bambey where the rainy season, which is very 
short, forces one to plant soybeans like peanuts, starting with 
the fi rst signifi cant rains. Yields of more than 2,500 kg/ha 
have been obtained, as in 1973.
 Note 2. Immediately following this article is a 
bibliography of research conducted on soya in Africa south 
of the Sahara (177 references), cited separately.

1892. Pearson, Robert W. 1975. Soil acidity and liming in the 
humid tropics. Cornell International Agriculture Bulletin No. 
30. 66 p. June. [156 ref]
• Summary: A review of the available results of liming trials 
to determine information useful in soil management systems 
for tropical areas. Under crop response to lime, there are 
subsections on soybeans, beans, peanuts and forage legumes 
with information on N fi xation effects. Soil properties 
affecting rhizobia are also discussed. Address: Cornell Univ., 
Ithaca, NY.

1893. Ayanaba, A. 1975. Diurnal variation in nitrogenase 
activity in nodulated cowpea and soybean. Tropical Grain 
Legume Bulletin 1(1):7. July
• Summary: Nitrogenase activity was greatest in mid-
morning, reducing considerably after 1000 hours. Acetylene 
reduction by cowpea, but not soybean, increased again 

between 1400 and 1600 hours. No measurements were made 
after 1600. Address: IITA, Ibadan, Nigeria.

1894. Brockwell, J.; Diatloff, A.; Grassia, A.; Robinson, 
A.C. 1975. Use of wild soybean (Glycine ussuriensis Regel 
and Maack) as a test plant in dilution-nodulation frequency 
tests for counting Rhizobium japonicum. Soil Biology and 
Biochemistry 7(4-5):305-311. July. [19 ref]
• Summary: “Summary: In cross-inoculation tests with 
Glycine ussuriensis Regel and Maack and soybean, Glycine 
max (L.) Merrill, it was found that the species were very 
similar symbiotically. This fi nding is consistent with 
cytogenetic evidence that taxonomically G. ussuriensis and 
G. max are one species.” Address: Div. of Plant Industry, 
CSIRO, Canberra, A.C.T. 2601, Australia.

1895. Chatterjee, B.N.; Roquib, M.A. 1975. Soybean in 
multiple and inter-cropping. Indian J. of Genetics & Plant 
Breeding 35(2):264-68. July. [4 ref]
• Summary: In a comparison of pure and mixed cultures 
of maize, rice, soybeans and pigeon peas grown in 
various combinations, the advantages of soybean / maize 
intercropping were most apparent. Address: Faculty of 
Agriculture, Univ. of Kalyani, West Bengal, India.

1896. Ghai, B.S.; Sarihyan, A.; Singh, T.P.; Charaia, P.S. 
1975. Symbiotic behaviour of some cultures of Rhizobium 
japonicum with soybean. Indian J. of Ecology 2(2):151-54. 
July. [6 ref]
• Summary: Nodule weight and effectiveness showed 
high heritability values in 6 cultures tested. Infectivity 
and effectivity characters were positively correlated with 
total nitrogen per plant, a character which showed 87.7% 
heritability. Lower heritability rates for nodule number 
and dry plant weight indicate that selection might be most 
effectively based on nodule weight. Address: Dep. of 
Genetics, Punjab Agricultural Univ., Ludhiana, India.

1897. Singh, Har Kishan. 1975. Inter and multiple cropping 
of fodder and feed crops. Indian J. of Genetics & Plant 
Breeding 35(2):276-81. July. [5 ref]
• Summary: This article begins: “India, though rich in 
bovine wealth, has been facing acute scarcity of milk. The 
present per capita consumption of milk has been estimated 
at 126 ml. per day as against the recommended intake of 284 
ml. According to the National Commission on Agriculture. 
the demand for milk is likely to increase substantially and in 
case this is to be met, we will have to take steps to at least 
double our milk production in the next fi ve years.
 “Recent researches have revealed that the presence of 
succulent feeds, particularly green leguminous forages like 
lucerne [alfalfa], berseem, cowpea are expected to increases 
the palatability of the ration as well as helps digest crude 
fi bre present in the straw. The work done at the National 
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Dairy Research Institute, Karnal” is discussed. The soybean 
is also mentioned as a leguminous forage.
 Page 281: “Economy in Nitrogen: In the present 
day situation when the nitrogenous fertilizers are in very 
much short supply, any attempt to make a saving in their 
consumption will go a long way in easing out the overall 
defi ciency of this scarce commodity. Seen in that light, it is 
encouraging to note that all the four rotations recommended 
include at least one leguminous crop which would fi x the 
nitrogen in the soil and thus reduce its requirement to a 
considerable extent for subsequent crops.” Address: Div. of 
Genetics, Indian Agricultural Research Inst., New Delhi, 
India.

1898. Sistachs, M.; Neyra, M.; Aladro, T.; Leon, J.J. 1975. 
Plant density, fertilization methods and weed control in 
soybeans. Cuban J. of Agricultural Science (Cuba) 9(2):243-
53. July. [19 ref. Eng]
• Summary: Populations between 161,000 and 375,000 
plants/ha and broadcasting or band application of fertilizer 
did not affect plant yields signifi cantly. Best weed control 
was achieved with trifl uralin, which should be applied at 
no more than 0.5 kg/ha lest the number and weight of root 
nodules be reduced. Address: Instituto de Ciencia Animal, 
Apartado 24, San José de las Lajas, La Habana, Cuba.

1899. Banco Central de Nicaragua, Departamento de 
Investgaciones Tecnológicas, División Agrícola. 1975. 
Iníciese en el cultivo de la soya [Beginning soybean 
cultivation]. Managua, Nicaragua: Banco Central de 
Nicaragua. 16 p. Aug. 28 cm. [Spa]
• Summary: Contents: Introduction. What is soya [the 
soybean]? Its potential as a source of protein and oil. The 
cost of soy protein in comparison with other sources. 
Requirements of the crop: Varieties, soils, altitude, climate, 
and water. Techniques of crop management: Time of 
planting, preparation of the soil, distance between plants, 
quantity of seed planted, inoculation of the seed, planting 
machines, control of weeds (and herbicides), fertilization, 
pests and their control, diseases, harvest, storage. Costs of 
production. Rotation with other crops. Address: Managua, 
Nicaragua.

1900. Huang, Chi-Ying; Boyer, J.S.; Vanderhoef, L.N. 
1975. Acetylene reduction (nitrogen fi xation) and metabolic 
activities of soybean having various leaf and nodule water 
potentials. Plant Physiology 56(2):222-27. Aug. [30 ref]
• Summary: No acetylene reduction was detected in fl ooded 
soil or in soil desiccated to a water potential of -19.5 bars. A 
sharp optimum of acetylene reduction was displayed between 
these extremes. The apparatus used permitted measurement 
of metabolic activities of the shoot without exposure of 
the leaves to acetylene. Address: Deps. of Botany and 
Agronomy, Univ. of Illinois, Urbana, IL 61801.

1901. Huang, Chi-Ying; Boyer, J.S.; Vanderhoef, L.N. 1975. 
Limitation of acetylene reduction (nitrogen fi xation) by 
photosynthesis in soybean having low water potentials. Plant 
Physiology 56(2):228-32. Aug. [28 ref]
• Summary: The apparatus used permitted simultaneous 
measurements of acetylene reduction, net photosynthesis, 
and transpiration. The inhibition of acetylene reduction 
caused by low water potentials and their aftereffects could 
be reproduced by depriving shoots of atmospheric CO2 even 
though the soil remained at water potentials which should 
have favored rapid acetylene reduction. The inhibitory effect 
of low water potentials could be partially reversed by high 
CO2 concentrations. It was concluded that the inhibition 
of photosynthesis accounts for nodule acetylene reduction 
inhibition at low water potentials. Address: Deps. of Botany 
and Agronomy, Univ. of Illinois, Urbana, IL 61801.

1902. Hunter, William J.; Elkan, G.H. 1975. Role of pectic 
and cellulolytic enzymes in the invasion of the soybean 
by Rhizobium japonicum. Canadian J. of Microbiology 
21(8):1254-58. Aug. [14 ref]
• Summary: Exposure of soybeans to infective rhizobia 
did not produce increases in pectic or cellulolytic enzyme 
activity, suggesting that these enzymes are not involved in 
invasion. It is diffi cult to rule out such involvement until 
efforts to detect it at the point of infection have been made. 
Address: Dep. of Microbiology, North Carolina State Univ., 
Raleigh, NC 27607.

1903. Johnson, J.W.; Welch, L.F.; Kurtz, L.T. 1975. 
Environmental implications of N fi xation of soybeans. J. of 
Environmental Quality 4(3):303-06. July/Sept. [7 ref]
• Summary: The goal of this study was to measure inorganic 
nitrogen (N) removal from the soil by soybeans grown at 
various nitrogen levels. Nodulating and non-nodulating 
isolines of Clark soybeans were planted in Flanagan silt 
loam soil in 1972 and 1973. Nitrogen fertilizer in the form 
of calcium nitrate was applied at levels of 0, 112, 224, and 
448 kg of nitrogen per hectare; the fertilizer included a small 
amount of a radioactive isotope of nitrogen 15.
 “The study indicates that soybeans are good scavengers 
for inorganic nitrogen in soils... Added fertilizer N (nitrogen) 
has exceeded the N removed by the harvested portion of 
Illinois crops in only 5 years since 1945, all fi ve of these 
occurring after 1965.”
 In other words, in 5 of the last 10 years, farmers were 
taking more nitrogen from the soil in the form of crops 
than they were returning to it in the form of fertilizers plus 
nitrogen fi xed in root nodules. Address: Dep. of Agronomy, 
Univ. of Illinois, Urbana, IL 61801.

1904. Appleby, C.A.; Nicola, N.A.; Hurrell, J.G.R.; Leach, 
S.J. 1975. Characterization and improved separation of 
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soybean leghemoglobins. Biochemistry 14(20):4444-50. Oct. 
[55 ref]
• Summary: “An improved separation procedure is described 
for isolating fi ve leghemoglobin components from the 
nodules of soybean plants.”
 “Two formerly unresolved components of 
leghemoglobin c have indistinguishable circular dichroic, 
electrophoretic, and ligand binding properties, but differ 
in their spin states as judged by their visible spectra, their 
amino acid analyses, and their tryptic maps.” Address: 
1. Div. of Plant Industry, Commonwealth Scientifi c and 
Industrial Research Organization, Canberra, A.C.T., 2601 
Australia; 2-4. Biochemistry Dep., Univ. of Melbourne, 
Parkville, Victoria 3052, Australia.

1905. Olsen, F.J.; Hamilton, G.; Elkins, D.M. 1975. Effect of 
nitrogen on nodulation and yield of soybean. Experimental 
Agriculture 11(4):289-94. Oct. [14 ref]
• Summary: The yield of Bragg soybeans was not increased 
by N fertilizer applied to the surface of the soil at 112 and 
224 kg/ha. The bean yield was reduced when N was applied 
at 448 kg/ha. Nodulation was reduced by N applications on 
a soil with relatively low organic matter content, but had less 
effect on a soil with higher organic matter. Address: Dep. of 
Plant and Soil Science, Southern Illinois Univ., Carbondale, 
IL.

1906. Times of India (The) (Bombay). 1975. IARI men 
produce new bacterial strain. Nov. 21. p. 17.
• Summary: Using genetic engineering, microbiologists 
at the Indian Agricultural Research Institute (IARI) have 
produced a composite strain of Rhizobium bacterium which 
can directly fi x nitrogen from the air in more than one 
species of leguminous plant.
 Dr. G.S. Venkataraman and his colleagues at IARI have 
synthesized the composite strain of Rhizobium which can fi x 
nitrogen in soyabean and clover plants.
 A report of their research in Current Science explains 
that “the composite strain was obtained by transforming the 
DNA from the clover Rhizobium to soyabean rhizobium.”
 They eventually hope to have composite bacterial strains 
that could be used to inoculate a wide range of leguminous 
crops.

1907. Matsumoto, Tetsuo; Yamamoto, Y.; Tanida, M. 1975. 
[Role of root nodules in the nitrogenous nutrition of soybean. 
1: Fluctuation of allantoin and some other plant constituents 
in the growing period]. Nihon Dojo Hiryogaku Zasshi (J. 
of the Science of Soil and Fertilizers / Manure, Japan) 
46(1):471-77. Nov. 25. [16 ref. Jap]
Address: Japan.

1908. Hymowitz, Theodore; Newell, Christine. 1975. A wild 
relative of the soybean: Of the nine currently known species 

of the Glycine genus, the most unusual is G. falcata, a native 
of Australia. Illinois Research (Illinois Agric. Exp. Station, 
Urbana) 17(4):18-19. Fall.
• Summary: Glycine falcata is a wild perennial species 
indigenous to the dry regions of Australia. A map shows 
that its distribution is most widespread in the northern half 
of Australia. It spreads and multiplies by rhizomes bearing 
single-seeded pods that grow underground, and by multi-
seeded above-ground pods like those of the cultivated 
soybean. The seeds of G. falcata are much smaller and more 
rectangular than those of typical cultivated soybeans. Photos 
show: The underground pods and root nodules. A fl owering 
specimen with delicately trifolate leafl ets. The rectangular 
seeds (full size, and close-up with scanning electron 
microscope). Address: 1. Assoc. Prof. of Plant Genetics; 2. 
Research Asst. Both: Univ. of Illinois, Urbana, Illinois.

1909. Puppo, Alain; Rigaud, Jean. 1975. Indole-3-acetic acid 
(IAA) oxidation by leghemoglobin from soybean nodules. 
Physiologia Plantarum 35(3):181-85. Nov. [21 ref]
• Summary: The ferric form of leghemoglobin was found 
to be most active in catabolising IAA. Degradation by the 
ferrous form, as normally found in nodules, was signifi cantly 
lower. This is possibly due to rapid autoxidation of the 
leghemoglobin during the experiments. Address: Lab. de 
Biologie vegetale, Faculte des Sciences, Parc Valrose, 06034 
Nice Cedex, France.

1910. Bhangoo, M.S.; Albritton, D.J. 1975. Response of 
nodulating and non-nodulating soybean isolines to applied 
nitrogen. Arkansas Farm Research 24(6):14. Nov/Dec.
• Summary: “The data show that soybean seed yields and 
vegetative dry matter production may be signifi cantly 
increased by nitrogen fertilizer on poorly drained soils low in 
organic matter with a strongly acid subsoil. Rates of nitrogen 
applied should be within the range where symbiotic fi xation 
is not greatly inhibited and be based on the residual soil 
nitrogen present.” Address: Profs. of Agronomy, Univ. of 
Arkansas, Pine Bluff, Arkansas.

1911. Howell, Robert W. 1975. Golden beans from China 
now our No. 1 cash crop. Yearbook of Agriculture (USDA) p. 
225-36. For the year 1975. [2 ref]
• Summary: This is an excellent historical overview of 
soybeans in America. Contents: Introduction. Travels in 
Manchuria (Dorsett and Morse, U.S. Regional Soybean 
Industrial Products Laboratory, U.S. Regional Soybean 
Lab. at Urbana, O.S. Aamodt of USDA who was Morse’s 
immediate superior, Herbert W. Johnson, Lincoln variety 
released in 1943, Richard Bernard, C.R. Weber, E.E. 
Hartwig). Phytophthora rot (The fi rst major threat to the 
soybean crop, fi rst observed in 1948). China variety saved 
day (Peking variety contained resistance to cyst nematode). 
Living together (nitrogen fi xation, chemical control of 
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weeds, mechanized agriculture). Deodorizers developed 
(deodorized soybean oil, shortening & margarine, food uses 
of soybeans, Sybil Woodruff and Olive Zwerman of Illinois). 
Beans and the world scene (India, INTSOY, NSPA, National 
Soybean Crop Improvement Council).
 “By 1973, soybeans had become our No. 1 cash crop, 
the leading export commodity, the major alternative crop of 
midwestern and southern farmers, the world’s most effective 
producer of protein per acre, and the hope of starving 
millions for a better diet.
 “How was this miracle achieved? It was made possible 
by a combination of fortuitous conditions... a need for oil 
and protein, accentuated by war-time demands and post-war 
population growth... land newly available as production of 
other crops outpaced demand, partly because there were 
fewer draft animals and thus less need for land for feed grain 
production... the ability of soybeans to adapt to a wide range 
of climates and to farming methods already known to corn 
and cotton farmers... and removal of legal restrictions on 
margarine.
 “But there was another element, just as important 
or even more so. First a few and then many more men 
and women of vision, imagination, energy, dedication–
remarkable people and institutions who saw the potential of 
the soybean and worked hard to make that potential a reality.
 “First mentioned by Mease in 1804 in Pennsylvania, the 
soybean (Glycine max (L.) Merr.) increased in importance 
slowly. Few varieties were available by the turn of the 
century, perhaps no more than eight in 1898. Early varieties 
selected in experiment station programs included Haberlandt 
from North Carolina; Dunfi eld, Mandell, and Richland from 
Indiana (Purdue); Scioto from Ohio, Illini and Chief from 
Illinois, Mukden from Iowa, and Arksoy from Arkansas.
 “C.A. Mooers of Tennessee noted in 1908 that the 
fl owering habit of soybeans was infl uenced by the date of 
planting. His observation led to the discovery, 10 years later, 
by W.W. Garner and H.A. Allard of the U.S. Department 
of Agriculture (USDA) that the length of the day controls 
the initiation of fl owering. This phenomenon is called 
‘photoperiodism’ and is now known to affect fl owering in 
many plants and reproductive behavior of some birds.
 “Soybean research in USDA in the early part of the 
20th century was the responsibility of C.V. Piper. But the 
man who deserves the most credit for establishing soybeans 
as a signifi cant crop in the United States was W.J. Morse. 
Morse began his work with USDA in 1907 and soon was 
responsible for soybean research. For more than 40 years, 
until he retired in 1949, he was the guiding light and 
inspiration of soybean researchers in USDA and the States 
alike.
 “He cooperated with all who responded to his invitation, 
and promoted soybean production by direct face-to-face 
contact with farmers. Morse was one of the founders of 
the American Soybean Association and was its president 

three times. He published more than 75 articles about the 
soybean, and in 1923 was co-author with Piper of a book The 
Soybean.
 “Travels in Manchuria: Morse made a plant exploration 
trip to Manchuria, Korea and China with P.H. Dorsett from 
1929 to 1931. Most of the soybean varieties now in use in the 
United States are descended from lines which he collected on 
that trip or which Dorsett had collected on an earlier trip.
 “The potential of the soybean was recognized by many 
people of great vision in the State Agricultural Experiment 
Stations in the early decades of this century. Nearly every 
State had a ‘Mr. Soybean’, some more than one, and the titles 
were well deserved.
 “These experiment station and USDA leaders were 
joined by industry leaders of comparable vision. Firms such 
as A.E. Staley Co., which in 1921 offered a soybean contract 
to farmers with a guaranteed price of $1.3 5 per bushel, 
encouraged farmers to grow soybeans and offered them a 
market.
 “Offi cial coordination of the soybean programs in 
experiment stations and USDA began in 1936. In that year 
the U.S. Regional Soybean Industrial Products Laboratory 
was established at the University of Illinois in Urbana 
under authority of the Bankhead-Jones Act. Utilization 
research was transferred to the Northern Regional Research 
Laboratory in Peoria, Illinois, in 1942.
 “Production research, mainly plant breeding and 
production practices, remained at Urbana as the U.S. 
Regional Soybean Laboratory. A cooperative effort of State 
Agricultural Experiment Stations and USDA, the program 
of the Soybean Laboratory is still defi ned in Memoranda of 
Understanding between USDA and the stations of the North 
Central and the Southern States. USDA has located most of 
its soybean production research staff at State Agricultural 
Experiment Stations.
 “Little or no distinction was made between a ‘Federal’ 
and ‘State’ program in many States. Much of the credit for 
fi xing this cooperative philosophy in soybean research is due 
to O.S. Aamodt, who was Morse’s immediate superior and 
had been head of the Agronomy Department at Wisconsin 
before joining the USDA staff in 1939.
 “Aamodt was dedicated to the importance of cooperative 
USDA-State effort. He counseled new Federal employees at 
great length to this effect. Cooperation became the tradition, 
the norm, in soybean research and has continued so.
 “The most signifi cant expansion of soybean production 
research in both numbers and scope occurred under the 
leadership of Herbert W. Johnson, who was leader of 
soybean investigations from 1953 to 1964, and is now head 
of Agronomy and Plant Genetics, University of Minnesota. 
He emphasized the importance of basic research and 
interdisciplinary studies, and the need to relate research 
to practical problems. Following Aamodt’s counsel, he 
stressed the importance of State-Federal cooperation. The 
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fi rst soybean variety to come from the cooperative USDA-
State program was Lincoln, released in 1943. Actually the 
hybridization from which Lincoln was selected was done by 
C.M. Woodworth of Illinois several years before the Soybean 
laboratory was established. Later came Hawkeye, Ogden, 
Roanoke, Clark, Lee, Amsoy, Corsoy, Beeson, Calland, 
Cutler, Wayne, Pickett, Jackson, Hardee, Williams, and many 
others. Previous varieties had been the result of selection 
from introductions, not hybridization to combine the good 
points of two parents.
 “The variety development program is based on a strong 
foundation of genetic fundamentals. Soybean breeder-
geneticists have, therefore, been able to make major 
contributions to genetic theory.
 “An example is the study of the genetic controls of 
maturity by R.L. Bernard, with USDA at Illinois. Maturity of 
a variety is governed by numerous genes and is infl uenced by 
environmental conditions. Using a ‘back-crossing’ technique 
to produce closely related genotypes which differed by 
a single morphological trait such as leaf shape, Bernard 
discovered that a single gene can condition a difference 
of as much as 23 days in time to fl owering and 18 days to 
maturity.
 “Most breeding effort has been on so-called industrial 
varieties as contrasted with ‘vegetable’ types. But C.R. 
Weber, with USDA at Iowa State, developed Kanrich and 
Kim, and later the large-seeded Disoy, Magna, and Prize, 
varieties intended for vegetable use, as contrasted with 
crushing for oil and protein.
 “In 1961 the Minnesota legislature authorized several 
soybean research positions. This was the fi rst State action 
specifi cally directed toward building a soybean research 
program” (p. 242).
 “A signifi cant private (commercial) soybean breeding 
effort began during the 1960s. Stuart and Hampton varieties 
were developed at Coker Pedigree Seed Co. in South 
Carolina. In 1964 a group of seed producers organized 
Soybean Research Foundation, Inc. to conduct a breeding 
program based at Mason City, Illinois. In 1967 a soybean 
breeding program was initiated by Peterson Seed Co. of 
Waterloo, Iowa, now a division of Pioneer Seed Co.”
 “Enactment of the Plant Variety Protection Act in 1970 
has stimulated more companies to begin breeding soybean 
varieties.” (p. 235).
 Photos show: (1) Geneticist Richard L. Bernard. (2) A 
food plant making spun soy protein fi bers. Address: Head, 
Dep. of Agronomy, Univ. of Illinois.

1912. Saxena, M.C.; Tilak, K.V.B.R. 1975. Response to 
inoculation in soybean and its residual effect on wheat. 
Indian J. of Agronomy 20(4):369-70. Dec. [2 ref]
• Summary: Inoculation of seeds, and fi eld inoculation with 
soil from a fi eld where inoculated soybean had previously 
grown, both produced 73-94% greater yield compared 

to control. Without application of N, the yield of wheat 
following an inoculated soybean crop was more than 65% 
higher than wheat following an uninoculated soybean crop. 
The response was equivalent to about 30 kg/N ha. Address: 
College of Agriculture, G.B. Pant Univ. of Agriculture and 
Technology, Pantnagar-263145, India.

1913. Brockwell, J.; Murray, N.L. 1975. Annotated 
bibliography of Australian work on Rhizobium published 
during 1948-1972. CSIRO Division of Plant Industry 
Technical Paper No. 33. 152 p. [700+* ref]*
• Summary: Approximately 700 entries, with brief 
summaries of work conducted by Australians or by visitors 
working in Australia. Supplements are to be published at 5 
year intervals. Address: CSIRO, Canberra, Australia.

1914. Burton, Joe C. 1975. Rhizobia and increased soybean 
production. In: Proceedings of the Fifth Soybean Seed 
Research Conference, Chicago. See p. 41-51. *
• Summary: A discussion of symbiotic nitrogen fi xation in 
soybean, limitations in the symbionts, and possible ways 
of increasing the effi ciency of the symbiosis. Suggested 
research objectives include: fi nding rhizobia with high 
effi ciency, competitiveness, adaptability to a range of 
conditions, and good nodulating ability even in the presence 
of available nitrogen. Inoculation methods also need further 
improvement, and plant breeders need to know how to 
coordinate the symbiotic system under prevailing conditions. 
Address: Nitragin Co, Milwaukee, Wisconsin.

1915. Gangawane, L.V.; Deshpande, K.B. 1975. Rhizosphere 
bacteria fl ora of soybean as affected by stem borer Boerea 
brevis. Botanique (Nagpur) 6(4):205-08. *

1916. Ham, G.E.; Smith, L.J. 1975. Effect of inoculating 
soybeans with Rhizobium japonicum at Crookston. Soil 
Series, Department of Soil Science, Univ. of Minn 95:37-38. 
*

1917. Jain, M.K.; Rewari, R.B. 1975. On the relationship 
among weight of nodules, their leghaemoglobin and 
bacteroid content, dry weight, and nitrogen content 
of soybean. Zentralblatt fuer Bakteriologie. Series 2 
130(8):732-37. *
• Summary: The relationships were studied at 6 and 8 
weeks of growth. All factors showed positive and signifi cant 
correlations in most varieties. The fresh weight of nodules 
did not bear a signifi cant correlation to plant dry weight, 
indicating the probability that at that stage (6 weeks) 
the growth had been more dependent on soil nitrogen. 
After 6 weeks, the role of symbiotically fi xed N becomes 
progressively more important. Address: IARI, New Delhi, 
India.
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1918. Kapur, O.C.; Gangwar, M.S.; Tilak, K.V.B.R. 
1975. Infl uence of zinc on symbiotic nitrogen fi xation by 
soybean (Glycine max Linn.) in silt loam soil. Indian J. of 
Agricultural Research 9(1):51-56, 1975 *
• Summary: Zinc sulfate at 5 and 10 ppm increased yield and 
N fi xation. Signifi cant increases in leghaemoglobin content 
and number of bacteroids in nodules were also recorded, but 
the amount of nitrogen fi xed declined with the heavier Zinc 
application. Address: G.M. Pant Univ., Pantnagar, India.

1919. Nalbandyan, A.D. 1975. [On the specifi c reaction 
of nodule bacteria to different glucosides]. Biologicheskii 
Zhurnal Armenii (Biological J. of Armenia) 28(1):89-90. [1 
ref. Rus; arm]*
• Summary: A laboratory trial was conducted on the 
utilization of glucosides by Rhizobium by seven leguminous 
plants, including the soybean. Nodule bacteria of all species 
grew well on substrates containing phenol glucosides, 
but those of soybean nodules did not grow on fl avonoid 
glucosides. Address: Institut Mikrobiologii, Erevan, 
Armenian SSR.

1920. Roughley, R.J. 1975. The large scale preparation of 
rhizobium inoculants for soybean. FAO Working Paper No. 
12. FAO-AG. 25 p. *

1921. Sabel’nikova, V.I.; Voloskova, M.M. 1975. [Effect of 
Nitragin and molybdenum on amino acid composition of 
peas and soyabeans]. Izvestiya Akademii Nauk Moldavskoi 
SSR, Biologicheskikh i Khimicheskikh Nauk (Bulletin of 
the Academy of Sciences of the Moldavian SSR, Series on 
Biological and Chemical Sciences) No. 1. p. 35-39. [Rus]*

1922. Scudder, W.T. 1975. Rhizobium inoculation of 
soybeans for sub-tropical and tropical soils. I. Initial fi eld 
trials. Proceedings of the Soil and Crop Science Society of 
Florida 34:79-82. *
• Summary: Effi cient nodulation of soybeans has been 
diffi cult to obtain under high temperature conditions. In 
fi eld trials, soil placement of the inoculum signifi cantly 
increased nodulation and yields and improved plant color. 
Inoculum applied with the seed, either by coating or stirring 
it into the hopper-box, gave unsatisfactory results. Address: 
Horticulture Research Inst., Educational Center, Univ. of 
Florida, Sanford, FL.

1923. Braverman, S.W. 1975. Aseptic culture of soybean and 
peanut embryonic axes to improve phytosanitation of plant 
introductions. Seed Science and Technology 3(3&4):725-29. 
[11 ref. Eng; fre; ger]
• Summary: Soybean and peanut varieties which failed 
preliminary pathogen tests were grown by plating 
embryonic axes on artifi cial media. “Knop” agar was most 
the successful of four brands tried. 75% of the plantlets 

survived; all indexed negatively for viruses and were grown 
to maturity. Address: Div. of Plant Quarantine Services, East 
African Plant Quarantine Station, East African Agricultural 
and Forestry Research Organization, P.O. Box 30148, 
Nairobi, Kenya.

1924. Burns, Richard C.; Hardy, Ralph W.F. 1975. Nitrogen 
fi xation in bacteria and higher plants. New York, NY: 
Springer Verlag. x + 189 p. Illust. Index, 25 cm. Series: 
Molecular Biology, Biochemistry, and Biophysics, No. 21. *
• Summary: Note: Richard Burns was born in 1930. Ralph 
Hardy was born in 1934.

1925. Cerne, Vasili; Sintes Pros, Jorge. 1975. La soja: 
Su cultivo, su exceptional valor nutritivo y sus virtudes 
dieteticas y curativas [The soybean: Its cultivation, its 
exceptional nutritive value, and its dietetic and curative 
virtues]. Barcelona, Spain: Editorial Sintes. 224 p. Illust. 
Series: Biblioteca Naturista. [Spa]
• Summary: Contents: Introduction. 1. Origin and general 
information. 2. Botanical characteristics. 3. Species and 
varieties. 4. The soybean plant’s nitrogen-rich nodules. 
5. Surroundings and soil. 6. Preparation of the terrain. 7. 
Selection. 8. Planting and germination. 9. Cultural care. 
10. Crop rotations using the soybean. 11. Intercropping 
with soybeans. 12. Harvesting the pods. 13. Harvesting 
the soybean as forage. 14. Yields. 15. The red beetle (el 
coleóptero rojo, family Elateridae). 16. Soy oil: Lecithin 
and soy oil extraction using the Hansa-Muehle system. 
17. Soya (la soja), the exceptional food: Soya in human 
nutrition, nutritional composition of the seeds, minerals and 
vitamins in soya, soya in the kitchen, soy sprouts, soymilk, 
soy casein, curds and soy cheese (requesón y queso de soja), 
soy fl our, soy bread, defatted soy fl akes? (copos de soja), 
soy meat (carne de soja), soy sauce. 18. The dietetic and 
therapeutic value of soya: Soya–the vegetable meat, soy 
proteins, soy oil, soy carbohydrates, digestibility, therapeutic 
uses, summary of properties and indications, soya in the 
macrobiotic diet. Appendix: A revolutionary food: The bread 
of Soyuva (3,600 calories, in existence by June 1974).
 “In 1917 soybeans started to be cultivated in Spain 
thanks to the efforts of an architect from Tortosa, don 
Juan Abril Guanyabens, who was sick with diabetes. His 
physician, Dr. Maneget, director of the resort Caldes de 
Malavella (Gerona) had recommended this new food to 
counteract his diabetes. The magazine Consejos para Vivir 
(Advice for Living) stated in its issue no. 106 of March 
1971 that the above-mentioned doctor, in 1918, published an 
article on the spectacular results of this plant and its healthy 
nutritional effects in the Barcelona periodical La Veu de 
Catalunya.”
 “In about the 1930s a Spanish farmer grew soybeans and 
found himself with big diffi culties in selling the harvest, even 
though in other countries it was produced and consumed in 
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huge quantities, due to its high nutritional value, its richness 
of protein, and its ability to enrich the soil with nitrogen. 
Nonetheless, there is no doubt that the cultivation of this 
plant can also provide Spain with substantial economic 
benefi ts.
 “For this reason in 1934 the Ministry of Agriculture, as 
indicated by the engineer from Montes, don Juaquín Martín 
Laplaza, in an interesting work, gave 4 kg of seeds to the 
Division of Hydrology and Forests (División Hidrológica 
Forestal) to that the latter would conduct the appropriate 
tests concerning the cultivation of this plant. This was done, 
and care was taken to vary the locality, type of soil and 
terrain, climate, and irrigation.
 “The locations chosen were: (1) a nursery in the 
mountains of Prades, between the city of Montblanch and the 
town of Rojals (province of Tarragona); (2) the city of Seo de 
Urgell, and (3) in la sierra del Cadí. These test plots were set 
on the outermost edges of the agricultural pastures and near 
the forest areas of high altitude, the very areas most likely to 
be unfavorable for growing soybeans.” But despite this, the 
soybean plants gave good yields of both seeds and forage (p. 
6-8). Address: Spain.

1926. Egli, M. 1975. Le soja; Physiologie appliquée. 
Bibliographie [The soybean: Applied physiology. 
Bibliography]. Paris: IRAT. 145 p. IRAT Document No. B 
367. [379 ref. Fre]*
• Summary: Contains references from 1961 to 1974. IRAT 
stands for Institut de Recherches Agronomiques Tropicales 
(Tropical Institute of Agronomic Research). Address: IRAT, 
France.

1927. Ermolaev, I.; Vatashki, A. 1975. Vliianie na razlichnite 
normi i suotnosheniia na mineralnite torove vurkhu dobiva 
i kachestvoto na zurnoto ot soia, otglezhdana na slabo 
opodzoleni chernozemi [The effect of different norms and 
ratios of mineral fertilizers upon the yield and quality of 
soybean seed cultivated on slightly podzolic chernozem]. 
Rastenievudni Nauki (Plant Science, Bulgaria) 12(3):89-94. 
[13 ref. Bul; rus; eng]
• Summary: “Summary: Field fertilization experiments 
with soybean (for seed production) and wheat were carried 
out during the period 1970-1973 at the ‘Obraztsov Chifl ik’ 
Institute of Cereal and Leguminous Crops near Rousse on 
slightly podzolic chernozem soil. The following conclusions 
are drawn on the basis of these experiments:
 “Yields of over 2,500 kg/ha could be obtained if before 
sowing the soybean seed (var. Merit) is treated with Nitragin 
[nitrogen-fi xing bacteria].
 “The effect of fertilization with phosphorus and with 
phosphorous-potassium fertilizers is unsatisfactory because 
of the high mobility of soil phosphates and good supply of 
assimilable potassium. For the same reason, the effect of 
phosphorous and phosphorous-potassium fertilization upon 

the crop coming after soybean, i.e. wheat, variety Bezostaya 
1, is also unsatisfactory.
 “The various doses and ratios of mineral fertilization do 
not differ essentially as regards their effect upon the quality 
of soybean seed.” Address: The “Obraztsov Chifl ick” Inst. of 
Cereal and Leguminous Crops, Roussé, Bulgaria.

1928. Evans, L.T. ed. 1975. Crop physiology: Some case 
histories. London and New York: Cambridge University 
Press. vii + 374 p. Illust. Index. 24 cm. [213 soy ref]
• Summary: Contents: List of contributors (each chapter is 
by different authors). Foreword. 1. Crops and world food 
supply, crop evolution, and the origins of crop physiology. 2. 
Maize. 3. Sugar cane. 4. Rice. 5. Wheat. 6. Soybean. 7. Pea. 
8. Potato. 9. Sugar beet. 10. Cotton. 11. The physiological 
basis of crop yield.
 The Foreword, by L.T. Evans, begins: “Only nine crops 
are dealt with in this book, yet between them they contribute 
more than two-thirds of the dry weight, half of the protein 
and a quarter of the oil and fat in our diet, and half of the 
fi ber we use. Our dependence on these major crops is by 
no means diminishing...” “In terms of edible dry weight 
more than two-thirds of the world’s nutritional requirements 
of human food is supplied by the cereals. Of the proteins 
supplied, half is contributed by the cereals, as compared 
with less than one-third from animal sources. The rest of the 
proteins for humans is derived largely from pulses.”
 Contents of Chapter 1: Introduction. Crops and the 
world food supply: Alternative sources of food, crop yield. 
Physiological aspects of crop plant evolution: Reduced 
dissemination and increased seed size, crops, weeds and 
adaptability, change in form, changes in composition. A short 
history of crop physiology: Photosynthesis, leaf growth and 
canopy development, translocation, storage, ideal plant type.
 Chapter 6, “Soybean,” by Richard Shibles, I.C. 
Anderson, and A.H. Gibson (Shibles and Anderson are 
from Dep. of Agronomy, Iowa State Univ., Ames, Iowa; 
Gibson is from Div. of Plant Industry, CIRO, Canberra, 
ACT, Australia) has the following contents: Introduction. 
Seedling establishment. Root growth and function: The root 
system, Nodulation and nitrogen fi xation, nodule function. 
Top growth and development: The vegetative structure, 
canopy growth and dry matter accumulation, transpiration. 
Reproductive development: Regulation, fl owering, pod 
and seed development, protein and fat. Yield determining 
processes: Photosynthesis (the leaf, the canopy), respiration 
and photorespiration, translocation (anatomy, assimilate 
distribution), nutrient uptake and nitrogen metabolism, 
stress physiology. Yield: Limits and limitations to yield, 
approaches to yield improvement. Address: Div. of Plant 
Industry, CSIRO, Canberra, ACT, Australia.

1929. Ho, Ping-ti. 1975. The cradle of the East: An enquiry 
into the indigenous origins of techniques and ideas of 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   780

© Copyright Soyinfo Center 2018

Neolithic and early historic China, 5000-1000 B.C. Chicago, 
Illinois: University of Chicago Press; and Hong Kong: 
Chinese University Publications Offi ce. xxi + 440 p. See p. 
76-81, 348. Illust. (some color). Index. 25 cm. [90 ref]
• Summary: In Chapter 2, titled “Field agriculture,” is a 
long discussion (p. 76-81) of legumes and soybeans in 
early China. Both rice and wheat were luxury foods in 
ancient China. Wheat and barley, despite their origins in 
southwestern Asia, were not grown on irrigated fi elds in 
China, but were typically adapted to the northern Sinitic 
system of dry-land farming. This is one key way in which 
ancient Chinese agriculture developed independently from 
that of Mesopotamia [today’s Iraq].
 Another important difference is the conspicuous 
absence in ancient China of protein-rich legumes. No trace 
of legumes has been found in any Neolithic site in North 
China or in the Shang oracle records. Not until Chou times 
did the ancient character for soybean (shu) appear in bronze 
inscriptions and The Book of Odes.
 There is little doubt that the soybean is indigenous 
to China, for many varieties of its wild ancestor (Glycine 
ussuriensis Regel et Maack) exist in China to this day 
(Skvortzow 1927; Hermann 1962). Wild soybeans typically 
grow in wet lowlands and along the edges of rivers and lakes 
together with reeds. Two Chinese botanists (Sun and Keng 
1959), during extensive fi eld investigations, have found that 
wild soybean varieties are found in many parts of China, 
including the loess highlands, but they are concentrated 
mostly in the eastern provinces north of the Yangtze [such 
as Kiangsu, north of Shanghai]. Modern experiments have 
shown that soybean requires three times as much water 
as Setaria italica millet to produce the same amount of 
solid matter (excluding root), and that its “effi ciency of 
transpiration” is the lowest among common food plants. 
We now know that the soybean can adapt itself only to a 
relatively narrow range of environmental conditions and 
usually requires a long growing season with a plentiful water 
supply. Thus, the natural environment of the loess highlands 
does not seem to have been favorable to this plant, at least 
not before suitable strains were developed by men.
 The absence of Leguminosae in the pollen profi les 
collected from Wu-ch’eng and Li-shih in Shansi and from 
the Yang-shao site at Pan-p’o near Sian, though signifi cant, 
may not be conclusive evidence that wild soybeans did not 
exist in the loess highlands in prehistoric times. However, 
pollen profi les collected near Peking, whether of the middle 
and late Pleistocene or of late prehistoric and early historic 
times, invariably contain Leguminosae.
 Since soybeans were domesticated in early historic 
times, Chou literary works are extremely valuable in 
enabling us to pin down quite precisely the area where they 
were fi rst domesticated. The I Chou-shu (Lost History of 
Chou), a late-Chou compilation, which was not rediscovered 
until A.D. 281, along with the Bamboo Annals, contains a 

chapter describing the tributes brought to the Chou royal 
court by various peoples shortly before the Chou conquest of 
Shang. It mentions the Shan-Jung (Mountain Jung), a proto-
Tungusic people who by the eighth and seventh centuries 
B.C. at the latest had expanded toward northeastern Hopei, 
offered Jung-shu (literally “the beans of the Jung,” but 
actually soybeans) as their special tribute (Ssu-pu pei-yao 
edition, chap. 7, p. 10b). In some songs and odes in The 
Book of Odes, soybeans are referred to as either shu or jen-
shu; and Han classical commentators were certainly right in 
interpreting jen and a phonetic variation of Jung, the name 
of the tribe mentioned above. The special importance of the I 
Chou-shu account is its precision in locating the geographic 
and ethnic origin of the domesticated soybean. Moreover, 
this account is well confi rmed by other, independent late-
Chou works. The Kuo-yü (Discourses of the Feudal States, 
SPPY ed., chap. 5, p. 11b) contains a saying of Confucius 
that, in effect, shortly after the Chou conquest of Shang, 
various peoples including the Su-shen, also a proto-Tungusic 
people and a northern neighbor of the Mountain Jung, came 
to the court of the Chou king to pay tribute. The Kuan-tzu 
(SPPY ed., Chapter 10, p. 4a) an eclectic work of political 
and economic philosophy attributed to the statesman Kuan 
Chung of the Ch’i state in Shantung in the 7th century B.C., 
contains valuable Chou records, although its compilation 
was not completed until Han times. It states that Lord 
Huan of Ch’i led an army to punish the Mountain Jung and 
brought back “winter onions and soybeans Jung-shu for 
dissemination throughout the various states. By consulting 
other late-Chou works we can determine that this event took 
place in 664 B.C. The Ku-liang commentaries on the Ch’un-
ch’iu (Spring and Autumn Annals) contain an entry for the 
year 663 B.C., in which the lord of Ch’i sent some newly 
acquired soybeans to the lord of Lu as a personal present 
(cited in C.N. Li 1958, p. 33).
 These additional accounts are valuable in showing 
that, although soybeans were known to the Chou royal 
court shortly before 1000 B.C., they did not become 
widely disseminated in North China until after 664 B.C. 
These facts also explain why, in various works of the 3rd 
and 4th centuries B.C., soybeans and millet were almost 
unanimously regarded as China’s two most important food 
crops.
 These remarkable Chou records show with fair certainty 
that the plains of Manchuria must have been the area of 
greatest concentration of wild soybean varieties. The area 
inhabited by the Mountain Jung was hilly and on the fringe 
of the area of concentration. It seems likely that because 
the land of the Mountain Jung was not ideal for the natural 
propagation of the wild soybean that the people had to resort 
to domestication, in which they apparently succeeded after 
long trial and error. Despite the association of the Mountain 
Jung with soybeans in Chou works, one cannot rule out 
the possibility that soybeans may have been domesticated 
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by other proto-Tungusic tribes in the Manchurian plains 
centuries before the Chou conquest of Shang. “In any case, 
that the soybean was an important contribution to Sinitic 
agriculture made by proto-Tungusic peoples is beyond 
doubt.”
 Once soybeans were known to the Chou people, 
the unusual nitrogen-bearing nodules on the roots were 
apparently carefully observed by peasants and those learned 
men who enlarged the Chinese vocabulary. Whereas the 
characters for other cereal plants emphasize the stem 
and leaves, the new character for shu emphasized the 
root nodules. The elongated dots at the lower left of each 
character pictographically represent the root’s bulging 
nodules caused by rhizobium bacteria. A photo shows four 
such characters (from Hu 1963, p. 111-15) and the names of 
the four bronze vessels (typeset) on which they appear. 
 “The effect of the domestication and dissemination of 
the soybean on Chinese agriculture and on the nutrition of 
the ancient Chinese cannot be exaggerated. At long last, the 
Chou dynasty had found a food plant that, instead of causing 
soil exhaustion, actually helped to preserve and enhance 
the fertility of the soil.” Address: History Dep., Univ. of 
Chicago, Chicago, Illinois 60637.

1930. International Institute of Tropical Agriculture. 1975. 
Annual report 1974. Ibadan, Nigeria. 199 p. No index.
• Summary: On page 5 is the impressive Board of Trustees, 
15 men, mostly PhDs, from Africa and abroad. Soybeans are 
discussed on pages 10-11, 18-19, 78-81 (Soybean breeding), 
91, 111-14, 120-21.
 A bibliography appears on pages 195-199. Address: 
Ibadan, Nigeria.

1931. INTSOY. 1975. Proposal for soybean processing and 
development of village-based utilization: Sri Lanka. Urbana, 
Illinois: International Soybean Program. 32 p. 28 cm. 
Typewritten.
• Summary: “Project title: Development and demonstration 
of soybean foods for village and commercial uses.”
 “Project No.: This is an ancillary project of contract No. 
UNDP / SRL / 73 / 007-1 / AGOF covering several levels of 
product and process technology for the development and use 
of soybean food products. Funding of this project will cover 
equipment for a pilot plant, for rural extension processing 
and for training grants. A total of U.S. $454,000 is requested 
for this project. This will include all items of equipment for 
the fi rst phase of operation and support for extension of the 
technology to the village level. It is proposed that UNICEF 
will contribute U.S. $227,000 and that CARE will contribute 
U.S. $227,000.”
 Contents: Part I–Background. A: Background of the 
project. The problem. Description of government’s efforts to 
solve the problem and the proposal: Village level processing 
(weaning foods and meat substitutes, soy beverages, soy 

dhal), intermediate level technology, commercial type soy 
foods (full-fat soy fl our, soy dhal, soy beverage, infant 
weaning foods), extension of technology to village, legume 
inoculant production. Institutional framework. Assistance 
already received by UNICEF. Justifi cation for assistance.
 B: Objectives of the project. Long range. Immediate. 
Part C: Management of project. Activities and targets. Time 
schedule. Work plan.
 Part II–Commitments of government. Part III–
Commitments of UNICEF and other International Agencies. 
Note: Equipment to be obtained in the U.S. includes much 
expensive high-tech equipment such as Gaulin Homogenizer 
$20,000. Proctor-Swartz tray drier pilot plant $20,000. 
Fitzpatrick Hammermill–Model DAS06 $8,000. Small drum 
drier and fl aker GF model $20,000. Spray drier (pilot size) 
$50,000. Pin mill–Alpine contraplex 250 CW $30,000. Size 
classifi er for fi ne powder–Alpine $30,000. Grand total U.S. 
$277,500.
 Appendix I. Government provided building, equipment 
and supplies. II. Description of government inputs. Address: 
INTSOY.

1932. Kalaidjieva, Stanka. 1975. Vlianie na mineralnia i 
simbiotichnia azot varhu dobiva i kachestvoto na zarnoto 
ot soia [Infl uence of mineral and symbiotic nitrogen on the 
yield and quality of soybean grain]. Rastenievudni Nauki 
(Plant Science, Bulgaria) 12(8):42-49. [20 ref. Bul; eng; rus]
• Summary: “Summary: Studies of the effect of nitrogen 
fertilization on yield and quality of soybean grain are 
scarce in this country. An accomplished study included 
the following 16 variants: O, P80, P80+nitrogen, N40P80, 
N40P80+nitrogen, N80P80, N100P80, N40, N80+nitrogen, N80N100, 
P80K40+nitrogen N80P80K40, P80Mo0.1 in kg/ha. Results 
show a decisive role of the nitrogen fertilization in the 
yield formation of soybean grown on meadow-cinnamonic 
smolnitsa-like soils under irrigation.
 “As a legume soybean better reacts to symbiotic 
nitrogen. Mineral nitrogen rates of 40, 60, 80 and 100 
kg/ha on a background with and without phosphorus 
less raises the yield than nitrogen treatment of soybean 
seed. Mineral nitrogen in combination with nitrogen on 
a phosphorus background raises much more the yield. 
Nitrogen and mineral nitrogen raise the protein content 
of grain, thus making soybean growing for a concentrate 
more advantageous.” Address: Agricultural Academy “G. 
Dimitrov”, Sofi a, Bulgaria.

1933. Krishnamurthy, K.; Shivashankar, K. 1975. Soybean 
production in Karnataka [Bangalore, India]. UAS Technical 
Series, Publication No. 12. 51 p. (University of Agricultural 
Sciences, Hebbal, Bangalore, India). [23 ref. Eng]
• Summary: Contents: Introduction. Crop introduction and 
varietal performance. Agronomic trials. Rhizobium studies. 
Moisture stress studies on soybeans. Studies on growth 
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regulators. Crude protein and fat content in soybean. Yield 
evaluation with other legumes. Performance of soybean on 
cultivator’s fi eld. Multiple cropping practices with soybeans. 
Soybean utilization studies. Agro-economic aspects of 
soybeans: Stabilization of yield, popularisation of soybeans 
in the state, providing seeds, rhizobium cultures and other 
inputs, development of package of practices for soybeans, 
right price for soybeans, marketing, processing and industrial 
utility. Address: Univ. of Agricultural Sciences (UAS), 
Hebbal, Bangalore 560024.

1934. Maier, R.; Brill, W.J. 1975. Microanalysis of 
bacteroid factors involved with nitrogen fi xation (Abstract). 
Abstracts of the Annual Meeting of the American Society for 
Microbiology 1975:182 (Abst. #K210).
• Summary: Discusses: Azotobacter vinelandii, Rhizobium 
japonicum, and Klebsiella pneumoniae. Address: Univ. of 
Wisconsin, Madison, Wisconsin.

1935. Ruschel, Alaides Puffi n; Ruschel, Renato. 1975. 
Sinergia da absorcao de nitrogenio do solo da fi xacao 
simbiotica de nitrogenio atmosferico dirigida para o aumento 
de nitrogenio total da soja (Glycine max) [Synergism of 
nitrogen uptake from soil and symbiotic nitrogen fi xation 
for increasing total nitrogen in soybean (Glycine max)]. 
Pesquisa Agropecuaria Brasileira, Serie Agronomia 
10(11):37-40. [18 ref. Por; eng]
• Summary: “The effect of inoculation and different 
sources of nitrogen (potassium nitrate, ammonium sulphate, 
ammonium nitrate and urea) on nodulation, i.e., the number 
and weight of nodules, the symbiotic N-fi xation and the 
amount of N, total and percentual, in the soybean plant 
(Glycine max (L.) Merril) was studied.
 “Nodular weight decreased with addition of ammonium 
sulphate, ammonium nitrate and potassium nitrate to 
soil. This effect was not observed with urea. Although 
the number of nodules decreased with addition of these 
nitrogen sources, no inhibition of nitrogenase activity was 
noted. The plant dry weight measured at 45 days indicated 
no differences due to inoculation; however, inoculation 
proved effective as far as increase in total and percentual 
N in plant tops in all treatments under study. The increase 
in total nitrogen indicated a synergism of inoculation and 
nitrogen fertilization. Inoculation maintained a constant 
level of nitrogen in the plant throughout plant growth.” 
Address: Centro de Energia Nuclear, ESALQ, Cx. Postal 96, 
Piracicaba, SP, Brazil.

1936. Selected annotated bibliography on the nodulation and 
nitrogen fi xation of soybean (Glycine max (L.) Merr.). 1975. 
Kuala Lumpur: RRIM (Rubber Research Inst. of Malaysia). 
*

1937. Silverstein, Alvin; Silverstein, Virginia B. 1975. 

Beans: All about them. Englewood Cliffs, New Jersey: 
Prentice-Hall, Inc. 86 p. Illust. by Shirley Chan. Index. 22 
cm. Summarized in Soybean Digest, Sept. 1975, p. 43. [7 
ref]
• Summary: This excellent book for children discusses beans 
in legend and history, how to grow them, and their future as 
a low-cost protein supplement. Includes experiments, bean 
recipes, and games.
 Contents: Beans. The story of beans. The history of 
beans. Beans in legend and lore. The life story of the bean. 
Kinds of beans. Beans in the garden and the marketplace. 
Beans for the future. Fun with beans. Beans for good eating.
 Page 2: “Kuan Yu, a great war god in Chinese folktales, 
was a bean curd [tofu] seller in his youth.”
 Pages 12-13, a brief (and partially accurate) history of 
the soybean, begin: “Soybeans are native to eastern Asia. 
The oldest written records of them date back to 2838 B.C. 
[sic], when Emperor Shen Nung of China wrote a description 
of the plant.” Also mentions: The fi ve sacred grains, soybean 
“milk,” tofu, yuba, [soy] sauces, soybean paste, soybean 
sprouts, soybean oil, Engelbert Kaempfer, fi rst introduced 
“to the United States around 1800 when a ship brought some 
to Philadelphia [Pennsylvania], Commodore Perry (1854), 
USDA tested about 10,000 different kinds. Now soybeans 
are the number one U.S. cash crop, accounting for more 
then 75% of the world’s soybean supply. Soybeans are used 
as foods for humans (in the form of oil, fl our, soy sauce, 
“milk substitutes, and meat substitutes and ‘extenders’”) and 
feeds for animals. They are also used in the manufacture of 
more than 250 industrial products, including paints, soaps, 
lubricants, adhesives, and fertilizer.
 Page 16: “In China, beans were a good luck symbol. 
A person who wore a string of soybeans hidden around his 
neck was believed to possess magic powers to do amazing 
feats. Three dark soybeans soaked in sesame oil for three 
days were used to foretell the future.”
 The chapter “The life story of the bean” (p. 18-29) gives 
(with illustrations) a simple and accurate description of the 
bean seed and how it grows, discussing the hilum or seed 
scar, the micropyle or tiny hole at one end of the hilum, the 
seed coat, the two cotyledons in which food for the young 
growing plant are stored, the embryo nestled (a plant in 
miniature) between the cotyledons, with its two tiny leaves 
(the plumule), a little root (the radicle), and a stemlike part 
connecting them (the hypocotyl). When the seed is planted, 
and it germinates or sprouts, the “embryo root pokes its tip 
out through the micropyle and grows out into the soil. Tiny 
root hairs form along the growing root. They take in moisture 
and dissolved minerals from the soil.” The hypocotyl grows 
until it “suddenly pushes up out of the soil–the fi rst part of 
the seedling to emerge. It is bent over, for the cotyledons are 
still buried in the soil.” The hypocotyl continues to grow. 
In a day or so the seed coat splits, then the top of the plant 
pops up out of the soil. “The empty seed coat is left behind, 
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buried beneath the surface.” Now the young bean seedling 
is growing straight up. The two seed leaves at the top unfold 
and grow quickly. Below them on the stem are the two 
cotyledons. As sun shines on the growing plant, its leaves, 
cotyledons, and stem begin to turn green–a turning point in 
the life of the plant.
 For a while, the growing plant takes the food it needs 
from the reserves stored in the two cotyledons. But as these 
reserves are used up, they shrivel and fi nally fall off. Now 
the young plant must create its own food using chlorophyll 
and photosynthesis.
 Chlorophyll traps energy from the sun. When examined 
under a magnifying glass, one can see that the surface of 
a plant leaf contains many tiny openings called stomates, 
which are usually open during the day and closed at night. 
“When the stomates are open, gases from the air pass freely 
in and out.” Air is about 80% nitrogen, 20% oxygen, plus 
smaller amounts of carbon dioxide, water vapors, and 
others gases. In the leaves, “carbon dioxide and water are 
combined, using the sunlight energy trapped by chlorophyll, 
into sugar, starches, and other complicated chemicals. 
Scientists call this process photosynthesis (photo means 
light, and synthesis means a putting together).” The by-
product, oxygen, passes out into the air through the stomates; 
it is the gas that humans and other mammals need to breathe.
 Describes the underground activities related to plant 
growth, nodules, bacteria that live symbiotically in the roots 
and fi x ammonia and nitrogen. Also describes the bean 
fl ower, its parts, self-pollination, the key role of bees, and 
how the seeds are formed from the fl ower.
 The chapter “The soybean–Number one” (p. 36-39) 
describes the current status of the soybean in the USA. 
The chapter “Beans for the future” discusses modern 
developments such as CSM, soyfoods such as sufu, tempeh, 
miso, spun soy protein fi bers, soybean meat analogs, textured 
vegetable protein (TVP).
 When a bean seed sprouts, how does it know which 
way is “up”? “Could you ever get a seedling with its roots 
pointing up in the air and its shoot poking down into the 
soil?” Supposing you cut off all sunlight? No, plants have 
a built-in gravity sense which scientists call “geotropism.” 
A plant hormone called an auxin causes the plant to bend 
upward–and toward the light (heliotropism). In 1888, the 
symbiotic partnership between legumes and nitrogen fi xing 
bacteria was fi rst discovered by Hellriegel and Wilfarth. 
There are short-day plants, long-day plants, and day-neutral 
plants; fl owering will not begin until the length of days 
and nights is just right (p. 54-59). Bean recipes (p. 70-75). 
Address: 1. Prof. of Biology, Staten Island Community 
College, New York City; 2. Translator of Russian scientifi c 
materials.

1938. Weinmann, H. 1975. Agricultural research & 
development in Southern Rhodesia 1924-1950. University 

of Rhodesia. Series Science No. 2. 217 p. See p. 113-16. [28 
ref]
• Summary: “Soya Beans: Early trials with Soya beans in 
Southern Rhodesia had been unsuccessful. Trials with some 
new varieties were started at the Salisbury Experiment 
Station in 1924/25, in which the variety Otootan emerged 
as the highest yielder of seed, with an average yield of 3.75 
bags (200 lb.) per acre over four seasons; other varieties 
tested included Haberlandt, Columbia and Biloxi. In 
experiments at Gwelo between 1930 and 1932, Otootan 
produced 3.5 bags of seed per acre when inoculated, as 
against 2.7 bags without inoculation.
 “Many other varieties, including strains from incidental 
crosses between Otootan and Biloxi, were tested in the 
following years but until 1931, at least, none of them 
equalled Otootan in yield of either fodder or seed. In 1933, 
Arnold recommended Otootan and one of the new strains, 
Selection No. 6, for cultivation, primarily for their fodder 
production, which amounted to nearly two tons of hay per 
acre.
 “In 1937 a number of strains from the School of 
Agriculture at Potchefstroom [in the southern Transvaal, 
South Africa] were included in the trials, together with many 
other varieties, strains and crosses. The Potchefstroom strain 
No. 35S184 proved a heavier yielder of seed than any of the 
other yellow-seeded varieties but produced less fodder than 
the strains recommended for hay production. The yellow-
seeded varieties were the only ones suitable for human 
consumption and industrial use, and by crossing a non-
shattering yellow-seeded strain with the varieties Otoxi and 
Herman the ‘Hernon’ strains were produced by about 1940, 
which were superior to Potchefstroom No. 184 in the yield 
of seed. At about the same time, several strains of another 
new variety, ‘Jubiltan’ [black-seeded], were evolved, which 
were suitable for fodder production. Further crossing of 
Hernon strains with Potchefstroom No. 184 in the following 
years resulted in a series of new strains, the best of which 
combined the desirable characteristics of Potchefstroom No. 
184 with the robust habit of the Hernon strains and produced 
higher yields of grain than Hernon No. 107, which was then 
the most widely grown strain in the Colony.
 “In various spacing trials during 1938 to 1941 and 1948 
to 1950, close spacing was generally found to increase the 
yield of seed. In certain experiments between 1942 and 
1946, the combined use of compost, phosphate and lime 
increased the average yield of seed from 4.6 to 7.1 bags per 
acre, while phosphate and lime alone or combined resulted 
in intermediate yields. Inoculation of the seeds with soil 
in which Soya beans had been grown was recommended 
and specially prepared soil from the Salisbury Experiment 
Station was supplied to farmers for this purpose free of 
charge.” Address: Honorary Senior Research Fellow, Univ. 
of Rhodesia, Salisbury [Southern Rhodesia].
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1939. Huxley, P.A.; Summerfi eld, R.J.; Hughes, A.P. 1976. 
Growth and development of soyabean cv. TK5 as affected 
by tropical daylengths, day/night temperatures and nitrogen 
nutrition. Annals of Applied Biology 82(1):117-33. Jan. [26 
ref]
• Summary: Longer daylength produced taller, more 
branched, later fl owering plants, but seed yield was hardly 
affected. A day temperature kept at 33ºC with a night 
temperature of 24º adversely affected all yield components. 
The experiments showed that night temperature, which 
promotes early vegetative growth and induces early 
fl owering, is a factor of major importance for the growth of 
this cultivar.
 “This paper describes results from a research 
programme on the physiology of tropical grain legumes in 
collaboration with the International Institute of Tropical 
Agriculture, Nigeria, and sponsored by the British Ministry 
for Overseas Development. Additional data from these 
experiments are contained in two internal communications 
which can be made available on request.
 “Dr P.J. Dart and Dr J. Day of Rothamsted provided 
helpful discussion at the start of the second experiment and 
they were responsible for assaying nitrogenase activities and 
carrying out nitrogen determinations.”
 “The Root Nodule Pty (Ltd) Australia provided the 
Rhizobium.
 Note: P.A. Huxley is now at: University of Dar-es-
Salaam, Faculty of Agriculture, P.O. Box 643, Morogoro, 
Tanzania. Address: Univ. of Reading, Dep. of Agriculture 
and Horticulture, Plant Environment Lab., Shinfi eld Grange, 
Shinfi eld, Reading, Berkshire RG2 9AD, England.

1940. Huxley, P.A.; Summerfi eld, R.J. 1976. 
Photomorphogenetic effects of lamp type on growth of some 
species of tropical grain legumes in controlled environment 
cabinets. Plant Science Letters 6(1):25-33. Jan. [7 ref]
• Summary: Evidence in these studies indicated that 
“Daylight” fl uorescent tubes alone are a suitable source 
of illumination for soybean IGm87 and TK5. 4Ima beans 
performed best with “Warm White” tubes alone, while 
pigeon peas were most typical when grown with “Warm 
White” tubes supplemented with 10% tungsten. “Northlight” 
tubes are generally to be avoided. Address: Univ. of Reading, 
Dep. of Agriculture and Horticulture, Plant Environment 
Lab., Shinfi eld Grange, Reading RG2 9AD, Berkshire, 
England.

1941. Parker, M.B.; Dowler, Clyde C. 1976. Effects of 
nitrogen with trifl uralin and vernolate on soybeans. Weed 
Science 24(1):131-33. Jan. [9 ref]
• Summary: The degree to which an herbicide affects 
soybeans and target weeds is dependent on the herbicide, the 
dosage, and the soybean variety.
 “Trifl uralin and vernolate are widely used as preplanting 

soil-incorporated treatments for weed control in soybeans.”
 “Nodulation was the only factor affected signifi cantly 
by nitrogen. Nodule weight was 65% greater where nitrogen 
was not applied. Nodulation was suppressed by trifl uralin, 
but not by vernolate.” Address: 1. Asst. Prof. of Agronomy, 
Coastal Plain Exp. Station; 2. Research Agronomist, ARS, 
USDA, Tifton, Georgia 31794.

1942. Taylor, W.E. 1976. Some aspects of grain legume 
research in Sierra Leone. Tropical Grain Legume Bulletin 
No. 3. p. 16-17. Jan. [4 soy ref]
• Summary: A summary of investigation carried out by the 
Grain Legume Research Group on cowpea and soybean 
during the 1974/75 cropping season. Includes: 1. Evaluation 
of the performance of soyabean cultivars in Sierra Leone 
by S.M. Funnah and M.T. Dahniya. 2. The effects of 
planting date on the yield and other agronomic characters 
of soyabeans in Sierra Leone (Funnah and Dahniya). 3. The 
effect of different row spacings, fertilizer and insecticide 
application on the growth and yield of soyabeans under 
upland conditions (W.E. Taylor, E.R. Rhodes, and A. 
Sesay.) 4. The effect of inoculation and nitrogen fertilizer on 
soyabeans (I. Haque, C.S. Kamara, S.M. Funnah, and D.S. 
Amara). Address: Grain Legume Research Group, Njala 
University College, Univ. of Sierra Leone, P.M.B. Freetown, 
Sierra Leone.

1943. Pankhurst, C.E.; Sprent, J.I. 1976. Effects of 
temperature and oxygen tension on the nitrogenase and 
respiratory activities of turgid and water-stressed soybean 
and French bean root nodules. J. of Experimental Botany 
27(1):1-9. Feb. [21 ref]
• Summary: Maximum nitrogenase activity was exhibited 
by turgid nodules at between 15 and 30ºC, but by moderately 
water-stressed nodules at between 10 and 15º. Variable 
effects of p02 were also studied. Address: Dep. of Biological 
Sciences, Univ. of Dundee, Dundee, Scotland.

1944. Tu, J.C.; Tse, S.Y. 1976. Virus infectivity of alfalfa 
mosaic virus in soybean as infl uenced by nodulation. 
Phytopathologische Zeitschrift 85(2):170-75. Feb. [13 ref]
• Summary: Healthy plants were more responsive to 
rhizobial inoculation than AMV-infected plants. A positive 
correlation between root nodule production and AMV 
infectivity was also established. It was suggested that 
increased nitrogen fi xation may contribute to increased 
virus infectivity. Address: Biological Sciences Electron 
Microscope Lab., Univ. of Alberta, Edmonton, Alberta, 
Canada.

1945. McParland, R.H.; Guevara, J.G.; Becker, R.R.; Evans, 
H.J. 1976. The purifi cation and properties of the glutamine 
synthetase from the cytosol of soya-bean root nodules. 
Biochemical Journal 153(3):597-606. March. [43 ref]
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• Summary: “The major portion of glutamine synthetase 
activity in root nodules of soya-bean plants is associated with 
the cytosol rather than with Rhizobium japonicum bacteroids. 
Glutamine synthetase accounts for about 2% of the total 
soluble protein in nodule cytosol.” Address: 1&3. Dep. of 
Biochemistry and Biophysics; 2&4. Dep. of Plant Pathology, 
Oregon State Univ., Corvallis, Oregon 97331.

1946. Oils and Oilseeds Journal (Bombay). 1976. Research 
to develop soyabean varieties. 28(3):22. Jan/March.
• Summary: “The Pantnagar University has undertaken 
intensive research on soyabean... The University has an 
interdisciplinary research programme comparable to the best 
anywhere in the world. The Indian Council of Agricultural 
Research has made Pantnagar the centre of the all-India 
co-ordinated research project on soyabean. From the initial 
efforts of identifying U.S. bred soyabean varieties Bragg, 
Lee and Clark 63 as suitable for cultivation during the 
monsoon season, the varietal improvement programme has 
developed a number of indigenous varieties showing greater 
adaptability to local conditions, resistance to diseases and 
high yield potential. Ankur was released in 1974 as the 
fi rst such variety, showing high resistance to rust and good 
germinability.”
 “There are about 4,000 lines of soyabean germplasm at 
the University which are evaluated and maintained.”
 “The soyabean culture which enables plants to fi x 
atmospheric nitrogen has been commercially produced at 
Pantnagar.”

1947. Elkins, D.M.; Olsen, F.J.; Gower, E. 1976. Effects of 
lime and lime-pelleted seed on legume establishment and 
growth in South Brazil. Experimental Agriculture 12:201-06. 
[12 ref]
• Summary: Lime pelleting often improved establishment 
and yield of soy and desmodium at low pH (4.8-4.9). 
Application of 6 t/ha of lime improved establishment and 
herbage yields. Address: Dep. of Plant and Soil Science, 
Southern Illinois Univ., Carbondale, IL.

1948. Orellana, R.G.; Sloger, C.; Miller, V.L. 1976. 
Rhizoctonia-Rhizobium interactions in relation to yield 
parameters of soybean. Phytopathology 66(4):464-72. April. 
[11 ref]
• Summary: The fungus (Rhizoctonia) caused a 63% 
decrease in fi xed N per plant in inoculated Lee variety 
soybeans. Nodulation by Rhizobium japonicum increased 
at 30ºC, while Rhizoctonia solani had a lesser effect at that 
temperature. Address: 1. Applied Plant Pathology Lab., 
USDA, Beltsville, Maryland 20705.

1949. Reporter, Minocher. 1976. Synergetic cultures of 
Glycine max root cells and rhizobia separated by membrane 
fi lters. Plant Physiology 57(4):651-55. April. [16 ref]

• Summary: A double chambered apparatus in which 
root cells, separated from the rhizobia by two or three 
membranes, activated nitrogenase activity as Indicated by 
acetylene reduction and hydrogen evolution, is described. 
The activity persisted for several days after removal of 
the rhizobia to a separate culture with a carbon source and 
controlled environment. Some possible applications of the 
transfi lter method are discussed. Address: C.F. Kettering 
Research Lab., Yellow Springs, OH.

1950. Thompson, Lyell; Pongsakul, Pichit. 1976. “Soil” 
inoculation for soybeans investigated: a new inoculation 
method with new strains of nodulating bacteria. Arkansas 
Farm Research 25(2):15. March/April.
• Summary: It is diffi cult to establish a new strain of 
nitrogen-fi xing bacteria in a fi eld were another strain has 
already been established.
 “But there has been a new development with soybean 
inoculants in recent years. Microbiologists have isolated and 
cultured new strains of nodulating bacteria. Under certain 
conditions, these strains have been shown to be superior 
in nitrogen-fi xing ability when compared to the strains 
of inoculants available to Arkansas farmers 30 years ago. 
Use of these new strains, which fi x more nitrogen, should 
increase soybean yields.
 “But since the ‘old’ strains of soybean inoculants are 
so well established in the old soybean fi elds, there is now 
no practical method of getting the new superior strains 
established. Certainly the small amount of the new strains 
of Rhizobia bacteria that are added to the soil on inoculated 
seed are minimal when compared to the population of the 
old-strains that have become indigenous in our soybean 
fi elds. During 1975 we established experiments to evaluate 
use of experimental strains when inoculated directly into 
the soil. Experiment 1 was located on a Dickson silt loam 
having a pH of about 5.8 on the Main Experiment Station, 
Fayetteville; the test variety was Hood 75. Experiment 2 was 
located on a Crowley silt loam at the Rice Branch Station, 
Stuttgart; the pH of the soil was 7.1 and the Bragg variety 
was used. A seeding rate of 60 lb/A was used in each test.
 “The inoculants, furnished by Kalo Laboratories, 
Inc., were their seed inoculant Noctin and an experimental 
granular material (“Granular Noc-tin”) for soil inoculant. 
The Noctin was mixed with a solution of gum acacia and 
coated on the seed; seed for the check and soil-inoculant 
treatments were coated with equal quantities of pure gum 
acacia.” Address: 1. Agronomist; 2. Graduate student. Both: 
Univ. of Arkansas, Fayetteville, Arkansas.

1951. Criswell, J.G.; Hume, D.J.; Tanner, J.W. 1976. Effect 
of anhydrous ammonia and organic matter on components 
of nitrogen fi xation and yield of soybeans. Crop Science 
16(3):400-04. May/June. [22 ref]
• Summary: Anhydrous ammonia did not signifi cantly 
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affect seed yields, but reduced N fi xation and nodule mass. 
Depression of the nodule mass was overcome by addition 
of organic matter. Address: Crop Science Dep., Univ. of 
Guelph, Guelph, Ontario, Canada.

1952. Elkins, D.M.; Hamilton, G.; Chan, C.K.Y.; Briskovich, 
M.A.; Vandeventer, J.W. 1976. Effect of cropping history on 
soybean growth and nodulation and soil rhizobia. Agronomy 
Journal 68(3):513-17. May/June. [14 ref]
• Summary: “Considerable controversy exists as to whether 
soybean... inoculation is benefi cial in soils where soybeans 
have been grown previously.” To clarify the effect of 
previous soybean cropping history, sterile soybean seeds 
were inoculated with the supernatant from soil suspensions 
representing variations of soil exposure to rhizobia. Good 
nodulation and growth occurred from populations of rhizobia 
which had persisted for 10 or 11 years since soybean 
cropping had occurred. Address: Dep. of Plant and Soil 
Science, Southern Illinois Univ., Carbondale, IL 62901.

1953. Liu, Ming-Chin; Hadley, H.H. 1976. Effects of 
nonnodulating gene (rj1) on seed protein and oil percentages 
in soybeans with different genetic backgrounds. Crop 
Science 16(3):321-25. May/June. [11 ref]
• Summary: Studies of nod- and nonnod- crosses in 
various combinations suggested that N fi xation may 
act as a ‘buffer’ obscuring the segregation of genes for 
utilization of combined N. Possible breeding strategies for 
increased protein production are discussed. Address: Dep. of 
Agronomy, Univ. of Illinois, Urbana-Champaign, Urbana, IL 
61801; Liu was formerly graduate assistant–now senior plant 
breeder, Taiwan Sugar Research Institute, Taiwan, China.

1954. Feng, JiLi. 1976. [New advances in the research of 
symbiotic nitrogen fi xation]. Acta Microbiologica Sinica 
(Wei Sheng Wu Xue Bao) 16(2):183-184. June. [17 ref. Chi]
Address: [China].

1955. Lazan, Hamid. 1976. Effects of growth regulators and 
combined nitrogen on growth and nodulation of soybean. 
Malaysian Agricultural Research 5(1):9-17. June. [30 ref]
• Summary: The three growth regulators are dimethylamino 
succinamic acid (B-9), gibberellic acid (GA) and 
triiodobenzoic acid (TIBA). They were tested both in the 
presence and absence of nitrogen. “The growth regulators 
were applied as foliar sprays onto soybean plants about 3 
weeks old. The seeds were inoculated with a suspension of 
mixed strains of rhizobia.
 “Neither the growth regulators nor the combined N 
affected total nodule number but there was an indication 
of suppression of early nodulation by TIBA, B-9 and N...” 
Address: Dep. of Biology, National Univ. of Malaysia, Kuala 
Lumpur, Malaysia.

1956. Soos, Tivadar; Papp, L.; Mir, M.V. 1976. Szabadfoldi 
rhizobium oltasi kiserletek kulonbozo szojababfajtakkal 
Kubaban [The effect of Rhizobium inoculation on four 
soybean varieties grown in Cuba]. Agrokemia es Talajtan 
Kiskonyvtara 25(1-2):139-44. June. [7 ref. Hun; eng; spa; 
rus]
• Summary: A rhizobium inoculum named Rhizoleg-soya 
was manufactured and tested in fi eld experiments on the 
yield of 4 soybean varieties grown on a large scale in Cuba. 
The inoculum was effective in promoting root nodule 
formation and increasing yields of all 4 varieties. Address: 
Veterinary Biologicals and Feedstuffs Co., Budapest, 
Hungary.

1957. Kumar Rao, J.V.D.K.; Patil, R.B. 1976. Effect of 
inoculation with Rhizobium and Azotobacter on nodulation, 
growth and yield of soybean (Letter to the editor). Current 
Science (Bangalore, India) 45(14):523-24. July 20. [5 ref]
• Summary: “From the results presented in Table I it can be, 
seen that very few nodules were observed in uninoculated 
and Azotobacter treatments. This can be attributed to the 
native rhizobia present in the soil. Highest number of 
nodules was observed in Rhizobium treated plants at both 30 
days and 60 days of plant growth. Dry weight of the nodules 
per plant was more or less same in Rhizobium alone and 
Rhizobium plus Azotobacter treatments. Dry weight of plant 
tops in various treatments was not signifi cantly different 
from that of uninoculated plants at 30 days of plant growth.”
 “It can be concluded from the above fi ndings that in 
soybean seed inoculation with Rhizobium combined with 
Azotobacter inoculation of soil is as good as seed inoculation 
with an effi cient culture of Rhizobium in obtaining good 
nodulation, nitrogen fi xation and bean yield and Azotobacter 
inoculation did not contribute either to nodulation or nitrogen 
fi xation effi ciency by Rhizobium. However, the plants do 
seem to derive some benefi t from Azotobacter inoculation 
alone when compared with the uninoculated control.” 
Address: Div. of Agricultural Microbiology, College of 
Agriculture, Univ. of Agricultural Sciences, Hebbal, 
Bangalore 560 024, India.

1958. Bhangoo, M.S.; Albritton, D.J. 1976. Nodulating and 
non-nodulating Lee soybean isolines response to applied 
nitrogen. Agronomy Journal 68(4):642-45. July/Aug. [10 ref]
• Summary: Grain yields from undulating soybeans with no 
N treatment equalled those of the non-nodulating isolines 
treated with N up to 224 kg/ha. Symbiotic N fi xation 
decreased to near zero when N applications exceeded 224 
kg/ha. Address: Professors of Agronomy, Univ. of Arkansas, 
Pine Bluff, Arkansas.

1959. International Institute of Tropical Agriculture. 1976. 
Annual report 1975. Ibadan, Nigeria. 219 p.
• Summary: Soybeans are mentioned on various pages. The 
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subsection titled “Effects of previous cowpea and soybean 
crops on maize production” (p. 40) states: “After soybeans, 
there appeared to be little contribution of N [nitrogen] from 
the legume to the maize crop.
 Table 34 titled “Observations on early cowpeas and 
early soybeans grown in different mulches in 1975” (p. 
44) shows that one of the mulches was “Soybean tops 
(chipped).” The mulch helped to control weeds.
 The section on “Grain legume improvement program” 
contains a subsection (p. 75) titled “Soybeans.” “New lines 
that outyielded the previous leading cultivar Bossier were 
identifi ed. The names and characteristics of each line are 
described.
 The main section on soybeans, titled “Soybean 
breeding” (p. 82-86) has this contents: Introduction, 
cultivar trials, cultivar trial results, shattering resistance, 
recombination and selection, seed quality. Three large tables 
and two fi gures give details.
 Soybeans are also mentioned on pages 106 (“Soybean 
bacterial pustule”), 119 (“Inoculation studies with 
soybeans”), and 122 (Table: “Seed protein content of grain 
legumes grown at IITA.” Soybeans have by far the highest 
protein content. Average weight of 100 seeds is also given 
for each legume, incl. the winged bean). Address: Ibadan, 
Nigeria.

1960. Thomas, George V.; Khurana, A.S.; Sethi, R.P. 1976. 
Distribution of bacteria in the soybean rhizosphere. Indian J. 
of Ecology 3(2):167-71. July. [13 ref]
• Summary: “A quantitative analysis of the bacterial fl ora 
and the population of nitrogen fi xing Azotobacter in the 
rhizosphere of two soybean varieties, viz. Bragg and Punjab 
soybean No. 1 was carried out at 30, 60 and 90 days of plant 
growth. The bacterial population ranged from 86 x 106 
to 276 x 106 per gm of the rhizosphere soil, the maximum 
population being at 60 days of plant growth.”
 The population of Azotobacter spp. was reduced in the 
rhizosphere of soybean plants (Bragg and Punjab No. 1) 
compared to non-rhizosphere soil, while the total microfl ora 
population was increased by plant growth. Counts of 
rhizobia alone were not presented, but the possibility of 
their antagonistic effect on Azotobacter was raised. Address: 
Dep. of Microbiology, Punjab Agricultural Univ., Ludhiana 
[India].

1961. Harper, J.E.; Nicholas, J.C. 1976. Control of nutrient 
solution pH with an ion exchange system: effect on soybean 
nodulation. Physiologia Plantarum 38(1):24-28. Sept. [12 
ref]
• Summary: The pH of a growth solution was controlled by a 
cation exchange resin in a recirculating ion exchange system. 
The optimum pH range for nodule mass and N2 fi xation was 
between 5.2 and 7.0 with urea nutrition. Both nitrate- and 
ammonia-N sources were inhibitory to acetylene reduction, 

although urea allowed extensive nodule development and 
activity. Address: USDA ARS and Dep. of Agronomy, 
Illinois Agric. Exp. Station, Urbana, IL 61801.

1962. Tu, J.C. 1976. Cytoplasmic changes during and 
after infection of soybean root nodule cells with rhizobia. 
Phytopathology 66(9):1065-71. Sept. [18 ref]
• Summary: Root cortical cells showed an increase in 
ribosomes and extension of the endoplasmic reticulum. An 
increase in dictyosome activity during early infection may 
be attributed to stimulated production of cell wall materials. 
The dictyosomes were arranged in a long chain between the 
bacteroids and the interior nucleus of the root cortical cells. 
Electron micrographs show infection thread invasion through 
bacteroid deposition. Address: Biological Sciences Electron 
Microscope Lab., Univ. of Alberta, Edmonton, Alberta, 
Canada T6G 2E1.

1963. Skinner, Karen Joy. ed. 1976. Nitrogen fi xation. 
Chemical and Engineering News 54(41):22-35. Oct. 4.
• Summary: A “special report” on current research on 
biological nitrogen fi xation (aerobic, anaerobic and 
facultative anaerobic), with numerous diagrams and 
illustrations. In a comparison of energy inputs for chemical 
(catalytic) and biological systems of N fi xation, it remains 
uncertain which may prove to be the most practicable. 
Address: Staff, Washington, DC.

1964. Varma, A.K.; Tiwari, P.N. 1976. Rhizobium inoculation 
and oil content of soybean seeds (Letter to the editor). 
Current Science (Bangalore, India) 45(20):725. Oct. 20. [5 
ref]
• Summary: This letter begins: “It is reported that the oil per 
cent of soybean seeds decreases with an increase in yield, 
resulting from Rhizobium inoculation” (1-3).
 Table I shows that despite “the observed decrease in oil 
per cent due to Rhizobium inoculation, the net oil production 
per hectare in the inoculated series is far greater than the 
uninoculated series. This is because the increase in yield 
due to the inoculation is much more than the decrease in 
the oil per cent.” Address: 1. Microbiology Div.; 2. Nuclear 
Research Lab. Both: I.A.R.I. [Indian Agricultural Institute], 
New Delhi, India.

1965. Kassam, A.H. 1976. Crops of the West African semi-
arid tropics. Begumpet, Hyderabad, India: International 
Crops Research Institute for the Semi-Arid Tropics 
[ICRISAT]. vi + 154 p. Oct. 27 cm. [400+* ref]
• Summary: A review of practical information on 23 crops 
grown in the area, in which Part II, pages 37-50, is on 
legumes (cowpea, groundnut and soya bean).
 Pages 48-50: The section on Soya bean has these 
contents: a brief introductory paragraph on the history and 
economic importance, then sections on ecology, cultivation, 
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diseases and pests. The sections on other two crops have 
similar structures, although there is also information about 
special problems associated with storage.
 A table lists 24 categories of agronomic information 
for 4 cultivars of groundnut. Address: International Crops 
Research Institute for the Semi-Arid Tropics [ICRISAT], 
1-11-256, Begumpet, Hyderabad 500 016, A.P., India.

1966. Nelson, A.I. 1976. Sri Lanka Soybean Development 
Program. Report No. 4. University of Illinois, Urbana, 
Illinois: INTSOY. 13 p. Contract No. UNDP/SRL/73/007-1/
AGOG INTSOY.
• Summary: Prof. Nelson was in Sri Lanka from Aug. 29, 
1976 through Sept. 29, 1976. Contents: Commercial Type 
Soy Food Products: Full-fat soybean fl our; Soybean dhal; 
Soy beverage; Infant weaning foods. Product Concepts for 
Village and Home Use. Intermediate Level Technology 
Products. Extension of Technology to the Village Level. 
Legume Inoculant Production. Conclusions. Address: Prof. 
of Food Processing–International Agriculture, INTSOY.

1967. Ballon, Federico B. 1976. Soybean production and 
utilization in the Philippines. INTSOY Series No. 10. p. 245-
47. R.M. Goodman, ed. Expanding the Use of Soybeans 
(College of Agric., Univ. of Illinois at Urbana-Champaign).
• Summary: Contents: Introduction. Production: Varieties, 
inoculant, fertilizers, water management, harvesting and 
storage. Crop protection: Weed control, diseases and pests. 
Marketing. Utilization. Extension.
 “Soybeans are an important commodity in the 
Philippines. In 1974 the country imported about 60,012 
metric tons of soybean meal from the United States and other 
countries at a cost of over US$16 million. This quantity was 
still far below the estimated requirement of 104,884 metric 
tons. The total registered production in 1975 was only 6,552 
metric tons, although the estimated need was 115,152 tons. 
Domestic production constitutes only about 5.68 percent of 
the total requirement of the country.”
 Inoculant: “The Bureau of Soils of the Department of 
Agriculture is responsible for the low-cost production and 
distribution of inoculants to the farmers.”
 “In the Philippines about 20 percent of the soybean 
supply is used for human food and about 80 percent for 
animal feed...
 “Through the National Food and Agricultural Council 
(NFAC), a national coordinating agency, the government has 
launched a bold, grain production program known locally 
as ‘Masaganang Maisan.’ The objective of the program is to 
produce an adequate grain supply for domestic consumption 
and possibly for export.” Address: Vegetable and Legume 
Crops Section, Bureau of Plant Industry, Manila, Philippines.

1968. Frederick, Lloyd R. 1976. Soybean inoculation. 
INTSOY Series No. 10. p. 44-45. R.M. Goodman, ed. 

Expanding the Use of Soybeans (College of Agric., Univ. of 
Illinois at Urbana-Champaign). [6 ref]
• Summary: “Better nodulation can be achieved in many 
situations by better inoculation... On soils low in nitrogen 
inoculated beans often yield 150 to 200 percent more 
than uninoculated beans... Inoculation is a numbers game. 
At least one million Rhizobium bacteria per seed appear 
to be desirable for fi eld application.” Address: Soil and 
Water Management Div., Offi ce of Agriculture, Technical 
Assistance Bureau, Agency for International Development 
(USAID), Dep. of State, Washington, DC.

1969. Herath, E. 1976. Cultivation and uses of soybeans 
in Sri Lanka. INTSOY Series No. 10. p. 250-52. R.M. 
Goodman, ed. Expanding the Use of Soybeans (College of 
Agric., Univ. of Illinois at Urbana-Champaign).
• Summary: Contents: Introduction. Cropping patterns. 
Cultivation practices. Harvesting and storage. Varietal 
improvement. Fertilizer and plant nutrition studies. 
Microbiological investigations. Crop physiology studies. 
Seed storage, quality, viability, and seedling vigor. Utilisation 
research: Soybean milk and milk products, soy fl our, soybean 
dhal, cooking time and storage, additional research planned. 
Extension.
 “Plantation agriculture, with crops of tea, rubber, 
coconut, cocoa, and spices, forms the basis of Sri Lanka’s 
economy. However, these crops, which are grown in the 
central highlands and in parts of the intermediate zones, 
comprise only a minor part of the total acreage of 16.2 
million acres situated for the most part in the relatively 
underdeveloped dry zone...
 “Soybean is a relatively new crop, having been 
introduced to farmers only in 1972. At present the acreage 
under soybeans is negligible and is confi ned primarily to 
a few large, privately-owned farms and to many small, 
scattered plots in the dry and intermediate zones. Production 
areas should total nearly 8,000 acres for 1976.”
 The Yala season (dry) is April to September. The Maha 
season (rainy / rain-fed) is October to February.
 “The most signifi cant contribution to soybean cultivation 
recently has been the introduction of commercial inoculants. 
Until this breakthrough, soybean yields and performance 
were erratic... With these inoculants all soybean varieties 
performed signifi cantly better, giving consistently high yields 
of up to 3,540 pounds per acre in research plots.”
 “In the 1973 coordinated varietal trials, yields of 3,000 
to 4,000 kg per hectare were recorded from the Asian variety 
Pb-1 and from the American varieties Hardee, Lee, Bragg, 
and Improved Pelican.” Address: Dep. of Agriculture, 
Central Agricultural Research Inst., Peradeniya, Sri Lanka.

1970. Lee, Hong Suk; Park, K.Y.; Chung, B.J.; Park, J.S.; 
Yohe, J.M. 1976. The status of soybean production and 
research in Korea. INTSOY Series No. 10. p. 239-42. R.M. 
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Goodman, ed. Expanding the Use of Soybeans (College of 
Agric., Univ. of Illinois at Urbana-Champaign).
• Summary: Contents: Introduction. Major problems 
related to increased soybean production: Weather, varietal 
improvement, planting time, soil fertility and pH, cultural 
practices (cropping systems, planting patterns, seed treatment 
and inoculation), soybean pathology and entomology. 
Present and future research problems.
 “Good quality soybeans with large grain size have been 
cultivated for thousands of years in the middle and northern 
part of the east coast of Korea. Because soybeans have been 
grown primarily for subsistence, they have not been regarded 
as a cash crop by Korean farmers... Soybean cultivation in 
1974 and 286,188.4 hectares, thus making soybeans the third 
major crop of Korea in hectarage...
 “Soybean production has gradually increased from 
231,994 metric tons in 1970 up to 318,576 metric tons in 
1974. Although total soybean production has increased, it has 
not kept up with demand as indicated by the fact that imports 
have increased from 36,291 metric tons in 1970 up to 66,370 
metric tons in 1974...
 “Home consumption is the major area for soybean 
use, about 122,000 metric tons being consumed in 1974. 
Soybeans are prepared by mix-boiling with rice or 
vegetables, or are eaten in the form of curd, sprouts, sauce, 
paste, milk, and fl our. The government uses soybeans 
primarily for military needs. Soybean oil is used for 
industrial purposes.” Address: 1. College of Agriculture, 
Seoul National Univ.; 2. Corps Exp. Station, Offi ce of Rural 
Development; 3-4. Inst. of Agricultural Science, Offi ce of 
Rural Development; 5. Crop Improvement Research Center, 
Offi ce of Rural Development. All: Suweon, Korea.

1971. Na Lampang, Arwooth. 1976. Interrelationship 
between soybean varieties and indigenous Rhizobium 
strains in northeast Thailand. INTSOY Series No. 10. p. 198-
99. R.M. Goodman, ed. Expanding the Use of Soybeans 
(College of Agric., Univ. of Illinois at Urbana-Champaign).
• Summary: “On the basis of climatic and soil 
characteristics, soybean growing areas in Thailand can be 
geographically divided into three major regions, namely, the 
North, the Central Plain, and the Northeast. At present, the 
fi rst two regions are suitable for soybean production, and 
relatively high yields (about 2,000 to 2,500 kg per hectare) 
can be obtained with proper management using the standard 
varieties, SJ 1 and SJ 2. Furthermore, in the North and in the 
Central Plain nodulation, with or without inoculation, has 
been observed in every location. In contrast, soybean yields 
from the Northeast region are low and lack of nodulation is 
common.
 “Since the Northeast encompasses about one-third of 
the nation’s arable land, the solution of problems currently 
limiting soybean production is essential before production 
can be increased. To this end, investigations in the Northeast 

are being intensifi ed. From a climatic standpoint the 
Northeast is considered suitable for soybeans, but poor 
soils generally limit yields. As in other tropical countries, 
high rainfall and sandstone parental materials may be 
primarily responsible for heavy leaching and weathering. 
Laboratory analyses have shown that most of the soils are 
acidic (pH values from 4.5 to 5.5) and low in important plant 
nutrients, thus making them unsuitable for production of 
both Rhizobium and soybeans. At the present time, liming 
and application of fertilizers are considered uneconomical 
because of the high cost of materials and transportation.
 “A major factor limiting growth of soybeans in the 
Northeast has been the lack of nodulation, which prevents 
plants from attaining their normal growth and invariably 
results in poor yields (about 300 to 500 kg per hectare). 
Attempts to induce nodulation by application of inoculum 
rarely succeed. Moreover, large-scale inoculation is 
considered impractical at this time because inoculum is 
unavailable; consequently, farmers have yet to learn how to 
apply it.
 “In soybean seed multiplication fi elds of SJ 1 and SJ 2 
in the Northeast, poor plant growth is common. However, a 
few normal plants occasionally appear in these fi elds. Close 
examination has shown that these healthy and vigorous 
plants possess nodules and have good seed-setting ability. 
This in turn suggests the possibility of specifi c interrelations 
between host genotypes and Rhizobium races.
 “To confi rm this hypothesis, a set of differential soybean 
varieties, including the native strains SB 60 and Pakchong, 
the recommended varieties SJ 1 and SJ 2, and the introduced 
variety Lincoln, were planted without inoculation in several 
Northeast experiment stations where records indicated 
soybeans had never been previously grown. The results 
(Table 1) indicate that only the native varieties SB 60 and 
Pakchong formed nodules. This led us to conclude that 
indigenous strains of Rhizobium existed naturally in the 
soil and that nodules were produced only in the presence of 
compatible host genotypes.
 Table 1, “Evaluation of Five Uninoculated Soybean 
Varieties at the Roi-ed [Roi Et?] Experiment Station, 
Northeast Region, 1972,” has 6 columns: Soybean variety, 
plant height (cm), dry weight (gm/plant), number of pods, 
seed weight (gm/plant), and nodule score (Scored on 0 to 5 
basis, 5 indicating heavy nodulation). The varieties are: SJ 1, 
SJ 2, S 1160, Pakchong, Lincoln.
 “On the basis of these plant yields and at a 
recommended population of 200,000 plants/ha, SJ 2 is 
expected to yield 500 kg/ha, while SB 60 and Pakchong are 
expected to produce up to 2,500 kg/ha.
 “Another study was conducted concurrently by placing 
one seed of SB 60 along with one seed of SJ 2 in the same 
hill in soils that had never grown soybeans. Only SB 60 
plants formed nodules; no nodules were observed on SJ 2 
plants. These results suggest the existence of genotype x 
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race interactions of soybeans with Rhizobium and raise the 
question of whether the lines that do not form nodules are 
incompatible with all Rhizobium strains or are incompatible 
only with those strains present in the study.
 “Because native varieties are generally inferior in yield 
and seed quality and unfi t for existing cropping patterns, 
a breeding program has been initiated. One objective of 
this program is to transfer the nodulating ability of native 
varieties to standard varieties. Crosses between SB 60 and 
SJ 2 were made and progenies subsequently grown in virgin 
soils devoid of Rhizobium japonicum. Unfortunately, a clear-
cut pattern of segregation could not be distinguished because 
of the diffi culty in identifying plant genotypes under fi eld 
conditions. Only those plants that showed normal growth 
were saved and checked for nodulation at harvest time. 
There was a reasonably good correlation between normal 
growth and nodulation. Selection had been advanced to 
the F6 generation, when an early outbreak of rust seriously 
damaged the entire set of materials. Neither parent is 
resistant to rust. However, from the information obtained we 
are reasonably confi dent that superior lines able to utilize 
naturally occurring Rhizobium strains can be developed 
by proper selection following hybridization. We hope that 
soybean varieties adapted to the acidic and low fertility soils 
of the Northeast will be available in the future.”

1972. Rahman, Lutfur; Hoque, M.Z.; Hobbs, P.R. 1976. 
Soybean research in Bangladesh. INTSOY Series No. 10. p. 
222-25. R.M. Goodman, ed. Expanding the Use of Soybeans 
(College of Agric., Univ. of Illinois at Urbana-Champaign). 
[10 ref]
• Summary: Contents: Introduction. Potential of soybeans in 
Bangladesh: Soybeans in potential cropping patterns, present 
status. Experiments and results: Varietal performance, row-
spacing trials, effects of inoculum, stubble planting, pest and 
disease problems. Future soybean research in Bangladesh.
 “The fi rst comprehensive yield trial for nine soybean 
varieties in Bangladesh was initiated by the Mennonite 
Central Committee. Averaged over six locations, the data 
relating to different characters indicates a fairly good 
performance for varieties such as Adelphia, Hark, Rampage, 
Bragg, and Improved Pelican, regardless of location. 
This was dry-land farming during the post-winter season 
with supplemental irrigation. The results indicate better 
adaptability of the crop to different regions.
 “Using 21 varieties, the second experiment, also 
initiated by MCC and conducted by various organizations 
from January to May 1974 suggests that some varieties can 
produce yields as high as 3,135.6 pounds per acre.” The two 
cropping seasons are Kharif (April to Sept.; the rainy season) 
and Rabi (Oct. to March).
 Note: This document contains the earliest clear date seen 
for the cultivation of soybeans in Bangladesh (1973) after it 
became an independent nation. The source of these soybeans 

was probably the USA. Address: 1. Bangladesh Coordinated 
Research Project, Bangladesh Agricultural Research Council; 
2. Bangladesh Rice Research Inst.; 3. International Rice 
Research Inst. All: Dacca, Bangladesh.

1973. Singh, B.B. 1976. Breeding soybean varieties for the 
tropics. INTSOY Series No. 10. p. 11-17. R.M. Goodman, ed. 
Expanding the Use of Soybeans (College of Agric., Univ. of 
Illinois at Urbana-Champaign). [20 ref]
• Summary: Contents: Introduction. Breeding for disease 
resistance. Breeding for insect resistance. Breeding for better 
seed quality and germination. Breeding for better nodulation. 
Development of soybean varieties for short-day conditions. 
Breeding methods and selection criteria. Consideration of 
plant type. Population improvement. Discussion. Address: 
Dep. of Plant Breeding, G.B. Pant Univ. of Agriculture & 
Technology, Pantnagar, Dist. Nainital, UP, India.

1974. Somaatmadja, Sadikin; Guhardja, Edi. 1976. Current 
status of soybean research and utilization in Indonesia. 
INTSOY Series No. 10. p. 232-35. R.M. Goodman, ed. 
Expanding the Use of Soybeans (College of Agric., Univ. of 
Illinois at Urbana-Champaign). [1 ref]
• Summary: Contents: Introduction. Production: 
Hectarage and yield. Production techniques: Systems of 
cultivation, inoculation, harvesting and processing for 
storage, storage. Factors affecting soybean production in 
Indonesia: Seed viability and seed supply, pests, diseases, 
cultural practices, varieties. Consumption and utilization. 
Marketing. Extension: Training, method used to increase 
soybean production (expansion of hectarage, intensifi cation, 
varieties).
 “At present soybeans occupy fi fth place among the other 
food crops, after rice, cassava, maize, and sweet potatoes. 
Research on soybeans is conducted at the Central Research 
Institute for Agriculture (CRIA) at Bogor and its substations, 
including Sukamandi and Ujung Padang; at several 
universities, such as the Institut Pertanian Bogor, Universitas 
Gadjah Mada, Jogyakarta, and Brawijaya Malang; and at 
other research institutes, including Badan Tenaga Atom 
Nasional, Jakarta, and Lembaga Biologi Nasional, Bogor.
 “From 1970 to 1973 the annual harvested hectarage of 
soybeans averaged 703,878 hectares with a production of 
517,199 metric tons and an average yield of 7.34 quintals 
[1 quintal = 100 kg] per hectare. Approximately 80 to 85 
percent of the total soybean hectarage in Indonesia is in Java-
Madura...
 “Per capita consumption of soybeans in Indonesia 
refl ects the distribution of the crop. In Java the per capita 
consumption each year is about 5.04 kg; in Sumatra, 
Kalimantan, Sulawesi, and Maluku/Irian Jaya between 0.10 
and 1.04 kg; and in Bali about 3.43 kg.
 “Soybeans are not consumed directly, but are processed 
into a large number of products. Tempeh (fermented 
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soybeans), tahu (soybean curd), tauge (soybean sprouts), 
kecap (soy sauce), tauco (fermented mixture [Indonesian 
miso]), and oncom (made from residues of soymilk and tahu) 
are consumed as side dishes with rice. Roasted beans, tahu 
chips, and boiled seeds are eaten as snacks, and boiled young 
pods are prepared as a green vegetable. Soymilk is consumed 
as a beverage.” Address: 1. Sukamandi Research Station, 
Central Research Inst. for Agriculture, Sukamandi; 2. Bogor 
Agricultural Univ., Bogor. Both: Indonesia.

1975. Tongdee, Amnuay. 1976. Soybean production in 
Thailand. INTSOY Series No. 10. p. 253-54. R.M. Goodman, 
ed. Expanding the Use of Soybeans (College of Agric., Univ. 
of Illinois at Urbana-Champaign).
• Summary: Contents: Introduction. Production and 
production areas. Cultivation. Varieties, fertilizers, and 
inoculation. Disease and insect pests. Utilization.
 “Soybeans, one of Thailand’s most important crops, 
have been grown here traditionally, although there is no 
evidence of when they were fi rst introduced. After having 
been brought to this country, probably by migrating Chinese, 
soybeans became part of the Thai diet. They are processed 
into a variety of foods, including tou-hu tou-cheaw, and soy 
sauce. Freshly cooked pods [green vegetable soybeans], 
called tou-rae, are prepared for immediate consumption.” 
Address: Mae-Jo Agric. Exp. Station, Chiang Mai, Thailand.

1976. Voorhees, W.B.; Carlson, V.A.; Senst, C.G. 1976. 
Soybean nodulation as affected by wheel traffi c. Agronomy 
Journal 68(6):976-79. Nov/Dec. [11 ref]
• Summary: Rows with wheel traffi c compaction on both 
sides had from 20 to 30% less total nodule mass than 
did rows with wheel traffi c on only one side. Nontracted 
interrows had a greater percentage of nodule mass in the 
upper 30 cm. Control of wheel traffi c offers a means of 
altering N fi xation. Address: North Central Soil Conservation 
Research Center, North Central Region, ARS, USDA, 
Morris, Minnesota, in cooperation with the Minnesota Agric. 
Exp. Station.

1977. Anders, M. 1976. Soybean variety studies in Tonga. 
Fiji Agricultural Journal 38(2):77-80. July/Dec. New Series. 
[3 ref]
• Summary: On 10 March 1971, in the fi rst experiment, 
eighteen soyabean varieties were directly seeded into 
three replications of a completely randomized block fi eld 
design. Each plot contained rows 15 meters long, with 90 
cm between rows and 4 cm between plants. The soil was 
Vaini Clay, which consists of two volcanic ash layers over a 
limestone coral base. The seeds were not inoculated. The plot 
was fertilized and sprayed with Maneb and Sevin for disease 
and insect control. Each plot was harvested 110 to 142 days 
after sowing.
 On 8 April 1971, in experiment No. 2, six more varieties 

were planted. On 4 August 1971, in experiment No. 3, 
sixteen varieties were planted; all but two had been used in 
trials 1 or 2. In replication 4, seed inoculation was fi rst used. 
On 27 June 1973, in experiment No. 4, nine varieties were 
planted, only two of which had appeared in the 1971 trials. 
Seed inoculation was used for all varieties. Observations 
on individual plants showed that seed inoculation increased 
plant yield by about 50%. Photoperiodicity was found to be 
an extremely critical factor. Varieties in Maturity Groups VI-
VIII were found to be best adapted to the shorter daylengths 
of lower latitudes and Tonga winter.
 Table 1 shows the results (days to harvest and yield in 
tonnes/ha) of the four fi eld experiments using 35 varieties 
tested. Another 32 varieties were grown in observation plots 
in Tonga during 1971 to 1976.
 After evaluating all the yield and timing observations, 
six varieties were selected as having potential as good 
producers in Tonga for specifi c planting times: HLS 147 
(best yield of all varieties and all trials: 3.8 tonnes/ha), Heron 
36, Improved Pelican, Davis, and Clark 63. Jupiter was 
selected as having potential for extended planting times.
 Note 1. This document contains the earliest date seen for 
soybeans in Tonga or the cultivation of soybeans in Tonga 
(10 March 1971). The source of these 1971 soybeans is 
unknown but HLS 147 probably came from Tanzania–where 
“HLS” stands for “Hernon Light Speckled” (see Auckland 
1966). The source of the soybeans planted in June 1973 was 
INTSOY at the University of Illinois.
 Note 2. Letter from Tevita F. Holo, Head of Research 
Division, Ministry of Agriculture and Forestry, Research 
Division, Vaini Research Station, P.O. Box 14, Nuku’alofa, 
Kingdom of Tonga. The location of the 1971 soybean trial 
was at the Vaini Research Station, Nualei, 8 miles east of 
Nuku’alofa, which in 1990 became the capital of Tonga.
 Note 3. Other documents show that the author’s full 
name is Merle M. Anders. Address: Research Div., Ministry 
of Agriculture, Tonga.

1978. Quebedeaux, Bruno; Havelka, U.D.; Livak, K.L.; 
Hardy, R.W.F. 1976. Effect of altered pO2 in the aerial part 
of soybean on symbiotic N2 fi xation. Plant Physiology 
56(6):761-64. Dec. [18 ref]
• Summary: Nitrogen fi xation was increased by CO2/
O2 ratios greater than ambient. Effects of altered pO2 
were consistent with the hypothesis that the amount of 
photosynthate available to the nodule may be the most 
signifi cant primary limiting factor in N2 fi xation, while sink 
activity of the reproductive structures may be a secondary 
factor. Address: Central Research and Development Dep., 
Experiment Station, E.I. du Pont de Nemours and Company, 
Wilmington, Delaware 19898.

1979. Rensburg, H. Jansen van; Strijdom, B.W.; Kriel, M.M. 
1976. Necessity for seed inoculation of soybeans in South 
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Africa. Phytophylactica (South Africa) 8(4):91-96. Dec. [23 
ref. Eng; afr; fre]
• Summary: “An attempt was made to determine if seed 
inoculation of soybeans (Glycine max) was necessary in 
South African soils containing slow-growing rhizobia of the 
cowpea miscellany. None of 49 slow-growing Rhizobium 
strains from a culture collection, isolated from 25 legume 
species, was able to induce an effective response on 
soybeans; ineffective nodules were incited by 25 of these 
strains.”
 A survey of 98 soya bean fi elds on 43 farms showed 
that soya beans inoculated with Rhizobium japonicum were 
generally better nodulated than uninoculated ones grown in 
soils on which soya beans had been cultivated before. 49 
other Rhizobium strains, isolated from 25 legume species 
other than soya beans, were unable to effectively inoculate 
soybeans. Uninoculated plants in soils which had not 
previously been planted to soya were devoid of nodules, 
or contained only a few ineffective ones. Address: Plant 
Protection Research Inst., Pretoria, South Arica.

1980. Williamson, A.J.P. 1976. Soybeans in Queensland. 
Queensland Agricultural Journal 102(6):573-82. Nov/Dec.
• Summary: Contents: Introduction. Uses of soybean (and 
production in Queensland). The soybean plant. Varieties. 
Description of varieties. Rotation. Soils, fertilizer and 
nodulation. Land preparation and tillage. Time of planting. 
Row and plant spacings. Planting. Irrigation. Pests and 
diseases. Harvesting. Yields. Seed handling and storage. 
Fodder and hay. Marketing. Soybeans in the regions.
 Soybean production in Queensland has risen from 749 
tonnes in 1963 to a current peak of 52,542 tonnes in 1975. 
During the same period yield has grown from 447 kg/ha 
to 1,592 kg/ha. As production has grown, imports have 
dropped and Queensland has become more self-suffi cient. 
In 1966 Queensland produced only 1.35% of the soybeans 
it consumed. By 1975 this fi gure had risen to 90.23%. “The 
main areas of production in Queensland are the Darling 
Downs, the West Moreton and the South Burnett regions.” 
Address: Agriculture Branch, Queensland, Australia.

1981. Brockwell, J.; Gault, R.R. 1976. Effects of irrigation 
water temperature on growth of some legume species in 
glasshouses. Australian J. of Experimental Agriculture and 
Animal Husbandry 16:500-05. *
• Summary: The form and growth of soybean, lablab and 
cowpea showed signifi cant response to daily irrigation with 
water adjusted to temperatures between 5º and 30ºC, but 
lupin and bean (Phaseolus vulgaris) were not affected. No 
nodulation differences occurred with any species. Address: 
CSIRO, Canberra, ACT, Australia.

1982. Dart, P.; Day, J.; Islam, R.; Dobereiner, J. 1976. 
Symbiosis in tropical grain legumes: some effects of 

temperature and the composition of the rooting medium. In: 
P.S. Nutman, ed. 1976. International Biological Programme, 
No. 7. Symbiotic Nitrogen Fixation in Plants. Cambridge, 
England, and New York, NY: Cambridge University Press. 
xxviii + 584 p. See p. 361-86. Meeting held Sept. 1973 at 
Edinburgh, Scotland. [Eng]*
• Summary: At 21ºC there was little difference in N fi xation 
by soybean plants inoculated with Rhizobium strains 
CB1809, Sm1b or CC705. At 27º, and moreso at 33º, Smlb 
was the most effective. In Cicer, no nodules were formed 
above 32º, but nodules functioned over a range of 6-40º 
with greatest nitrogenase activity between 24 and 33º. Vigna 
mungo and V. radiata plants grew poorly in quartz sand grit, 
but grew well if this was amended with 10% clay loam. 
Address: Brazil.

1983. Decau, J.; Buoniols, A.; Mondies, M.; Pace, A.; Pujol, 
B. 1976. Soybean (Glycine max L. Merr.) nitrogen nutrition. 
Estimate of symbiotic nitrogen fi xation and unsymbiotic 
nitrogen uptake from nitrate content. Comptes Rendus de 
l’Académie des Sciences, Serie D, Sciences Naturelles 
283(7):773-. [Fre]*

1984. Diatloff, A.; Brockwell, J. 1976. Ecological studies 
of root nodule bacteria introduced into fi eld environments. 
4. Symbiotic properties of Rhizobium japonicum and 
competitive success in nodulation of two Glycine max 
cultivars by effective and ineffective strains. Australian J. of 
Experimental Agriculture and Animal Husbandry 16:514-21. 
*
• Summary: CB1809 was ineffective with the related 
cultivars Hardee and Geduld, but was highly effective with 
cv. Hampton. CB1809 suppressed nodule formation by 
effective strains with Hardee, but there was no evidence that 
such suppression occurs in natural populations of rhizobia. 
Address: DPI, Indooroopilly, Queensland, Australia.

1985. Durovray, J. 1976. Bilan de huit années de recherches 
sur le soja en Sénégal [Evaluation of eight years of soybean 
research in Senegal]. Bambey, Senegal: ISRA-CNRA de 
Bambey. 70 p. [Fre]*
• Summary: ISRA is the Institut Sénégalais de la Recherche 
Agricoles (Senegalese Institute of Agronomic Research). As 
of Oct. 1994 it is located in Dakar, Senegal.

1986. Ham, G.E.; Evans, S.D.; Randall, G.W. 1976. Effect of 
inoculating soybeans with Rhizobium japonicum. Soil Series, 
Univ. of Minnesota, Agricultural Extension Survey 97:178. *

1987. Konno, S. 1976. Possibility of increasing the 
productivity of soybean. In: Y. Kondo, ed. 1976. Perspective 
in Technical Development of Self-Support of Food. Tokyo, 
Japan: Norin Tokei Kyokai. See p. 121-34, *
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1988. Konova, L.; Raicheva, L.; Rainova, 
L. 1976. [Receptivity of different soybean 
varieties to Rhizobium japonicum nodule 
bacteria]. Rastenievud Nauk (Bulgaria) 
13(2):24-31. [Bul]*

1989. Kumar, S.; Singh, H.P.; Tilak, K.V.B.R. 
1976. Response of different genotypes of 
soybean to inoculation with various composite 
cultures of Rhizobium japonicum. Pantnagar J. 
of Research 1(1):30-32. *

1990. Lam-Sanchez, A.; Awad, M. 1976. 
Effects of simazine and molybdenum on 
the yield, protein content and nodulation of 
soybean (Glycine max (L.) Merril) and of 
simazine on the yield and protein content 
of kidney beans (Phaseolus vulgaris L.). 
Cientifi ca (Brazil) 4(1):56-58. [Por]*

1991. Rabb, J.L.; Willis, L.D.; Dunigan, E.P. 
1976. Soybean inoculation research. Annual 
Research Report, Red River Valley Agricultural 
Experiment Station, Louisiana p. 116-17.
• Summary: Note: This article is in a section titled “Soybean 
Research” (p. 104-118) which contains 5 articles.
 Inoculation with liquid, granular and peat inoculum 
applied at rates up to 50 times recommended rate did not 
signifi cantly affect the yield of soybeans. The control (no 
inoculum) plants produced more nodules with greater nodule 
weight per 3 plants than all except soil implant granular 
inoculum tested plants, but yields in these were lower than in 
the control. Address: 1-2. Asst. Profs. of Agronomy, Agric. 
Exp, Station, Bossier City, Louisiana.

1992. Sistachs, M. 1976. Inoculation and nitrogen fertilizer 
experiments on soybeans in Cuba. In: P.S. Nutman, ed. 
1976. International Biological Programme, No. 7. Symbiotic 
Nitrogen Fixation in Plants. Cambridge, England, and New 
York, NY: Cambridge University Press. xxviii + 584 p. See 
p. 281-88. Meeting held Sept. 1973 at Edinburgh, Scotland. 
[Eng]*
Address: Instituto de Ciencia Animal, Havana, Cuba.

1993. Zhgenti, M.P.; Chachua, L.Sh.; Ramishvili, N.M. 
1976. The infl uence of various forms of nitrogen and 
bacterization on the growth and development of soybean 
under sterile pot experiment conditions. Soobscenija 
Akademii Nauk Gruzinskoj SSR (Bulletin of the Academy of 
Sciences of the Georgian SSR) 82(1):197-200. [Geo]*
Address: ARS, USDA, Urbana, IL, USA.

1994. Brill, Winston J. 1976. Genetics of the bacterium, 
Rhizobium japonicum. In: L.D. Hill, ed. 1976. World 

Soybean Research [Conference I: Proceedings]. Danville, 
Illinois: Interstate Printers and Publishers, Inc. xvii + 1073 p. 
See p. 151-55. [16 ref]
• Summary:  “One of the most important properties of 
soybean is the ability of this plant to grow well without 
addition of fertilizer N. This property is due to the intimate 
symbiosis of Rhizobium japonicum in nodules formed on the 
root of the host plant. Most of the plant cells in the nodule 
are packed with R. japonicum cells that are surrounded 
with the red pigment, leghemoglobin.” A scanning electron 
micrograph of the bacteria in a single broken nodule cell 
is seen in Figure 1. Address: Dep. of Bacteriology and The 
Center for Studies of N2 Fixation, Univ. of Wisconsin, 
Madison, WI.

1995. Brun, W.A. 1976. The relation of N2 fi xation to 
photosynthesis. In: L.D. Hill, ed. 1976. World Soybean 
Research [Conference I: Proceedings]. Danville, Illinois: 
Interstate Printers and Publishers, Inc. xvii + 1073 p. See p. 
135-43. [12 ref]
• Summary: “In spite of the large amount of research on 
symbiotic N2 fi xation in soybeans and other legumes, there 
still exists a critical need for further elucidation of the 
controlling parameters of this process under fi eld conditions. 
A number of recent investigations [4, 5, 6, 7, 8] have implied 
that the supply of photosynthetic substrates to soybean 
nodules may constitute one severely limiting factor to N2 
fi xation. What I would like to do today is to briefl y review 
some of the evidence which points in this direction and then 
speculate a little on the implications of such a control system 
and how we, as crop physiologists, can hope to capitalize on 
our understanding of this limitation.
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 “First of all, there is a fairly large body of literature 
(which I am not going to review) on the biochemical 
requirements of the process. Most of this work has been 
done with free-living microbial N2 fi xers, either aerobic 
or anaerobic. In general the process requires at least three 
things besides the nitrogenase enzyme: (1) A reductant. This 
appears to be ferredoxin in Clostridium and other anaerobic 
bacteria, while in aerobic bacteria it may be NADPH. (2) 
An energy source in the form of ATP. In the nodule this 
presumably comes primarily from oxidative phosphorylation 
of respiratory substrates supplied by the host. For this reason 
symbiotic N2 fi xation requires 02, although the nitrogenase 
enzyme system itself is anaerobic and only capable of 
functioning in an aerobic environment in the presence of 
leghemoglobin. (3) Some metabolic system for the removal 
of the NH produced. This involves the synthesis of amides 
and amino acids and requires carbon skeletons supplied 
by the host metabolism.” Address: Assoc. Prof., Dep. of 
Anatomy and Plant Genetics, The Univ. of Minnesota, St. 
Paul, MN.

1996. Criswell, J.G.; Hardy, W.F.; Havelka, U.D. 1976. 
Nitrogen fi xation in soybeans: measurement techniques and 
examples of applications. In: L.D. Hill, ed. 1976. World 
Soybean Research [Conference I: Proceedings]. Danville, 
Illinois: Interstate Printers and Publishers, Inc. xvii + 1073 p. 
See p. 108-24. [78 ref]
• Summary: Three quantitative approaches are discussed: 
nodule number, mass and leghaemoglobin concentration; 
N-analysis of the plant, including 15N2 enrichment; and the 
acetylene reduction assay. Methodology, limitations and 
applicability of each approach is discussed. The preferred 
standard is 15N2 enrichment. Address: Central Research and 
Development Dep., E.I. du Pont de Nemours and Company, 
Wilmington, Delaware.

1997. Criswell, Jerome G.; Havelka, U.D.; Quebedeaux, 
B.; Hardy, R.W.F. 1976. Adaptation of nitrogen fi xation by 
intact soybean nodules to altered rhizosphere pO2. Plant 
Physiology 58(5):622-25. Nov. [23 ref]
• Summary: Continuous exposure to a pO2 of 0.06 
atmospheres initially reduced nitrogenase activity by 37 to 
45%, with restoration to original activity in 4 to 24 hours 
and no further changes up to 95 hours. Continuous exposure 
to 0.02 atmosphere of O2 initially reduced activity 72%, 
with only partial recovery by 95 hours. Exposure to a pO2 
of 0.32 atmospheres had little effect. At 0.89, activity was 
initially reduced by 98%, with restoration to only 14 to 
24% of ambient controls after 95 hours. A time period was 
required for readaptation to ambient. The internal adaptive 
mechanism is undefi ned. Address: Central Research and 
Development Dep., Experimental Station, E.I. du Pont de 
Nemours & Co. Inc., Wilmington, Delaware 19898.

1998. Flengmark, Poul; Augustinussen, Erik. 1976. Dyrkning 
af soyabønner (Glycine max (L.) Merrill) [Growing of 
soyabean, Glycine max (L.) Merrill]. Tidsskrift for Planteavl 
(Denmark) 80(3):411-23. [15 ref. Dan; eng]
• Summary: From 1968 to 1974 seven soybean cultivars 
were planted at 3 sites in Denmark. The sites were Roskilde, 
Borris, and Roenhave. The varieties were: Portage, Dr. 
Donovans 052-903, and Altona (all from Canada), Fiskeby 
V (from Sweden), TFS 7 and TFS 10 (from France), and 
Warsjawska (from Poland). The fi rst seeds were planted on 4 
May 1968.
 Seed yields ranged from a low of 0.52 tonnes/ha in the 
cultivar Portage to a high of 2.37 tonnes/ha in the cultivar 
Dr. Donovans 052-903. The cultivars Fiskeby V and Balestat 
were also suitable for growing in Denmark. Planting in mid-
May generally gave higher seed yields than earlier or later 
planting. Planting at a depth of 2 cm in moist conditions and 
at 4 cm in dry conditions gave the best emergence. Planting 
deeper than 4 cm resulted in poor emergence. Populations 
of 17 and 26 plants per square meter gave seed yields of 
1.58 tonnes/ha and 1.8 tonnes/ha respectively. Covering 
the plats with transparent and black plastic fi lm accelerated 
emergence by 5-7 days and 2-4 days respectively compared 
with uncovered plots, but seed yield was not affected. Seed 
inoculation with Rhizobium japonicum resulted in poor 
development of nodules on plants growing on plots where 
soybeans had not been grown previously, whereas nodule 
development was plentiful on plots where soybeans had been 
grown before, whether or not the seed had been inoculated. 
Increasing applied nitrogen from 40 kg/ha to 120 kg/ha 
decreased nodule development but increased seed yields. 
Address: Statens Forsoegsstation, Roskilde, Denmark.

1999. Ham, G.E. 1976. Competition among strains of 
rhizobia. In: L.D. Hill, ed. 1976. World Soybean Research 
[Conference I: Proceedings]. Danville, Illinois: Interstate 
Printers and Publishers, Inc. xvii + 1073 p. See p. 144-50. 
[34 ref]
• Summary: “More effi cient nitrogen fi xing bacteria 
(Rhizobium japonicum) seem to be one of the means of 
obtaining effi ciency and stability of soybean yields. Strains 
of rhizobia present in the soil may not fi x suffi cient nitrogen 
for maximum yields. A strain consists of a pure culture of 
rhizobia composed of the descendents of a single isolation. 
The strains of R. japonicum can be distinguished from each 
serologically, but other characteristics of the strains can be 
used as criteria for separation. The most economical way to 
provide additional nitrogen for maximum soybean yields is 
through the use of more effective strains of R. japonicum.
 “Nodule formation on soybean roots is not a sure 
indication that nitrogen fi xation is taking place. Some 
rhizobia induce nodule formation and subsist within the 
roots without adding any nitrogen to the plant and are called 
ineffective. Other rhizobia are very effective and the nodule 
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supply enough nitrogen for excellent plant growth, while 
many rhizobia are intermediate in nitrogen fi xation.
 “Inoculation is not simply a matter of providing 
compatible, effective rhizobia for soybeans in a soil which 
has no soybean rhizobia present. Today, inoculation must 
meet the challenge of providing superior strains in the 
inoculum and of inoculating in a manner which will establish 
the inoculated strains in the nodule of soybeans on soils 
containing other naturalized strains of rhizobia.
 “Competition among strains of rhizobia occurs in broth 
and peat [20, 31] and in the rhizosphere of the legume 
[24, 25, 32]. Such competition can result in rapid changes 
in the proportions of strains in a common environment. 
Competition for available infection sites on roots also occurs 
[2, 3, 17] and is known to be largely independent of the 
relative numbers of the bacterial strains to which the roots 
are exposed. Dominance of a given strain of rhizobia in 
cultures or on roots appears to be independent of nitrogen 
fi xing ability.” Address: Assoc. Prof., Dep. of Soil Science, 
The Univ. of Minnesota, St. Paul, MN.

2000. Harper, J.E. 1976. Contribution of dinitrogen and 
soil or fertilizer nitrogen to soybean... production. In: L.D. 
Hill, ed. 1976. World Soybean Research [Conference I: 
Proceedings]. Danville, Illinois: Interstate Printers and 
Publishers, Inc. xvii + 1073 p. See p. 101-07. [11 ref]
• Summary: “Introduction: The reported amounts of nitrogen 
derived by soybeans... from soil or fertilizer sources and 
from symbiotic N2 fi xation are quite variable. Gibson [1] 
recently reviewed some of the physiologically important 
factors affecting nodule formation and function, including 
genetic compatibility, temperature, oxygen tension, light, 
moisture, and soil nitrogen status. In addition, Hardy and 
Havelka [2] summarized several factors which affect N2 
fi xation through an effect on photosynthate availability; 
these included source size (amount of foliage, plant density, 
and lodging), competitive sinks (developing pods), and 
environmental alteration (CO2 enrichment). In all instances, 
factors which increased the amount of photosynthate 
available to the nodules resulted in a stimulation of 
symbiotic N2 fi xation. That photosynthate supply is critical 
in nodule function was also reported by Lawn and Brun [8] 
where imposed conditions of supplemental light and partial 
depodding stimulated N2(C2H2) fi xation over the control 
while shading and partial defoliation decreased N2(C2H2) 
fi xation.
 “Of the many factors which affect levels of symbiotic 
N2 fi xation, soil nitrogen status appears to be the one factor 
which alters N2 fi xation levels most extensively under 
normal fi eld production.” Address: U.S. Regional Soybean 
Laboratory, Plant Physiologist, USDA, ARS, Univ. of 
Illinois, Urbana-Champaign.

2001. Hill, Lowell D. ed. 1976. World Soybean Research 

[Conference I: Proceedings]. Danville, Illinois: Interstate 
Printers & Publishers, Inc. xvii + 1073 p. Held 3-8 Aug. 
1975 at Champaign, Illinois. Illust. No index. 25 cm. [1000+ 
ref]
• Summary: The book contains the following major 
divisions: Foreword. Preface. 1. Production (p. 5-374): 
Growth habits and cultural practices, fertilization and 
nitrogen fi xation, equipment, genetics and varietal research, 
techniques of research and selection. 2. Protection (p. 
375-638): Control of soybean pests, weed control, disease 
control, insect control (incl. nematodes). 3. Economics of 
marketing and production (p. 639-774): World trade and 
competition, price relationships, storage and transportation. 
4. Utilization (p. 775-998): Food products and human 
consumption. Animal feed. 5. Summing up (p. 999-1024). 
Contributed papers–authors and titles. Authors of invited 
papers (directory of 199 authors). List of participants 
(directory by country of 522 people).
 Note 1. 622 people from 48 countries attended this fi rst 
World Soybean Research Conference. It was held on 3-8 
August 1975 at the Ramada Inn, Champaign, Illinois. 168 
papers were presented at the 5-day session. The Conference 
was sponsored by the University of Illinois, Illinois Natural 
History Survey, USDA, U.S. Agency for International 
Development, and the National Soybean Crop Improvement 
Council.
 Note 2. These are the proceedings of the world’s fi rst 
international soybean research conference, held in Aug. 1975 
at Champaign, Illinois. Address: Univ. of Illinois, Urbana-
Champaign.

2002. Holl, F.B.; LaRue, T.A. 1976. Host genetics and 
nitrogen fi xation. In: L.D. Hill, ed. 1976. World Soybean 
Research [Conference I: Proceedings]. Danville, Illinois: 
Interstate Printers and Publishers, Inc. xvii + 1073 p. See p. 
156-63. [25 ref]
• Summary: “Symbiotic dinitrogen fi xation in legumes 
involves a complex genetic and physiological interaction 
between the host plant and the invading bacteria. Voorhees 
[23] in 1915 noted “... that different varieties of the same 
legume bear different and defi nite powers of resistance to 
association with symbiotic bacteria.” This early recognition 
of the contribution of the host genotype to dinitrogen 
fi xation has not been exploited by legume breeders. Despite 
the potential contribution of symbiotic fi xation to protein 
yield, we are still largely ignorant of the genetic features 
of the infection and fi xation processes. Breeders have 
seldom consciously selected for desirable dinitrogen fi xing 
properties, and the dinitrogen fi xing capacity of new lines is 
seldom evaluated.
 “Microbiologists have attempted to increase symbiotic 
dinitrogen fi xation by selecting more effective bacterial 
strains, but little success has been attained in introducing 
novel Rhizobium strains into areas where populations of 
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rhizobia are already established.
 “The host is involved in the process of infection, nodule 
development and fi xation. We have proposed a conservative 
estimate of 10 host genes in which mutation would alter 
the symbiotic association [10]. Because factors infl uencing 
nodulation and the amount of fi xation are located in the 
plant, it is the identifi cation and manipulation of this plant 
genetic material that we should now investigate.
 “This review will briefl y summarize what is known of 
host plant genetics.”
 Note 2. This is the earliest document seen (Nov. 
2018) that mentions the word “mutation” (or mutations) 
in connection with nitrogen fi xation in soybeans. Address: 
National Research Council of Canada, Prairie Regional Lab., 
Saskatoon, Saskatchewan.

2003. Konova, L.; Raicheva, L.; Rainova, L. 1976. 
Vazpriemchivost na sortovete soia kam grudkovite bakterii 
[Receptivity of soybean varieties to Rhizobium japonicum 
root nodule bacteria]. Rastenievudni Nauki (Plant Science, 
Bulgaria) 13(2):31. [Bul]
• Summary: Eleven soybean varieties were studied in 1972 
and 1973 with regard to their receptivity to soybean root 
nodule bacteria; the strain 646 was used since it proved 
virile and hardy under this country’s soil conditions. The 
most receptive varieties were Maksimir S-45, Monroe, 
Blackhawk, Szürkebarat, and Pavlikeni 2. All varieties tested 
were receptive to the indicated nodule bacteria. Address: 1. 
Inst. of Genetics and Plant Breeding; 2. “N. Poushkarov” 
Inst. of Agrology; 3. State Variety Commission. All: Sofi a, 
Bulgaria.

2004. LaRue, T.A.; Kurz, W.G.W.; Child, J.J. 1976. 
Asymbiotic dinitrogen fi xation by Rhizobium spp. In: L.D. 
Hill, ed. 1976. World Soybean Research [Conference I: 
Proceedings]. Danville, Illinois: Interstate Printers and 
Publishers, Inc. xvii + 1073 p. See p. 164-69. [23 ref]
• Summary: “An intriguing problem for scientists interested 
in symbiotic dinitrogen fi xation has been the apparent 
dependence of Rhizobium on its legume plant host. The 
inability of researchers to demonstrate dinitrogen fi xation by 
free-living rhizobia led to the proposal that legumes provide 
genetic information required by the bacteria before they are 
able to synthesize the dinitrogen-fi xing enzyme system [5]. 
In the past few years, indirect evidence has accumulated 
indicating that rhizobia are not necessarily restricted to a 
legume host [23], possess the genes for nitrogenase [6] and 
can synthesize at least the MoFe protein of nitrogenase 
[1]. Recent work in several laboratories has resolved this 
problem by showing that some rhizobial strains, in particular 
cowpea strain 32H1, are capable of dinitrogen fi xation during 
axenic growth on simple defi ned media [11, 12, 15, 16, 22].
 “The importance of this fi nding, and the wish to make 
the information available, understandably resulted in short 

publications which were sketchy in procedure and limited 
in data. This paper outlines the experiments leading to the 
discovery and summarizes some of the data described in the 
initial publications.” Address: National Research Council of 
Canada, Prairie Regional Lab., Saskatoon, Saskatchewan.

2005. Lawn, R.J.; Byth, D.E. 1976. Soybean. In: J.V. Lovett 
and Alec Lazenby, eds. 1976. Australian Field Crops. Vol. 2: 
Tropical Cereals, Oilseeds, Grain Legumes and Other Crops. 
Sydney: Angus & Robertson Publishers. 328 p. See p. 198-
231. [152 ref]
• Summary: An excellent review of the literature from 
an Australian viewpoint. Contents: Introduction. Uses. 
Taxonomy, origin, and distribution. Morphology. Crop 
growth and development: Seedling establishment, vegetative 
and development, reproductive growth and development, 
root growth, nodulation and nitrogen fi xation. Eco-physical 
basis of adaptation: Photoperiod, temperature, soils, water 
requirements. Soybean improvement in Australia: Plant 
introduction, cultivars in Australia, soybean breeding, 
priorities for breeding in Australia (germplasm base, 
breeding for specifi c environmental adaptation, diseases 
and insects, seed quality, nutritional responses). Agronomic 
principles and practice: Planting date, population and row 
width, planting, weed control, pests and diseases (insects, 
diseases). Research needs.
 The soybean belongs to the family Leguminosae, sub-
family Papilionoideae, and the genus Glycine L. The fi rst 
formal soybean breeding program in Australia was started 
by CSIRO in 1958 in southeastern Queensland; prior to 
that useful selection had been conducted by the Queensland 
Department of Primary Industries. Until the late 1960s 
only small soybean areas existed in Australia (500-2,000 
ha) mainly in the South Burnett region. Major expansion 
began in 1970-71, and has continued to the present, so that 
Australian production is now nearing local demand. Most 
of the current commercial soybean production occurs in 
Queensland, in the Darling Downs and St. George, the 
Fassifern, Lockyer and Brisbane Valleys, and the South 
Burnett region. The major production area in New South 
Wales is centered in the Gwydir and Naomi Valleys on 
the northwestern plain, with smaller areas in the coastal 
Northern Rivers District, and in the Lachlan and Macquarie 
Valleys of the central west. Irrigated farms account for 
most of the soybean area, particularly in New South Wales. 
It appears likely that most of the production will continue 
to be irrigated in the in the major grain-producing areas 
of Australia, although dryland acreage is expanding in the 
coastal and sub-coastal areas, an in northern Queensland. 
“Most of the current soybean production in Australia is 
carried out under contract to the major processors, and is 
used primarily for oil and meal production.”
 In recent years, active soybean introduction and/
or evaluation programs have been pursued by various 
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organizations in Queensland and New South Wales, and to a 
lesser extent in other states of Australia. Most of the current 
cultivars are direct accessions of named cultivars from the 
USA. Exceptions include the cultivars Wills and Semstar 
(farmer releases in Queensland, and the most widely grown 
cultivars, particularly in Queensland) and Gilbert, Ross, 
and Daintree. The last three cultivars were developed from 
a cross of Mamloxi (CPI 17192 from Nigeria) x Avoyelles 
(CPI 15939 from Tanzania) by D.E. Byth, and were released 
for low latitude use in 1970-71. Address: 1. CSIRO Div. 
of Tropical Crops and Pastures, Brisbane; 2. Dep. of 
Agriculture, Univ. of Queensland, Australia.

2006. Mugwira, L.M.; Patel, K.I. 1976. Soybean growth 
and composition as affected by K, Ca and Mg rates and corn 
rotation. Communications in Soil Science and Plant Analysis 
7(3):319-30. [17 ref]
• Summary: “Abstract: Different rates of K, Ca, and Mg 
were applied to bulklots of Decatur clay loam (pH 5.8) which 
had been collected from an area under natural vegetation. 
Nitrogen and P were each applied at the rate of 100 ppm. 
Soybean (Glycine max L.) and corn (Zea mays L.) were 
planted to pots in four replications of each treatment. Plants 
were grown for 6 weeks and subsequently all the pots were 
re-planted to soybeans. This crop rotation was repeated until 
six crops had been harvested from each pot.
 “Potassium fertilization did not affect soybean growth 
but increased the dry matter of corn plants. Calcium 
application affected the growth of neither crop, but Mg 
addition to the soil reduced the growth of both crops. The 
composition of the plants generally refl ected the available 
amounts of each nutrient. Additionally, Mg consistently 
decreased K in soybeans but increased Mn in the two crops. 
The inclusion of corn in rotation with soybeans resulted in 
the following effects on the succeeding soybean harvests: 
more tolerance to high Mg, greater reduction of plant Ca and 
Mg caused by K application, and lower levels of available 
K and Mn in soils and soybeans. However, the greater 
rate of depletion of soil K and Mn under corn rotation did 
not appear to affect the dry matter yields of the following 
soybean plants relative to the plants under the continuous 
soybean cropping system.” Address: Dep. of Natural 
Resource and Environmental Studies, Alabama A&M Univ., 
Normal, AL 35762.

2007. Nash, Dudley T.; Schulman, H.M. 1976. 
Leghemoglobins and nitrogenase activity during soybean 
root nodule development. Canadian J. of Botany 
54(24):2790-97. [46 ref]
• Summary: A slower rate of increase of leghemoglobin 
content compared with that of nitrogenase activity results 
in a progressive decline in the ratio of the former to the 
latter throughout plant development and senescence. At 
fl owering, leghemoglobin content represented 40% of the 

total soluble protein of the nodules. Nitrogenase activity was 
induced in free-living rhizobia in the absence of detectable 
leghemoglobin. Address: Lady Davis Inst. for Medical 
Research, Jewish General Hospital, 3755 Cote St-Catherine 
Rd., Montreal, QUE, Canada.

2008. Newton, William E.; Nyman, C.J. eds. 1976. 
Proceedings of the 1st International Symposium on Nitrogen 
Fixation. 2 vols. Pullman, Washington: Washington State 
University Press. 717 p. Held 3-7 June 1974 at Pullman, 
Washington. Illust. 23 cm.
• Summary: Note: Sponsored by the Charles F. Kettering 
Research Laboratory and Washington State University.

2009. Nutman, P.S. ed. 1976. Symbiotic nitrogen fi xation 
in plants. Cambridge, England & New York: Cambridge 
University Press. xviii + 584 p. Illust. Index. 24 cm. Series: 
International Biological Programme 7. [150+* ref]
• Summary: The table of contents is given in English, 
French, Russian, and Spanish–an innovation.
 Page 270. Soy is mentioned in Table 9.3 “Representative 
estimates of N2 fi xation by various legumes.” According to 3 
sources, soybeans fi x and estimated 20-200 kg of N2 per ha.
 On pages 303-04 is a section titled “Soybean group,” 
which states that the “soybean is still the only host species 
list in this [cross-inoculation] group but considerable 
specifi city has emerged between host lines and rhizobial 
strains, both for effectiveness of fi xation and nodulation.”
 Pages 317-18 contain a section on soybean inoculants. 
Address: Rothamsted Experimental Station, Herpenden, 
Hertfordshire, England.

2010. Quebral, Florendo C.; Cagampang, I.C.; Herrera, 
W.A.T.; Mendoza, E.R.; Mondragon, R.L.; Payumo, E.M.; 
Ragus, L.N. 1976. The Philippines recommends for soybean 
1976. Los Banos, Laguna, Philippines: PCARR. vi + 68 p. 
Illust. 24 cm. Reissued in 1978. [50 ref]
• Summary: Contents. Foreword. Acknowledgment. 
Introduction. 1. Nutritive value. 2. Utilization. 3. Cost and 
return analysis of soybean production. 4. Marketing. 5. 
Cultural management: Selection of varieties, adaptation (soil 
and climate requirements), land preparation, inoculation, 
planting, water management, fertilization, crop protection. 
6. Post-harvest handling: Threshing, drying, storage. 7. 
Soybeans in multiple cropping. 8. Seed production. 9. 
References. Appendices: A. Standardization of soybean. 
B. Multifarious uses and preparation of soybean and 
by-products. C. Climate in the Philippines. D. Available 
inoculants and their distributors. E. Symptoms and fi rst aids 
for pesticide poisoning. F. Addresses of manufacturers and 
distributors of pesticides. G. Glossary. Appendix tables. 
Tables. Figures.
 A summary of soybean area, production, and yield in 
the Philippines, 1959-1975 follows: The number of hectares 
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used for planting soybeans went from 1,690 ha. in 1959 up 
to 2,200 ha. in 1962, and then decreased annually until it 
was only 1,240 ha. in 1973. However, a record high of 2,780 
ha. was reached in 1974, followed by 2,018 ha. in 1975. 
Production of soybeans was low in 1959-60, only 571.8 
and 981.3 tons, respectively. By 1962, however, production 
had increased to 2,066.9 tons, but decreased steadily over 
the years until 1974. In 1974, a maximum of 2,214.0 tons 
was produced. The corresponding annual yields (tons/ha.) 
refl ect the sharp rise of soybean production in 1961-62 and 
the ensuing decline of the industry throughout the rest of the 
1960s and early 1970s, until 1974, when production soared 
to new heights. Address: PCARR (Philippine Council for 
Agriculture and Resources Research), Los Baños, Laguna, 
Philippines.

2011. Saadat, N.; Firuzeh, P. 1976. Der Einfl uss der 
N-Duengung und Aussaatzeit auf den Ertrag und den Oel- 
und Eiweissgehalt von Sojabohnen an einem semiariden 
Standort des Iran [The effect of nitrogen fertilizers and 
sowing time on yield and on oil and protein contents of 
soybean in a semi arid location in Iran]. Landwirtschaftliche 
Forschung 29(2):170-76. [8 ref. Ger; eng; fre]
• Summary: Trials with seven early maturing soybean 
varieties were conducted at Karadj, Iran, a semi-arid area 
of cultivation. Calland was found to be the best variety for 
yield and quality. The best planting date was May 3. But 
inoculation with bacteria and nitrogen fertilizers should be 
used.

2012. Sloger, Charles. 1976. Biochemistry of N2 fi xation. In: 
L.D. Hill, ed. 1976. World Soybean Research [Conference 
I: Proceedings]. Danville, Illinois: Interstate Printers and 
Publishers, Inc. xvii + 1073 p. See p. 125-34. [30 ref]
• Summary: “Introduction: Together, the soybean plant 
and the Rhizobium japonicum in its root nodules form 
an effi cient and agriculturally important cooperative for 
biological N2 fi xation. Energy is required for this enzymatic 
reaction. The plant produces the potential chemical energy 
by photosynthesis. Photosynthate is translocated to the 
root nodules and there metabolized to produce energy-rich 
compounds which are utilized for the reduction of N2 to 
ammonia, which is then assimilated by the plant. This paper 
will present a concise description of the biochemistry of N2 
fi xation and the essential related pathways occurring in the 
Rhizobium-soybean symbiosis.” Address: Plant Physiologist, 
Cell Culture and Nitrogen Fixation Laboratory, Plant 
Physiology Inst., ARS, USDA, Beltsville, Maryland.

2013. Sprent, Janet I.; Gallacher, A. 1976. Anaerobiosis in 
soybean root nodules under water stress. Soil Biology and 
Biochemistry 8(4):317-20. [19 ref]
• Summary: Evidence led to the conclusion that both water 
defi ciency and excess may depress nitrogenase activity by 

restricting supplies of intermediates from aerobic pathways, 
while fermentative pathways are stimulated leading to 
production of inhibitory concentrations of ethanol. Both 
bacteroids and plant tissues produced ethanol when rendered 
anoxic.
 “Introduction: Both waterlogging and water stress 
depress C2H2 [acetylene] reduction by soybean root nodules 
in a way which is linked to lowered respiratory activity 
(Sprent 1969, 1971).” Address: Dep. of Biological Sciences, 
Univ. of Dundee, DD1 4HN, Scotland.

2014. Stripf, Rainer; Werner, D. 1976. Untersuchungen 
ueber die spezifi schen Aktivitaeten zweier Enzyme des 
N-Stoffwechsls der Symbiose von Glycine max und 
Rhizobium japonicum in Gewebekultursystemen und 
Knoellchen [Investigations into the specifi c activities of two 
enzymes of N-metabolism in Glycine max and Rhizobium 
japonicum symbiosis in tissue culture and nodules]. Berichte 
der Deutschen Botanischen Gesellschaft 91(2-3):575-86. [32 
ref. Ger; eng]
• Summary: “As part of a research programme on the 
differentiation of the legume-rhizobium symbiosis the 
specifi c activities of the transaminases GOT and GPT 
in nodules and in a Glycine max / Rhizobium japonicum 
tissue culture association are compared. The infl uence 
of different growth media on these activities relative to 
protein content and fresh weight was studied. The specifi c 
activities can be regarded as biochemical criteria in the 
strains Acme and Mandarin of G. max in evaluating the 
optimism subculturing period. Nodules of G. max infected 
with R. japonicum have signifi cantly higher GOT and GPT 
activities than uninfected root tissue. In both systems GOT 
activity was several times the GPT activity. Therefore 
these enzymes could be considered as specifi c indicators 
of nodule development. In addition to the estimation of 
nitrogenase activity, transaminase activity could become a 
wider criterion of ‘activity’ of nodules. The tissue culture 
system shows a similar ratio of GOT and GPT activities to 
those in nodules, but the specifi c activities are lower and do 
not increase after addition of rhizobia.” Address: Botanisches 
Institut, Fachbereich Biologie, Univ. of Marburg, Lahnberge, 
Marburg, W. Germany.

2015. Werner, Dietrich. 1976. Nitrogenase-Aktivitaet in der 
in vitro-Symbiose von Rhizobium japonicum und Glycine 
max Zellkulturen und von Rhizobium in Reinkultur auf 
defi nierten Medien Nitrogenase activity in the in vitro 
symbiosis of Rhizobium japonicum and tissue cultures of 
Glycine max, and in Rhizobium in pure culture on defi ned 
media. Berichte der Deutschen Botanischen Gesellschaft 
89:563-74. [16 ref. Eng; ger]
• Summary: Tissue cultures of 3 soybean varieties were 
used to study plant cell infl uence on the differentiation of 
Rhizobium cells and the induction of nitrogenase activity. 
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Soybean variety Chippewa was 4-10 times more effective 
than the variety Caloria in promoting bacterial growth on 
agar surfaces. The excreted plant factors responsible for 
induction of nitrogenase activity were heat stable at 90ºC. 
Address: Prof., Dr., Botanisches Institut, Univ. of Marburg, 
Lahnberge, D-3550 Marburg, Germany.

2016. Criswell, J.G.; Havelka, U.D.; Quebedeaux, B.; Hardy, 
R.W.F. 1977. Effect of rhizosphere pO2 on nitrogen fi xation 
by excised and intact nodulated soybean roots. Crop Science 
17(1):39-44. Jan/Feb. [25 ref]
• Summary: Because of the oxygen sensitivity of 
nitrogenase, the internal pO2 in the nodule must be 
maintained at a low level. Thirty minute exposures to pO2’s 
of 0.26 to 0.41 atmospheres stimulated activity in excised 
roots but not in intact plants. Short exposures to 0.05 
atmospheres reduced fi xation more in excised roots than by 
intact plants. It was concluded that measurement of stress 
effects should be made in intact plants. Address: Central 
Research and Development Dep., Exp. Station, E.I. du Pont 
de Nemours & Co., Wilmington, Delaware 19898.

2017. Hermina, Narges; Reporter, M. 1977. Root hair cell 
enhancement in tissue cultures from soybean roots: a useful 
model system. Plant Physiology 59(1):97-102. Jan. [17 ref]
• Summary: Cultures enriched by cells with root hairs offer 
advantages for studies of in vitro symbiosis. Root cell and 
root hair cell proliferation were obtained when the cells were 
cultured in a medium lacking 2,4-D and kinetin. Root hair 
cells can also be used for studying the initiation of bacterial 
attachment.
 Various photos were taken with a phase contrast 
microscope and a light microscope; see p. 99-10.
 Note: See correction in next issue on p. 102, column 
2, paragraph 3, lines 15-18. Address: Charles F. Kettering 
Research Lab., 150 East South College St., Yellow Springs, 
Ohio 45387.

2018. Sachansky, S. 1977. Effect of inoculation and NPK 
fertilizers on soybean. Tropical Grain Legume Bulletin No. 
7. p. 15-17. Jan. [12 ref]
• Summary: Results show that the inoculation of soybeans 
in the Kilimanjaro are is very important and an inexpensive 
means of increasing soybean seed yield. Adding phosphorus 
is also very important for good seed yield; the rate of 
application depends on soil fertility but should not be 
less than 40-6- kg/ha. It is not necessary to add nitrogen 
to produce good soybean seed yield. Address: A.R.I. 
[Agricultural Research Inst.], Lyamungu, P.O. Box 3004, 
Moshi, Tanzania.

2019. Summerfi eld, R.J.; Huxley, P.A.; Minchin, F.R. 1977. 
Plant husbandry and management techniques for growing 
grain legumes under simulated tropical conditions in 

controlled environments. Experimental Agriculture 13(1):81-
92. Jan. [17 ref]
• Summary: “Summary: Practical solutions are described to 
problems incurred in growing cultivars of cowpea, soyabean, 
lima bean and pigeon pea under simulated tropical conditions 
in controlled environments, namely (a) ‘Saxcil’ growth 
cabinets in which daylength, day and night temperatures, 
light intensity and quality, relative humidity and CO2 
concentration are precisely controlled and can be varied over 
time; (b) compartmentalized glasshouses and adjoining dark 
compartments...”
 Note: Soy is mentioned 6 times in the forms “soyabean” 
and “soyabeans.” Address: Univ. of Reading, Dep. of 
Agriculture and Horticulture Plant Environment Laboratory, 
Shinfi eld, Reading [UK].

2020. Vigue, J.T.; Harper, J.E.; Hageman, R.H.; Peters, D.B. 
1977. Nodulation of soybeans grown hydroponically on urea. 
Crop Science 17(1):169-72. Jan/Feb. [12 ref]
• Summary: Urea providing up to 18 µM N allowed effective 
nodule development and function. Growth on urea proved 
a convenient hydroponic method of producing vigorous 
nodulated soybeans that are capable of fi xing 27 to 71% of 
the total plant N. Address: ARS, USDA, Urbana, IL, USA.

2021. Nitragin Sales Corporation. 1977. Have you been 
looking at the wrong end? Soil Implant(TM) Nitragin makes 
those “N” factories far more productive–the key to extra 
yields (Ad). Soybean Digest. Feb. p. 28.
• Summary: The top half of this full-page ad shows the roots 
of a soybean plant on which are large nodules growing on the 
tap root underground–against an almost black background. 
Below that are the leaves and stem of the plant, so that the 
plant is upside down.
 The text: “These ‘N’ factory nodules clustered on the tap 
root–not on the auxiliaries–are the key to profi table soybean 
yields.
 “The most effective way we know of to get this tap root 
nodulation and increase yield potential is with Soil Implant 
Nitragin. Many soybean growers have increased yields 
profi tably with Soil Implant Nitragin. Soil Implant Nitragin 
is easy to apply. Just pour it into the insecticide hoppers of 
your mechanical or air planter. Soil Implant peat granules 
fl ow into the very heart of the seed furrow, surrounding each 
seed with billions of ‘N’-fi xing bacteria. These bacteria build 
the ‘N’ factories which convert free nitrogen from the air, 
making ‘N’ available to the plant in a totally natural way.
 “Make sure that your soybeans can get their full share 
of free ‘N’ from the air. Use Soil Implant Nitragin on your 
soybeans this spring.”
 At the bottom right of the ad are the upside-down leaves 
of a soybean plant. At the bottom center is a large bag of 
“Soil Implant Inoculant.” At the bottom left of the ad is a 
coupon, At top of coupon is printed the Nitragin company’s 
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name, address, and phone number. Below that: “Please make 
sure my dealer has a supply of Soil Implant(TM) Nitragin. 
My dealer is...” Then there are blank lines for the dealer’s 
name, city, and state. Then there are more blank lines for My 
name, address, city, state Zip and phone. Address: 3101 W. 
Custer Ave., Milwaukee, Wisconsin 53209. Phone: 414/462-
7600.

2022. Tajima, Shigeyuki; Yamamoto, Yukio. 1977. 
Regulation of uricase activity in developing roots of 
Glycine max, non-nodulating variety A62-2. Plant and Cell 
Physiology (Tokyo) 18(1):247-53. Feb. [12 ref]
• Summary: Nodulated soybeans accumulated a large 
quantity of allantoin in the stem internodes. The distribution 
of related enzymes suggested that allantoin is formed in the 
nodules. The non-nodulated soybeans produced allantoin in 
small quantities by root uricase. The cofactor requirement 
of root uricase differs from that of the Rhizobium uricase. 
Address: Dep. of Agricultural Chemistry, Faculty of 
Agriculture, Nagoya Univ., Chikusa-ku, Nagoya 464, Japan.

2023. Banco Central de Nicaragua, Departamento de 
Investgaciones Tecnológicas, División Agricola. 1977. 
Guia para el cultivo de la soya en Nicaragua [Guide for the 
cultivation of soya in Nicaragua]. Managua, Nicaragua: 
Banco Central de Nicaragua. 22 p. April. 22 cm. [Spa]
• Summary: Contents: Introduction. Overview. Botanical 
description. Varieties. Ecological requirements: Soils, 
climate. Cultural practices: Preparation of the land, time 
of planting, distance between plants, density of planting, 
inoculation of the seed, planting depth, fertilization / 
fertilizers. Control of weeds: mechanical, chemical control. 
Pests and their control. Diseases. Harvest. Storage. Costs of 
production per manzana. Some recipes for preparing foods 
based on soya: Corn and soya bread. Whole soya fl our. Fresh 
soymilk. Soy biscuits or crackers. Maizena with soymilk. 
Tofu (Queso de leche de soya, coagulated with lemon juice). 
Tortillas with corn and soya. Cooking whole soybeans. 
Address: Managua, Nicaragua.

2024. Bassett, B.; Goodman, R.N.; Novacky, A. 1977. 
Ultrastructure of soybean nodules. I. release of rhizobia from 
the infection thread. Canadian J. of Microbiology 23(5):573-
82. May. [11 ref]
• Summary: “Root nodules on soybeans (variety Clark 63) 
were examined by electron microscopy 10-12 days after 
seed inoculation and planting. The cell infection process 
appeared identical in both effective nodules, induced by 
Rhizobium japonicum strain 138 (USDA) and in ineffective 
nodules, induced by strain 8-0 (Iowa). Electron micrographs 
are presented which suggest that rhizobia are freed from 
the infection thread by disintegration of the thread wall and 
compartmentalization of the disintegrated wall material 
in membrane-bound vesicles derived from the membrane 

surrounding the thread.” Address: Dep. of Plant Pathology, 
Univ. of Missouri, Colombia, MO 65201.

2025. Latimore, Mark, Jr.; Giddens, J.; Ashley, D.A. 1977. 
Effect of ammonium and nitrate nitrogen upon photosynthate 
supply and nitrogen fi xation by soybeans. Crop Science 
17(3):399-404. May/June. [33 ref]
• Summary: In a determinate cultivar of soybean (Bragg), 
there is indication that more photosynthate was transferred 
to nodules during the vegetative and early reproductive 
stages than has been reported for indeterminate cultivars. 
Furthermore, 23% of the total N demand occurred during 
a 20-day period (mid-pod and late pod fi ll stage) at a time 
when N fi xation was declining. Inorganic N supplied 
throughout the season or 10 days prior to sampling reduced 
14C in nodules. While ammonium and nitrate sources of N 
appeared about equal in reducing the energy fl ow to nodules, 
the latter had a greater effect upon nitrogenase activity. 
Address: Dep. of Agronomy, Univ. of Georgia, Athens, GA 
30602.

2026. Sardeshpande, J.S.; Balsubramanya, R.H.; Kulkarni, 
J.H.; Bagyaraj, D.J. 1977. Protozoa in relation to Rhizobium 
S-12 and Azotobacter chroococcum in soil. Plant and Soil 
47(1):75-80. May. [8 ref]
• Summary: The bacteria Rhizobium S-12 and Azotobacter 
chroococcum are well known for their ability to fi x 
atmospheric nitrogen symbiotically and non-symbiotically 
respectively. Azotobacter also helps the plant growth 
by production of growth stimulating substances. These 
bacteria gain entry into soil as inoculants and seem to 
serve as prey for the protozoa Colpoda spp. and Uroleptus 
spp.–but complete devouring of the prey by the predatory 
protozoa never occurs. The protozoa reduce nodulation in 
soybeans but do not prevent it completely. Address: Dep. of 
Agricultural Microbiology, Univ. of Agricultural Sciences, 
Bangalore, India.

2027. Rodell, Stephen; Funke, B.R.; Schulz, J.T. 1977. 
Effects of insecticides on acetylene reduction by Azotobacter 
vinelandii and soybean nodules. Plant and Soil 47(2):375-82. 
June. [14 ref]
• Summary: “Summary: Nine organophosphate and 
carbamate insecticides were tested for effects on ability of 
Azotobacter vinelandii to reduce acetylene. Only Gardona®, 
at higher concentrations, was signifi cantly inhibitory. The 
same pesticides were tested with soybeans... Some minor 
phytotoxic effects were noted, but there was no inhibition 
of the ability of the excised nodules of the plants to reduce 
acetylene.” Address: Depts. of Bacteriology and Entomology, 
North Dakota State Univ., Fargo, ND 58102.

2028. Bassett, B.; Goodman, R.N.; Novacky, A. 1977. 
Ultrastructure of soybean nodules. II. deterioration of 
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the symbiosis in ineffective nodules. Canadian J. of 
Microbiology 23(7):873-83. July. [12 ref]
• Summary: Infection by an ineffective strain of Rhizobium 
japonicum was followed closely by a deterioration of the 
symbiosis involving selective autolysis of host cell contents 
and degeneration of the intracellular bacteria. Only traces of 
the bacteria remained after 21 days, but most plant cells were 
still alive 35 days after inoculation. It is proposed that either 
changes in bacteroid cell walls cause incompatability with 
the host, or a nitrogen defi ciency resulting from inability 
to fi x N in the host environment leads to breakdown in the 
symbiosis.
 Many electron micrographs show the interiors of 
soybean cells. Address: Dep. of Plant Pathology, Univ. of 
Missouri, Colombia, MO 65201.

2029. Organic Gardening and Farming. 1977. Branch-beans. 
24(7):128-30. July.
• Summary: “These green soybeans are a ‘gustatory treat,’ 
but you’ll have to grow your own because ‘buying them in 
the market is impossible.’ Here’s how it’s done.” The author, 
who lives in a coastal California valley, decided to plant 
soybeans. “My family uses vegetable protein heavily in our 
diet, and soybeans, as almost everyone now knows, give 
a lot of high-grade vegetable protein. Beyond this reason, 
however, was our love of green soybeans. My wife, who 
comes from Japan, introduced me to edamame or ‘branch-
beans,’ and now all of us look forward to late summer when 
the branch-beans come into season...”
 The author purchased three garden soybean varieties: 
Pickett (85 days to mature) from Park Seed Company, 
Kanrich (103 days) from Burpee, and Fiskeby V (68 days) 
from Thompson and Morgan. One key to the success of the 
crop was to buy and use some bean inoculant, which is sold 
under various brand names.
 “My wife prepares the branch-beans by fi rst washing 
them, pod and all. Then she puts them in boiling water, salts 
to taste, cooks until tender, drains and serves. For those who 
like to spend a lot of time in the kitchen, removal of the 
beans from their pods is time-consuming but not diffi cult. 
Rather than put this extra burden on the cook, my family 
likes branch-beans so much that they are served in their pods 
so each person can pop out his own. Hold the bean pod up 
to your mouth and squeeze. The green beans pop into your 
mouth, and the pod can be discarded in a bowl put on the 
table for that purpose.”
 Note: This is the earliest English-language document 
seen (June 2009) that uses the term “branch-beans” (literal 
translation of eda + mame) to refer to green vegetable 
soybeans.

2030. Eskew, D.L.; Schrader, L.E. 1977. Effect of rj1rj1, 
(non-nodulating) soybeans on nodulation of near isogenic 
Rj1Rj1 plants in nutrient culture. Canadian J. of Microbiology 

23(8):988-93. Aug. [13 ref]
• Summary: Results suggested that a nodulation inhibitor 
is not associated with the rj1 gene. Nodulation was not 
stimulated in non-nod isolines by the presence of nodulating 
isolines, indicating that resistance to nodulation is not due to 
the absence of excreted nodulation promoters.
 The images were taken using a gas chromatograph. 
Address: Dep. of Agronomy, Univ. of Wisconsin-Madison, 
Madison, WI 53706.

2031. Waughman, G.J. 1977. The effect of temperature on 
nitrogenase activity. J. of Experimental Botany 28(4):949-60. 
Aug. [26 ref]
• Summary: Temperature effects on the nitrogenase activity 
of fi ve legumes, four non-legumes and two blue-green algae 
were tested. In all cases the activity in detached nodules was 
temperature sensitive. Approximate optimum temperatures 
were fairly well defi ned in Lupinus (25ºC) and Medicago 
(alfalfa) (22º), but were less defi ned with pea, soybean and 
broadbean. Address: Botany Dep., Univ. of Durham, Durham 
City, England.

2032. Fujihara, S.; Yamamoto, K.; Yamaguchi, M. 1977. A 
possible role of allantoin and the infl uence of nodulation on 
its production in soybean plants. Plant and Soil 48(1):233-
42. Sept. [17 ref]
• Summary: Nodulated soybeans grown without N fertilizer 
had higher allantoin content in plant organs than did 
fertilized plants, but amino-N was comparatively lower. It 
appeared likely that allantoin was preferentially synthesized 
in nodules, and occurs especially when excess N is present. 
Address: Dep. of Agricultural Chemistry, College of 
Agriculture, Univ. of Osaka Prefecture, Sakai, Japan.

2033. Sartain, J.B.; Kamprath, E.J. 1977. Effect of soil Al 
saturation on nutrient concentration of soybean tops, roots, 
and nodules. Agronomy Journal 69(5):843-45. Sept/Oct. [23 
ref]
• Summary: Soil aluminum (Al) saturation levels, as 
established by addition of varying amounts of lime, had no 
effect on the P concentration of tops, but root P concentration 
was signifi cantly higher at 81% Al than at 28 or 4%. The 
nodules had a higher P concentration than other plant parts. 
It was concluded that growth response to reduction of soil 
Al saturation below 28% is probably due to pH effects and/
or Ca supply rather than Al saturation level. Address: North 
Carolina Agric. Exp. Station, Raleigh, N.C.

2034. Silvius, J.E.; Johnson, R.R.; Peters, D.B. 1977. Effect 
of water stress on carbon assimilation and distribution in 
soybean plants at different stages of development. Crop 
Science 17(5):713-16. Sept/Oct. [13 ref]
• Summary: Reduction of 14C in nodules was associated with 
water stress at all growth stages. Relatively more assimilate 
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was present in the root fraction at the expense of the nodules, 
suggesting decreased sink strength, lowered storage capacity, 
or increased turnover in nodules at low soil moisture levels. 
Address: USDA-ARS, Light and Plant Growth Laboratory, 
Bldg. 046-A, BARC-West, Beltsville, MD 20705.

2035. Bhuvaneswari, T.V.; Pueppke, S.G.; Bauer, W.D. 
1977. Role of lectins in plant-microorganism interactions: 
I. Binding of soybean lectin to rhizobia. Plant Physiology 
60(4):486-91. Oct. [20 ref]
• Summary: Purifi ed soybean lectin (SBL) was found to bind 
15 of 22 Rhizobium japonicum strains. SBL did not bind to 
the other 7 strains, nor to any of 9 other strains which do not 
nodulate soybeans. An inhibitor to SBL binding was found to 
be present in culture fi ltrates. Address: Charles F. Kettering 
Research Lab., 150 East South College St., Yellow Springs, 
Ohio 45387.

2036. Klucas, Robert V.; Arp, D. 1977. Physiological 
and biochemical studies on senescing tap root nodules of 
soybeans. Canadian J. of Microbiology 23(10):1426-32. Oct. 
[21 ref]
• Summary: “Field-grown Beeson and Calland varieties of 
soybeans of various ages were sources of tap root nodules. 
With both varieties, the number of tap root nodules per plant 
remained constant between 56 and 86 days after planting 
but fresh weight, dry weight, and mass of tap root nodules 
increased during this period. Nitrogen (C2H2)fi xation by 
attached tap root nodules was maximum on a fresh weight, 
dry weight, or nitrogen basis about 56 days after planting for 
either variety.” Address: Lab. of Agricultural Biochemistry, 
Univ. of Nebraska, Lincoln, NE 68583.

2037. Ching, Te May; Hedtke, S.; Newcomb, William. 1977. 
Isolation of bacteria, transforming bacteria, and bacteroids 
from soybean nodules. Plant Physiology 60(5):771-74. Nov. 
[20 ref]
• Summary: Mature bacteroids, transforming bacteria and 
bacteria were separated using a stepwise sucrose gradient 
centrifugation. Now that a method for separating bacteroids 
of different stages is available, these fractions could be 
used for studies involving development, regulation and 
senescence of bacteroids in the nodule. Address: 1-2. Dep. 
of Agronomic Crop Science, Oregon State Univ., Corvallis, 
OR 97331; 3. Dep. of Botany and Genetics, Univ. of Guelph, 
Guelph, Ontario N1G 2W1, Canada.

2038. Blevins, Dale G.; Barnett, N.M.; Bottino, P.J. 1977. 
The effects of calcium and the ionophore A23187 on 
nodulation, nitrogen fi xation and growth of soybeans. 
Physiologia Plantarum 41(4):235-38. Dec. [18 ref]
• Summary: A requirement for Ca2+ in the infection and 
nodulation of soybean was confi rmed. The ionophore, which 
increases Ca2+ transport across membranes, signifi cantly 

affected infection and nodulation but not acetylene reduction 
in established nodules. Address: Dep. of Botany, Univ. of 
Maryland, College Park, MD 20742.

2039. Devine, T.E.; Weber, D.F. 1977. Genetic specifi city of 
nodulation. Euphytica 26(3):527-35. Dec. [19 ref]
• Summary: Certain combinations of particular Rhizobium 
japonicum strains with particular soybeans produce high 
rates of nitrogen fi xation, but it is diffi cult to avoid infection 
by less desirable soil rhizobia. A genetic system for 
establishing strains through development of superior, highly 
specifi c host cultivars and bacteria was proposed. Address: 
Cell Culture and Nitrogen Fixation Laboratory, ARS, USDA, 
Beltsville, Maryland 20705.

2040. Metcalf, Homer N.; Burnham, Milo. 1977. Miscellany, 
including celeriac, horseradish, artichoke, peanuts, vegetable 
soybeans. Yearbook of Agriculture (USDA) p. 228-44. For 
the year 1977.
• Summary: This Yearbook is titled “Gardening for food 
and fun.” This article that discusses soybeans is in Part II 
of this Yearbook, titled “Home garden vegetables.” The 
section on “Vegetable soybeans” (p. 240-43) focuses on 
growing them in a home garden. “Since fresh, immature 
soybeans are seldom found in either canned or frozen forms 
on supermarket shelves, they are an excellent vegetable for 
home gardeners, who may expect yields of 2 bushels of 
green pods per 100 feet or row. Soybeans have a relatively 
high protein content for a vegetable and are a good source of 
vitamin A.
 “Vegetable soybeans grow best where nights are warm 
and days not too long. Only very early varieties should be 
attempted at higher latitudes. They are unlikely to succeed in 
areas having frost-free growing seasons of less than 130 to 
135 days.
 “Seeds of vegetable soybeans are usually larger than 
those grown as a fi eld crop, and only a limited number 
of varieties, such as Fiskeby V and Kanrich, are offered 
currently by seedsmen. Most vegetable soybeans have 
yellow seeds, but other colors are known, such as green, 
black and green, and black and yellow.
 “Land on which edible soybeans are to be grown should 
be well prepared before planting. Soybeans do not thrive on 
strongly acid soils, and liming may be desirable if indicated 
by soil tests. Because they are legumes, nitrogenous 
fertilizers are seldom used, but on many soils they will 
benefi t from application of phosphorus and potassium 
fertilizers (again the gardener should be guided by soil tests).
 “If soybeans have never been grown on the soil, it 
may prove wise to inoculate the seeds with nitrogen-
fi xing bacteria. Rhizobium japonicum is said to be specifi c 
for soybeans, and should be available in commercial 
preparations.
 “Weed control will be more convenient if the plants are 
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spaced 4 to 6 inches apart, or in hills spaced about 8 inches 
apart with the rows 30 inches apart. When seeds of varieties 
differing in maturity are available, better results will ensue 
if a single planting of these is made-rather than successive 
plantings of a single variety.
 “Under favorable conditions, edible soybeans will be 
ready for harvest as immature beans from early varieties 
about 2 months after planting, while 100 or more days of 
favorable weather will be needed to mature dry beans.
 “Soybeans are self-fertile and have mostly self-
pollinated fl owers. The beans are borne in pods that are 
produced in clusters of 3 to 15. The pods are slightly 
curved and hairy, and will average 2 to 3 seeds per pod. In 
the Orient, the immature pods and seed are eaten together 
[sic, they are served together. The seeds are squeezed from 
the pods into one’s mouth, then the pods are discarded / 
recycled] but this has seldom been done in the United States. 
When eaten in the immature stage, vegetable soybeans are 
harvested at about the same maturity as immature lima 
beans.
 “If vegetable soybeans are to be eaten as green beans, 
the pods will shell much easier if they are plunged into 
boiling water for about 2 minutes, after which the beans can 
be squeezed from the pods without any diffi culty.”
 “Another way of using edible soybeans is as sprouts (in 
the same manner as the sprouts of mung beans). Soybeans 
can be sprouted in any container that has holes in the 
bottom for drainage and can be covered. In preparing the 
sprouts, soak the soybeans overnight and then place them in 
a container large enough for the beans to swell at least six 
times their original bulk as they sprout. Cover container to 
keep out light.
 “Moisten the beans at least 3 times a day in summer and 
twice in winter. In winter add warm water and keep the beans 
in a warm place.
 “Time to maturity for soybean sprouts is 3 to 5 days in 
summer and 10 to 15 days in winter. The sprouts are fully 
grown and ready to be used when 2 to 3 inches long. Once 
harvested, sprouts should be kept in a cool, humid place.” 
Address: 1. Prof. of Horticulture, Montana State Univ., 
Bozeman; 2. Extension Horticulturist, Mississippi State 
Univ., Starkville, Mississippi.

2041. Balasundaram, V.R.; Subba Rao, N.S. 1977. A review 
of development of rhizobial inoculants for soybeans in India. 
Fertilizer News (Hyderabad, India) 22(10):42-46. *
• Summary: Reviews the work done on isolating and testing 
soybean rhizobia in India, and the development of an 
indigenous inoculant supply service. Address: IARI, New 
Delhi, India.

2042. Caldwell, B.E.; Vest, Grant. 1977. Genetic aspects 
of nodulation and dinitrogen fi xation by legumes: the 
macrosymbiont. In: Ralph W.F. Hardy and W.S. Silver, eds. 

1977. A Treatise on Dinitrogen Fixation. Section 3. New 
York, NY: Wiley. [24 ref]
• Summary: Note: In the Taxonomic Index in Section (= 
Volume) IV, see Glycine max. Address: Research Agronomist 
and Plant Pathologist, Crops Research Division, Agricultural 
Research Service, USDA, Beltsville, Maryland.

2043. Faizah, A.W.; John, C.K.; Broughton, W.J. 1977. Anti-
rhizobial substances in soyabean seeds. In: Seed Technology 
in Tropics, National Seed Symposium, 1st. See p. 91-96. *

2044. Guevara, Juan G., Jr. 1977. The glutamine synthetases 
in soybean root nodules and free living Rhizobium 
japonicum. PhD thesis, Dep. of Botany & Plant Pathology, 
Oregon State University. 82 p. *
Address: Oregon State Univ., Corvallis, Oregon.

2045. Ham, G.E.; Lindeman, W.C.; Kvien, C.K.; Randall, 
G.W. 1977. Report on soybean inoculation trials. Soil Series, 
Univ. of Minnesota, Agricultural Extension Survey 99:190-
91. *

2046. Huang, C-Y. 1977. Effect of plant growth regulators on 
the nitrogen fi xing (acetylene reduction) activity of soybean 
plants. Taiwania 22:80-90. *
• Summary: Kinetin and 2,4-D suppressed acetylene 
reduction in intact plants and detached nodules. It was 
assumed that the growth regulators inhibited nodulation and 
promoted nodule degeneration. Address: National Taiwan 
Univ.

2047. Joseph, R.A. 1977. Effect of nitrogen source on 
nodulation, nitrogen fi xation and mineral content of soybean 
in solution culture. Madras Agricultural Journal 64(4):211-
17. *
• Summary: Either NH4 (the ammonium cation) or NO3 
severely suppressed nodulation and nitrogen fi xation. 
Addition of NH4 produced plants with greater total N 
content than did addition of NO3. Address: Univ. Catholique 
du Louvain, Belgium.

2048. Kumar Rao, J.V.D.K.; Patil, R.B. 1977. Symbiotic 
response of Glycine max (L.) Merrill to inoculation with 
different commercial inoculants of Rhizobium japonicum 
from agricultural institutions. Mysore J. of Agricultural 
Sciences 11:342-44. *
• Summary: Inoculants from 5 commercial producers were 
compared on Davis soybeans. An IARI culture gave the best 
results. Address: Univ. of Agricultural Sciences, Hebbal, 
Bangalore, India.

2049. Lagacherie, B.; Hugot, R.; Amarger, N. 1977. 
Selection des souches de Rhizobium japonicum d’après 
leur compétitivité pour l’infection [Selection of strains of 
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Rhizobium japonicum according to their competitiveness for 
infection / inoculation]. Annales Agronomiques 28(4):379-
89. [Fre]*

2050. Ruiz-Argueso, T.; Cabrera, E.; Santa, M.J. 1977. 
Competition between strains of Rhizobium japonicum. 
Annales del Instituto Nacional de Investigaciones Agrarias, 
General No. 5. p. 11-21 *

2051. Vinogradov, B.I. 1977. [Response of grain legumes 
to inoculation on serozem soils of Uzbek SSR]. Nauchnye 
Trudy, Tashkentskii Sel’skokhozyaistvennyi Institut (Scientifi c 
Works–Tashkent Agricultural Institute) No. 75. p. 16-23. 
[Rus]*
• Summary: In pot and fi eld trials conducted during 1967-
1975 in the Uzbek SSR, inoculation of seeds of soybean, 
cowpea, and green gram [mung bean] [Vigna radiata] 
increased growth, nodulation, and seed yield. Various 
cultivars of these crops showed different responses to 
inoculation.
 Note: This document contains the earliest date seen 
for soybeans in Uzbekistan, or the cultivation of soybeans 
in Uzbekistan (1967). The source of these soybeans is 
unknown.

2052. Ayanaba, A. 1977. Towards better use of inoculants in 
the humid tropics. In: A. Ayanaba and P.J. Dart, eds. 1977. 
Biological Nitrogen Fixation in Farming Systems of the 
Tropics. New York, NY: Wiley and Sons. xi + 377 p. See p. 
181-87. Chap. 15. Based on papers presented at a symposium 
held at the International Institute of Tropical Agriculture, 
Ibadan, Nigeria, in October 1975. [26 ref]
• Summary: A positive yield response to soybean inoculation 
was reported in Ghana, Sierra Leone, Cameroon, Malagasy 
Republic, Zaire, and Kenya. The author has observed that 
soybean inoculation is also practiced in Senegal, Liberia, 
and the Ivory Coast (p. 183). Address: International Inst. of 
Tropical Agriculture, P.M.B. 5320, Ibadan, Nigeria.

2053. Ayanaba, A.; Dart, P.J. eds. 1977. Biological nitrogen 
fi xation in farming systems of the tropics. New York, NY: 
John Wiley & Sons. A Wiley-Interscience Publication. 
xi + 377 p. Index. 22 cm. Based on papers presented at a 
symposium held at the International Institute of Tropical 
Agriculture, Ibadan, Nigeria, in October 1975.
• Summary: Contents: Foreword. Section I. General 
Considerations. Section II. Legumes in farming systems of 
the tropics. Section III. Ecology and physiology of Rhizobia. 
Section IV. Nitrogen Fixation in legumes. Section V. Non-
legume sources of biological nitrogen in nature. Section VI. 
Measuring nitrogen gains and losses in farming systems.
 Soy is mentioned on the following pages: 3, 4-8, 144, 
158-61, 175, 182-83, 245-46, 327-31. Chapters in which soy 
is mentioned are cited separately. Address: 1. International 

Inst. of Tropical Agriculture, Nigeria; 2. International 
Crops Research Inst. for the Semi-Arid Tropics (ICRISAT), 
Hyderabad, India.

2054. Bergersen, F.J. 1977. Factors controlling nitrogen 
fi xation by rhizobia. In: A. Ayanaba and P.J. Dart, eds. 1977. 
Biological Nitrogen Fixation in Farming Systems of the 
Tropics. New York, NY: Wiley and Sons. xi + 377 p. See p. 
153-65. Chap. 13. Based on papers presented at a symposium 
held at the International Institute of Tropical Agriculture, 
Ibadan, Nigeria, in October 1975. [35 ref]
• Summary: “Summary: An outline is given of the 
development and properties of the nitrogen-fi xing tissues of 
legume-root nodules and of physiological factors controlling 
nitrogenase activity in nodules,...” Address: Div. of Plant 
Industry, CSIRO, Canberra, Australia.

2055. Chowdhury, M.S. 1977. Response of soybean to 
Rhizobium inoculation at Morogoro, Tanzania. In: A. 
Ayanaba and P.J. Dart, eds. 1977. Biological Nitrogen 
Fixation in Farming Systems of the Tropics. New York, NY: 
Wiley and Sons. xi + 377 p. See p. 245-53. Chap. 20. Based 
on papers presented at a symposium held at the International 
Institute of Tropical Agriculture, Ibadan, Nigeria, in October 
1975. [25 ref]
• Summary: Introduction: Soybean was fi rst introduced 
to Tanzania in 1907 by the Germans (Mmbaga 1975). The 
crop’s potential was realized much later and in 1955 a 
breeding program was initiated for different areas of the 
country (Mmbaga 1975). The soybean grows well in the 
coastal plains, the Nyika and the Makonde plateaus (Uriyo 
1974), but the average annual production of soybeans in 
Tanzania is still small (about 604 tonnes per year) (Crop 
Production Statistics in Tanzania, 1974) and the average 
yield is only 670 kg per ha (FAO Production Yearbook, 
1968).
 The author is working to incorporate the higher 
agronomic potential of U.S. soybean cultivars into the 
nodulated nodulating soybean varieties. Address: Dep. of 
Soil Science and Agriculture Chemistry, Univ. of dar es 
Salaam, P.O. Box 643, Morogoro, Tanzania.

2056. Date, R.A. 1977. The development and use of 
legume inoculants. In: A. Ayanaba and P.J. Dart, eds. 1977. 
Biological Nitrogen Fixation in Farming Systems of the 
Tropics. New York, NY: Wiley and Sons. xi + 377 p. See p. 
169-80. Chap. 14. Based on papers presented at a symposium 
held at the International Institute of Tropical Agriculture, 
Ibadan, Nigeria, in October 1975. [16 ref]
• Summary: “A simple three-treatment experiment is 
outlined for the assessment of the need to inoculate legume 
seed for successful nodulation and N2 fi xation. The results 
most likely to be observed and their interpretation are 
discussed in terms of determining whether legume seed 
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needs to be inoculated and if so what criteria are necessary 
for the selection of suitable strains of Rhizobium.
 “The criteria used may be grouped, for convenience of 
assessment, into (a) effectiveness in N2 fi xation and host 
specifi city, (b) competitive ability in nodule formation and 
persistence in the soil, (c) specifi c characteristic, e.g. low 
pH tolerance, for a particular situation, and (d) characteristic 
related to culturing and inoculant preparation.” Address: Div. 
of Tropical Agronomy, CSIRO, Cunningham Lab., St. Lucia, 
Queensland 4067, Australia.

2057. Dilworth, M.J.; McComb, J.A. 1977. Recent advances 
in tissue-culture studies of the legume-Rhizobium symbiosis. 
In: A. Ayanaba and P.J. Dart, eds. 1977. Biological Nitrogen 
Fixation in Farming Systems of the Tropics. New York, NY: 
Wiley and Sons. xi + 377 p. See p. 135-49. Chap. 11. Based 
on papers presented at a symposium held at the International 
Institute of Tropical Agriculture, Ibadan, Nigeria, in October 
1975. [19 ref]
• Summary: “Summary: The complexity of nodular plant–
Rhizobium symbiosis led to attempts to use a simplifi ed 
system of undifferentiated plant callus cultures inoculated 
with Rhizobium. Nitrogenase production at a low level was 
shown together with an apparent infection of soybean cells 
with rhizobia and bacteroid production.” Address: School of 
Environmental and Life Sciences, Murdoch Univ. Murdoch, 
Western Australia, Australia.

2058. Dimancea, St.; Berca, M. 1977. Cercetari privind 
infl uenta ingrasamintelor chimice si organice si a densitatii 
la soia (Chippewa) in regim irigat pe cernoziom castaniu-
Jegalia [Research on the infl uence of chemical and organic 
fertilizers and plant density on Chippewa soyabean grown 
with irrigation on a chestnut chernosem at Jegalia]. Lucrari 
Stiintifi ce, Institutul Agronomic “Nicolae Balcescu.” Seria A 
(Romania) 17:67-70. For the year 1974. [5 ref. Rom; eng]
• Summary: “A three factorial experience [experiment?] with 
manure, chemical fertilizers and plant density was carried 
out in 1969-1972.
 “The data show that there are not differences in yield 
with plant density of 50 or 70 germinated seeds. Manure 
application (20 t/ha) does not affect the yield either.
 “NPK applications in various rates are effi cient, the 
highest yield increase being assured by N48P423K60.
 “With the density of 50 seeds/m2 and no manure, the 
highest yield is obtained with N48 and with K60 when 20 t/
ha manure was previously supplied. The same situation was 
found with the density of 70 seeds/m2.
 “Fertilizers application and plant density have no 
infl uence on seed oil content.”

2059. Dobereiner, Johanna. 1977. Present and future 
opportunities to improve the nitrogen nutrition of crops 
through biological fi xation. In: A. Ayanaba and P.J. Dart, eds. 

1977. Biological Nitrogen Fixation in Farming Systems of 
the Tropics. New York, NY: Wiley and Sons. xi + 377 p. See 
p. 3-12. Chap. 1. Based on papers presented at a symposium 
held at the International Institute of Tropical Agriculture, 
Ibadan, Nigeria, in October 1975. [19 ref]
• Summary: Research during the last decade has revealed 
new opportunities for supplying the protein necessary to feed 
the world’s rapidly growing population. The most promising 
of these is the legume-Rhizobium symbiosis, whereby 
biological N2 fi xation in the tropics increases protein yield. 
“In promiscuously nodulating legumes, plant breeding and 
fertilizer treatments seem more important than inoculation 
in increasing yields, but a better understanding of bacteria-
plant interactions in legumes which are more specifi c in their 
nodulation, such as soybeans and stylo, is indispensable.
 The aim of this chapter is to provide a few striking 
examples of the of the many opportunities for substantial 
increases in N2 fi xation in the tropics.
 The “inoculation of legumes is usually not enough to 
bring about large yield increases on its own, especially in the 
tropics, where promiscuous Rhizobium strains and legume 
species are much more common than in temperate regions.”
 “Perhaps the most striking example of the possibilities 
which exist for substantial yield increases has been shown 
for the edaphic savannas [cerrados] which cover large areas 
of central Brazil and Colombia (200 million ha). Although 
the physical and climatic conditions are excellent, these areas 
are virtually unused. Application of phosphorus and minor 
elements [such as molybdenum] in many of these soils can 
make the difference between no yields and yields obtained 
from fertile soils (Table 1.3). The initially high investments 
of soil correction can become economically feasible very 
rapidly when proper crop rotation is planned so that most 
of the necessary nitrogen inputs are obtained by biological 
fi xation (Fig. 1.2).”
 Note: This is the earliest English-language document 
seen (Aug. 2018) that uses the word “promiscuous” or 
“promiscuously” to refer to soybean varieties which are 
nodulated by indigenous bacteria. Address: Empresa 
Brasilaira de Pesquisa Agropecuaria, Km 47, via Campo 
Grande, Rio de Janeiro, Brazil.

2060. Finan, T.; Dunican, L.K. 1977. Factors infl uencing in 
vitro nitrogen fi xation (acetylene reduction) by Rhizobium 
japonicum 61A76 in semi-solid media (Abstract). 
Proceedings of the Society for General Microbiology 
4(2):104-05. [1 ref]
• Summary: Rhizobium japonicum 61A76 nodulated 
soybeans effectively. Acetylene reduction activity varied 
signifi cantly between 9 isolates from nodules. Nodulation 
tests on 3 of these isolates resulted in the formation of 
effective nodules on soybean plants. It was concluded 
that the semi-solid agar technique offers a simple and 
reproducible method for assessing in vitro nitrogenase 
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activity in R. japonicum. Address: Dep. of Microbiology, 
University College, Galway, Irish Republic.

2061. Freire, Joao Rui Jardim. 1977. Inoculation of 
soybeans. College of Tropical Agriculture (Univ. of Hawaii), 
Miscellaneous Publication No. 145. p. 335-79. J.M. Vincent, 
A.S. Whitney, and J. Bose, eds. Exploiting the Legume-
Rhizobium Symbiosis in Tropical Agriculture. Proceedings 
of a workshop held at Kahului, Maui, Hawaii, Aug. 23-28, 
1976. [126 ref. Eng]
• Summary: Contents: Introduction. Strain selection. 
Nodulation. Ecology of R. japonicum and host vs. 
strain specifi city. Inoculants and inoculation: Effects of 
inoculum rate, effects of adverse conditions on inoculation. 
Contribution from symbiotic dinitrogen fi xation. Efforts to 
increase the level of the yield plateau. Some factors limiting 
N2 fi xation: Calcium, pH and some linked factors, effects 
of pesticides. Estimation and measurement of symbiotic 
fi xation. Conclusions and recommendations. Address: 
Universidade Federal do Rio Grande, Porto Alegre, Brasil.

2062. Grant, Penelope M.; Purdom, Mary R. 1977. A 
comparison on the effectiveness of various strains of 
rhizobia on soyabeans in the greenhouse and in a fi eld trial. 
Rhodesian J. of Agricultural Research 15(2):227-30. [5 ref]
• Summary: “The three strains 1306, 1119 and 966, which 
had been selected as highly effective from preceding bottle-
jar tests, formed a superior group. These strains did not differ 
signifi cantly from each other in any measure of effi ciency 
except that 966 was apparently slower early in the season;...” 
Address: Soil Productivity Research Lab., Chemistry and 
Soil Research Inst., Ministry of Agriculture, Private Bag 757, 
Marandellas, Rhodesia.

2063. Ham, G.E. 1977. The acetylene-ethylene assay and 
other measures of nitrogen fi xation in fi eld experiments. In: 
A. Ayanaba and P.J. Dart, eds. 1977. Biological Nitrogen 
Fixation in Farming Systems of the Tropics. New York, NY: 
Wiley and Sons. xi + 377 p. See p. 325-34. Chap. 27. Based 
on papers presented at a symposium held at the International 
Institute of Tropical Agriculture, Ibadan, Nigeria, in October 
1975. [16 ref]
• Summary: “Several methods of estimating N2 fi xation 
under fi eld conditions are described and assumptions and 
potential limitations of each are given.” All techniques used 
gave similar estimates. Address: Dep. of Soil Science, Univ. 
of Minnesota, St. Paul, Minnesota 55108.

2064. Hinson, K.; Hartwig, E.E. 1977. Soybean production 
in the tropics. FAO Plant Production and Protection Paper 
No. 4. v + 92 p. Illust. 27 cm. (Rome, Italy). Revised 1982. 
[82 ref. Eng; Chi; Fre; Spa]
• Summary: Contents: Introduction. Botany. Climatic 
requirements. Soils and soil fertility. Water and water 

management. Varieties and variety development. Culture. 
Nitrogen nutrition and inoculation. Diseases and nematodes. 
Insects. Harvesting and seed storage. Nutritive quality and 
use. Rotations and intercropping. Bibliography. Address: 
Research Agronomists, USDA.

2065. International Institute of Tropical Agriculture. 1977. 
Annual report 1976. Ibadan, Nigeria. 126 p.
• Summary: The section titled “Soybean Improvement” (p. 
42-47), within the Grain Legume Improvement Program, 
discusses IITA trial results (observation plots, other trials, 
shattering resistance, international trials), recombination and 
selection, plant protection (insect pests), seed quality and 
viability. Soybean is also discussed on p. 77 in one section 
about nitrogen responses in mixed cropping (maize-soybean 
rotation), and in another section about tolerance of fi ve 
tropical grain legumes to high soil acidity. During the 1976 
season, two soybean varieties had grain yields over 3,000 
kg/ha: TGm-249-3 (3,044), and Bossier (3,008). Address: 
Ibadan, Nigeria.

2066. Konova, L.; Raicheva, L.; Rainova, L. 1977. 
Vazpriemchivost na sortovete soia kam grudkovite bakterii 
[Receptivity [susceptibility] of soybean varieties to the 
Rhizobium japonicum nodule bacteria. II.]. Rastenievudni 
Nauki (Plant Science, Bulgaria) 14(8):10-18. [5 ref. Bul]
Address: 1. Inst. of Genetics and Plant Breeding; 2. N. 
Poushkarov Inst. of Agrology; 3. State Plant Certifi cation 
Commission. All: Sophia, Bulgaria.

2067. Materon, Luis Alberto. 1977. Host specifi city and 
inter-strain competition with soybean rhizobia. Thesis, 
Sydney, Australia. *
• Summary: With an appendix on: The infl uence of 
fungicides on the nodulation of soybeans under glasshouse 
and fi eld conditions. Address: Sydney, Australia.

2068. Mihailescu, Ghenta; Dvornic, Valentina; Dumitrescu, 
Aurora. 1977. Rezultate experimentale privind folosirea 
azotului, molibdenului si bacterizarii la soia cultivtaa pe trei 
tipuri de sol [Experimental results on the use of nitrogen, 
molybdenum and soy bacteria cultivated on three soil types]. 
Lucrari Stiintifi ce, Institutul Agronomic “Nicolae Balcescu.” 
Seria A (Romania) 17:34-38. For the year 1974. [Rom; eng]*

2069. Milner, Max; Scrimshaw, N.S.; Wang, D.I.C. 1977. 
Research needs in protein resources. College of Tropical 
Agriculture (Univ. of Hawaii), Miscellaneous Publication 
No. 145. p. 1-20. J.M. Vincent, A.S. Whitney, and J. Bose, 
eds. Exploiting the Legume-Rhizobium Symbiosis in 
Tropical Agriculture.
• Summary: “The Massachusetts Institute of Technology 
(MIT) has prepared, for the U.S. National Science 
Foundation (NSF) section on Research Applied to National 
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Needs, a detailed examination of U.S. protein resources, 
including conventional and unconventional types.”
 Contents: Introduction. Organization of the study. 
Insights determining research recommendations (15 
insights). Common problems and issues requiring research: 
Nutrition, toxicology, innovative technology for protein 
utilization, potentials for improving protein quality in plants 
by genetic means, biological nitrogen fi xation. Potentials 
and research needs in specifi c protein resources: Grain 
crops for food and feed, cereal protein technology, oilseed 
proteins, food legumes, livestock production, animal protein 
from dairy products, animal protein from meat, poultry and 
eggs, aquatic proteins, potatoes, nonphotosynthetic single-
cell protein, photosynthetic single-cell protein, leaf protein, 
chemical synthesis of nutrients. Research recommendations: 
Fundamental mission-oriented research, mission-oriented 
research in specifi c resource areas, advanced science and 
technology. Address: Massachusetts Inst. of Technology 
(MIT), Cambridge, Massachusetts.

2070. Moomaw, J.C.; Park, H.G.; Shanmugasundaram, 
S. 1977. The role of legumes in South and Southeast 
Asia. College of Tropical Agriculture (Univ. of Hawaii), 
Miscellaneous Publication No. 145. p. 155-69. J.M. Vincent, 
A.S. Whitney, and J. Bose, eds. Exploiting the Legume-
Rhizobium Symbiosis in Tropical Agriculture. [39 ref]
• Summary: Contents: Introduction: Role of legumes in 
agricultural production, role of legumes in human nutrition, 
future role of legumes.
 “People in South and Southeast Asia rely heavily on 
cereals and legumes for their major nutrients. FAO statistics 
(FAO, 1975) clearly show that protein needs are inadequately 
met and that vulnerable groups are suffering from both 
calorie and protein defi ciency. At least 90 million people, 
mostly children, are suffering from moderate to severe 
malnutrition. Greater legume production is necessary to 
provide even the generally inadequate protein and vitamins 
to the 2,200 million people living in the region.” Legumes 
are usually presented in four broad categories: food legumes, 
oil seeds, forage and cover crops, and miscellaneous” (p. 
155).
 “The role of legumes in agricultural production is small 
relative to that of cereals, but the role of legumes in human 
nutrition is more important than their relative acreage or 
production volume (harvested crop) indicate” (p. 158).
 “Among the 13,00 species of legumes, about 20 are 
eaten in signifi cant quantities by man directly as food. 
Soybean is easily the most important of these, especially 
in China, Japan, Korea, Taiwan, and Indonesia. Mungbean 
(Vigna radiata), black gram (V. mungo), chickpea (Cicer 
arietinum), pigeon pea (Cajanus cajan), lentil (Lens 
esculenta), dry beans (Phaseolus vulgaris), lathyrus pea 
(Lathyrus sativus), broad bean (Vicia faba), cowpea (Vigna 
sinensis), groundnut (Arachis hypogaea), and dry pea (Pisum 

sativum).”
 Soybean research in Asia (AVRDC 1976) has fi ve major 
priorities (see p. 165).
 Tables show: (1) Area, yield and production of pulses 
in Asia, North America, and the world, 1961-65 and 
1974. Source: FAO Production Yearbook, 1974. In Asia, 
area harvested and production have decreased. In North 
America, area harvested is unchanged but production has 
increased. Worldwide, area harvested and production have 
both decreased. (4) Soybean production cost and returns in 
Thailand, Philippines, and Taiwan. Source: ARDC 1976. 
There is a very small net return (profi t) on soybeans in 
Thailand and Philippines, and a small loss in the Philippines. 
(5) Protein productivity of certain tropical food crops. 
Soybeans produce 9.1 kg of protein per ha per day, more 
than twice as much as any other crop shown in this table. No. 
2 are lima beans (4.5), followed by cowpea (3.3), winged 
bean (3.0), peanut (2.7), and chick pea. (6) Nutritional 
contribution of AVRDC’s six crops toward balancing a rice 
diet. Soybean is the best source of protein (36.8 gm per 100 
gm), followed by mungbean (22.9).
 Figures show: (1) Food grain yields (for cereal 
grains) have increased dramatically since about 1966 in 
developing countries as a result of the introduction of “Green 
Revolution” technology. Source: After Chancellor and Goss 
1976. Address: AVRDC, Shanhua, Taiwan.

2071. Newton, W.; Postgate, J.R.; Rodriguez-Barrueco, C. 
eds. 1977. Recent developments in nitrogen fi xation. London 
& New York: Academic Press. xxiv + 622 p. Illust. Index. 24 
cm.
• Summary: Page xvii: “The need for symposia of this type 
arises in the fi rst place because of the supreme importance 
of the element nitrogen to all the forms of life that occur 
on Earth. Two of the most essential constituents of the cells 
of plants or animals, namely nucleic acids (which carry the 
hereditary characters) and proteins (which among other 
functions provide the bases for enzymes) contain nitrogen, 
as does also the characteristic pigment of plants cells–
chlorophyll. Thus a bacterium, a fungus, a green plant or an 
animal of any kind cannot grow and function unless it can 
acquire nitrogen in an acceptable form.”
 Soy is discussed on pages 469-85. References appear 
at the end of each chapter. Address: 1. Charles F. Kettering 
Research Lab., Yellow Springs, Ohio.

2072. Rayo Centeno, Hector. 1977. Efecto de la inoculation 
con Rhizobium japonicum y de la fertilization nitrogenada 
en soya (Glycine max (L.) Merrill) en tres localidades en 
Nicaragua [Effect of inoculation with Rhizobium japonicum 
and nitrogen fertilization on the soybean (Glycine max (L.) 
Merrill) at three localities in Nicaragua]. Nicaragua: Instituto 
Nicaraguense de Tecnologia Agropecuaria, Division de 
Education Agricola Superior. 44 p. 28 cm. [Spa]
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• Summary: Introduction: The fi rst introductions of 
soybean cultivars to Nicaragua started in 1968. The present 
investigation took place in rural conditions during the last 
half of 1975 in the localities of Nagarote and La Calera and 
under conditions of irrigation by sprinklers in the valley of 
Sébaco from February to May of 1976. Address: Nicaragua.

2073. Schetter, Claus; Hess, Dieter. 1977. Nitrogenase 
activity on protoplasts isolated from root nodules of Glycine 
max. Biochemie und Physiologie der Pfl anzen 171(1):63-67. 
[22 ref]
• Summary: As a step toward possible induction of 
nitrogen fi xation in a non-legume, nitrogen fi xing root 
nodule protoplasts were isolated and fused to protoplasts 
from soybean cell suspensions. Attempts to further culture 
the products failed due to overgrowth by bacteria set free 
from burst protoplasts. Address: Lehrstuhl fuer Botanische 
Entwicklungsphysiologie, Univ. of Hohenheim, Stuttgart-
Hohenheim, W. Germany.

2074. Schubert, K.R.; Evans, H.J. 1977. The relation 
of hydrogen reactions to nitrogen fi xation in nodulated 
symbionts. In: W. Newton, J.R. Postgate, and C. Rodriguez-
Barrueco, eds. 1977. Recent Developments in Nitrogen 
Fixation. London & New York: Academic Press. xxiv + 622 
p. See p. 469-85. [53 ref]
• Summary: Nitrogen fertilizer typically comes in the form 
of anhydrous ammonia. “Hardy and Havelka (1975) have 
postulated that one limitation of N2 fi xation in legumes is 
the supply of photosynthate. If we assume that this is correct, 
then any source of ineffi cient utilization of photosynthate 
could theoretically reduce the quantity of N2 fi xed. A recent 
paper by Schubert and Evans (1976) implicated the ATP-
dependent evolution of H2 catalyzed by nitrogenase as a 
signifi cant pathway whereby energy may be lost during the 
N2-fi xation process. The factors that affect H2 evolution by 
modulated symbionts and infl uence the relative effi ciency 
of transfer of energy to the N2-reducing system are being 
investigated in our laboratory. The purpose of this paper 
is to review briefl y the status of our knowledge relevant to 
these areas.” Address: 1. Dep. of Botany; 2. Dep. of Plant 
Pathology. Both: Oregon State Univ., Corvallis, Oregon 
97331.

2075. Tajima, Shigeyuki; Yatazawa, M.; Yamamoto, Y. 1977. 
Allantoin production and its utilization in relation to nodule 
formation in soybeans–Enzymatic studies. Soil Science and 
Plant Nutrition (Tokyo) 23(2):225-35. [24 ref]
• Summary: Evidence accumulated in this study suggested 
that uricase in nodules is of bacteroid origin, and that purines 
are degraded in bacteroids. The mechanism of allantoin 
formation in bacteroids will be the subject of further studies. 
Address: Faculty of Agriculture, Nagoya Univ., Nagoya 464, 
Japan.

2076. Taylor, W.E.; Rhodes, E.R.; Sesay, A.; Haque, I. 
1977. Grain legume research in Sierra Leone: A review. 2. 
Soybeans. Tropical Grain Legume Bulletin No. 9. p. 14-16. 
[5 ref]
• Summary: Though the author of this article is from 
Swaziland, the article itself only concerns soybeans in Sierra 
Leone. It summarizes the results of eleven research projects 
with the following titles and researchers: Preliminary 
soybean variety trials with two levels of inoculation (S.B. 
Kamara; starting 1972). Evaluation of various soybean 
cultivars (S.M. Funnah and M.T. Dahniya). Effects of 
planting date on the yield and other agronomic characters 
of soybeans (S.M. Funnah and M.T. Dahniya). Effects of 
inoculation and nitrogen fertilizer on soybean (I. Haque, 
et al.). Phosphorus and zinc interaction on soybean (I. 
Haque and S.M. Funnah). Optimum fertilizer requirement 
for soybean (E.R. Rhodes and W.E. Taylor). Dry matter 
accumulation by two soybean cultivars (I. Haque, S.M. 
Funnah and C.S. Kamara). Effect of spacing, fertilizer and 
insecticide application on cultivars of soybeans (W.E. Taylor, 
E.R. Rhodes and A. Sesay). Effect of weeding at different 
crop growth stages on the growth and yield of long and 
short duration cultivars of soybeans (W.E. Taylor and S.B. 
Kamara). Studies on some cultural practices and incidence 
of “blight” on some soybean cultivars (W.E. Taylor and 
C.T. Pyne). Prospects and problems of soybean production 
in Sierra Leone (S.M. Funnah and M.T. Dahniya). Address: 
Senior Lecturer, Soil Science, University College of 
Swaziland, Luyengo, Swaziland.

2077. The Australian encyclopedia. 3rd ed.: Soybean. 1977. 
Sydney, New South Wales: The Grolier Society of Australia, 
Pty., Ltd. See vol. 5. p. 392-93. [2 ref]
• Summary: “In New South Wales, experience with the crop 
began about 1915. Some hundreds of varieties have been 
imported, mainly from the United States, but also from other 
countries. Particularly in the eastern States of Australia there 
has been extensive research into varieties, cultural practices, 
fertilisers, seed inoculation and so on. The success of the 
soybean industry in the United States led to the visit to that 
country in 1946 of an Australian Mission of Investigation... 
Between 1944 and 1951 the CSIRO introduced and tested 
many varieties from 18 countries. This programme lapsed, 
however, as did attempts at commercial production.
 “In the early 1960s New South Wales and Queensland 
re-established soybean investigations and research. By 
1968/9 soybean was attracting commercial attention. In that 
season 2,093 hectares produced 1,740 tonnes of soybeans. In 
the 1970s some 70,000 tonnes were produced annually from 
53,000 hectares sown. In New South Wales almost all the 
crop is irrigated, whereas in Queensland much of the crop 
is produced without the aid of irrigation.” Address: Sydney, 
NSW, Australia.
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2078. Tu, C.M.; Hietkamp, G. 1977. Effect of moisture 
on acetylene reduction (symbiotic nitrogen fi xation) by 
Rhizobium japonicum and soybean root nodules in silica 
sand. Communications in Soil Science and Plant Analysis 
8(1):81-86. [8 ref]
• Summary: Optimum water contents were 60 to 80% of 
capacity. Recovery by plants from moderate stress was 
considerable one hour after remoistening. Resumption of 
acetylene reducing activity was only slight at fi rst, but full 
recovery was effected in time.
 Note: Acetylene reduction by Rhizobium japonicum 
bacteria is equivalent to nitrogen fi xation. Address: Research 
Inst., Agriculture Canada, Univ. Sub Post Offi ce, London, 
Ontario N6A 5B7, Canada.

2079. Vincent, J.M.; Whitney, A.S.; Bose, J. eds. 1977. 
Exploiting the legume-Rhizobium symbiosis in tropical 
agriculture. College of Tropical Agriculture (Univ. of 
Hawaii), Miscellaneous Publication No. 145. xiv + 469 p. 
Proceedings of a workshop held at Kahului, Maui, Hawaii, 
Aug. 23-28, 1976, under the auspices of the University of 
Hawaii NifTAL Project. [200+ ref]
• Summary: Contents: Preface (NifTAL, founded by USAID 
in 1975 at the University of Hawaii’s College of Tropical 
Agriculture, stands for “Nitrogen Fixation by Tropical 
Agricultural Legumes.” It is based on Biological Nitrogen 
Fixation, or BNF). Workshop participants. Foreword. 
Twenty-fi ve chapters by various authors. Group discussions 
(summary).
 Soybeans are discussed mainly in one chapter in this 
book: “Inoculation of soybeans,” by J.R. Jardim Freire of 
Brazil (p. 335-79, which see). They are also mentioned in 
several other chapters: “An analysis of the role of legumes 
in multiple cropping systems,” by A.A. Gomez and H.G. 
Zandstra (p. 81-95; see p. 84, 86-87, 91). Also: 98, 103, 145, 
etc. Unfortunately, this book has no index.
 Note 1. This is the earliest document seen (Aug. 2018) 
that mentions “NifTAL.” Address: 1. Univ. of Sydney 
[Australia]; 2. Univ. of Hawaii; 3. Univ. of Hawaii NifTAL 
Project.

2080. Bhuvaneswari, T.V.; Bauer, W.D. 1978. Role of 
lectins in plant-microorganism interactions. III. Infl uence of 
rhizosphere / rhizoplane culture conditions on the soybean 
lectin-binding properties of rhizobia. Plant Physiology 
62(1):71-74. July. [20 ref]
• Summary: All of 11 soybean rhizobia and 2 of 6 cowpea 
rhizobia developed receptors to soybean lectin when cultured 
in root exudates or in association with roots of soybean 
seedlings. Six of the 11 strains did not develop specifi c 
SBL receptors when cultured in artifi cial media. Additional 
experimentation will be required to establish the role of 
lectin binding in specifi city. Address: Charles F. Kettering 

Research Lab., 150 East South College St., Yellow Springs, 
Ohio 45387.

2081. Davidson, F.; Reuszer, H.W. 1978. Persistence of 
Rhizobium japonicum on the soybean seed coat under 
controlled temperature and humidity. Applied and 
Environmental Microbiology 35(1):94-96. Jan. [10 ref]
• Summary: Survival on surface-sterilized seeds with 12 
different coating materials and under a range of temperature 
and humidity conditions was determined by viable counts. 
At 15ºC, survival on seeds after 3 weeks storage was from 
2.1% to 19.3%. Mineral oil held a good number of rhizobia 
on the seed with a relatively high percentage surviving, but 
the survival rate in all treatments was quite low after storage 
at 30ºC.
 “In recent years a great deal of interest has been centered 
on preinoculation of soybeans and the survival of Rhizobium 
japonicum on the soybean seed coat. A number of scientists 
have suggested that coating materials might prolong the 
survival of the applied rhizobia.” Address: 1. Research 
Seeds, Inc., St. Joseph, Missouri 64501; 2. Department of 
Agronomy, Purdue Univ., Lafayette, Indiana 47907.

2082. Abu-Shakra, S.S. 1978. Nitrogen fi xation and delayed 
leaf senescence in soybeans. Science 199(4332):973-75. 
March 3. [10 ref]
• Summary: “Incorporation of delayed leaf senescence into 
an agronomically desirable genetic background may help to 
increase seed yield and symbiotic nitrogen fi xation during 
seed development.” Address: Dep. of Agronomy and Range 
Science, Univ. of California, Davis 95616.

2083. Abu-Shakra, Salah S.; Phillips, D.A.; Huffaker, R.C. 
1978. Nitrogen fi xation and delayed leaf senescence in 
soybeans. Science 199(4332):973-975. March 3. [10 ref]
• Summary: “Several thousand plants in the F2 generation 
were examined to determine whether prolonged 
photosynthetic activity could lead to symbiotic nitrogen 
fi xation throughout seed development. The selected plant 
exhibited no detectable hydrogen evolution from nodules and 
had an acetylene-dependent ethylene production rate of 1.5 
µM/hr/gm dry nodule. Five of 14 F3 plants showed delayed 
senescence;” they lived longer. Address: Dep. of Agronomy 
and Range Science, Univ. of California, Davis, CA 95616.

2084. Bal, Arya K.; Shantharam, S.; Ratnam, S. 1978. 
Ultrastructure of Rhizobium japonicum in relation to its 
attachment to root hairs. J. of Bacteriology 133(3):1393-
1400. March. [37 ref]
• Summary: “In Rhizobium japonicum strain Nitragin 
61 A76, morphologically distinct types of bacteria were 
found to occur in yeast extract-mannitol broth cultures, 
at both mid-log and stationary phases. Of these only the 
capsular form, characterized by a smooth cell envelope, 
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storage granules (glycogen and poly-fl -hydroxybutyric 
acid), and an amorphous extracellular capsule, bound 
soybean lectin... Less than 1% of the bacterial population 
differentiated into these capsular forms, which were also able 
to attach to the soybean root hair surface.” Address: Dep. 
of Biology, Memorial Univ. of Newfoundland, St. John’s, 
Newfoundland, Canada A1B 3X9.

2085. De, Rajat; Gupta, R.S.; Singh, S.P.; Pal, Mahendra; 
Singh, S.N.; Sharma, R.N.; Kaushik, S.K. 1978. Interplanting 
maize, sorghum and pearlmillet with short-duration grain 
legumes. Indian J. of Agricultural Sciences 48(3):132-37. 
March. [9 ref]
• Summary: Total productivity per unit area was increased in 
some combinations when the cereal crops were interplanted 
with greengram, blackgram, soybean or groundnut. Address: 
Indian Agricultural Research Inst. (IARI), New Delhi 110 
012, India.

2086. Ham, G.E.; Lindemann, W.C.; Kvien, C.K.; Randall, 
G.W. 1978. Soybean inoculation trials. Soil Series No. 103. 
p. 153-54. March.
• Summary: Neither coating of seeds with inoculant nor 
application of granular inoculants caused a signifi cant 
increase of yield in fi elds where soybeans had been grown 
during the last 4 or 5 years. Address: 1. Soil Scientist, Dep. 
of Soils, Univ. of Minnesota, St. Paul, MN.

2087. Nitragin Sales Corporation. 1978. Have you been 
looking at the wrong end? Big soybean yields begin in the 
roots–not the leaves (Ad). Soybean Digest. March. p. 9.
• Summary: The top half of this full-page ad shows the 
roots of a soybean plant on which are large nodules growing 
underground–against an almost black background. Below 
that are the leaves and stem of the plant, so that the plant is 
upside down.
 The text: “You’ve seen it yourself. Nice leaves, good 
roots... but poor nodules. And there wasn’t much you could 
do until now. Fertilizers, just didn’t work. Well... now 
soybean growers have Soil Implant(TM) Nitragin®.
 “It’s not a fertilizer. It doesn’t have to be. The most 
important thing to a soybean plant is nitrogen. And that’s 
the purpose behind Soil Implant Nitragin. It activates the 
nodules, and makes nitrogen available to the plant in a totally 
natural way from the air.
 “Free fl owing Soil Implant Nitragin is easy to apply. 
Pour it into your planter’s insecticide hopper and plant your 
seed. As you do, each seed is cushioned in a bed of potent 
Soil Implant peat granules that start working immediately to 
give you big yields.
 “It’s a common sense approach to increased yields. 
And we’ll prove it. We’ll send you documented proof that 
Soil Implant Nitragin has done the trick for a lot of your 
fellow soybean growers. To get that proof, write us. After 

all, thirteen cents is a small price to pay for bigger potential 
yields.
 “Soybean growers reporting increases, averaged 
improved yields of 3.1 bushels, $17.63 more per acre with 
Soil Implant.”
 Next to a photo of a large bag is printed: “Since 1898, 
the best thing next to good legume seed.” Address: 3101 W. 
Custer Ave., Milwaukee, Wisconsin 53209.

2088. Wahua, T.A.T.; Miller, D.A. 1978. Relative yield 
totals and yield components of intercropped sorghum and 
soybeans. Agronomy Journal 70(2):287-91. March/April. [19 
ref]
• Summary: “Intercropping is popular among small-scale 
farmers in tropical and subtropical environments.” Some 
of the reasons, which have been thoroughly discussed, are: 
“built-in balanced nutritional supply of energy and protein 
(2), profi t and resource maximization (8, 14), effi cient water 
utilization (3), inexpensive weed control (6), minimization of 
agricultural risks (2, 10), and improvement of soil fertility.”
 The next step is to determine the processes The 
data from a 2 year fi eld study indicate that a judicious 
combination of cultivars and plant density can result in 
profi table total yields per unit land area. Relative yield 
totals of 108 and 111% were achieved. Address: 1. Former 
graduate student, now asst. prof., Dep. of Agronomy, Univ. 
of Ibadan, Nigeria; 2. Univ. of Illinois, Urbana, IL.

2089. Wahua, T.A.T.; Miller, D.A. 1978. Effects of 
intercropping on soybean N2-fi xation and plant composition 
on associated sorghum and soybeans. Agronomy Journal 
70(2):292-95. March/April. [15 ref]
• Summary: “Nitrogen-fi xation by soybeans grown with 
tall sorghum was reduced 99% due to reduction in number 
of nodules per plant (77%), weight per nodule (50%), and 
specifi c nodule activity, SNA, (96%). Soybean dry matter 
and seed percent oil were also reduced by 87 and 8%, 
respectively. Soybean percent seed protein and leaf N were 
unaffected by intercropping.” Address: 1. Former graduate 
student, now asst. prof., Dep. of Agronomy, Univ. of Ibadan, 
Nigeria; 2. Univ. of Illinois, Urbana, IL.

2090. Orellana, R.G.; Fan, F.; Sloger, C. 1978. Tobacco 
ringspot virus and Rhizobium interactions in soybean 
impairment of leghemoglobin accumulation and nitrogen 
fi xation. Phytopathology 68(4):577-82. April. [24 ref]
• Summary: Budblight disease severely delayed nodulation 
until early bloom, then suppressed nitrogen fi xation. 
Impairment of the symbiotic system by TRSV contributed 
to the poor performance by the infected plants. Address: 
Applied Plant Pathology Lab., USDA, Beltsville, Maryland 
20705.

2091. Shivashankar, K.; Vlassak, K. 1978. Infl uence of straw 
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and CO2 on N2-fi xation and yield of fi eld-grown soybeans. 
Plant and Soil 49(2):259-66. April. [11 ref]
• Summary: Incorporation of straw, with or without CO2 
enrichment, markedly infl uenced N2-fi xation and yield. 
Nitrogenase activity was increased up to four-fold by straw 
at 4 t/ha alone or straw 2 t/ha + CO2. This study confi rms 
that straw can be considered to provide a partial substitute 
for expensive CO2-enrichment for improving nitrogen 
fi xation. Address: Lab. of Soil Fertility and Soil Biology, 
Faculty of Agricultural Sciences, Katholieke Universiteit 
Leuven, B-3030 Heverlee, Belgium.

2092. Boyd, William I. 1978. Soybean seed and treatment. 
American Agriculturist 175(5):16. May.
• Summary: The fi rst step to successful growing of soybeans 
in New York is to fi nd the right short-season varieties. Seed 
should be treated with an inoculant and a fungicide. Address: 
Phelps, Seneca County, New York.

2093. Nelson, D.W.; Swearingin, M.L.; Beckham, L.S. 1978. 
Response of soybeans to commercial soil-applied inoculants. 
Agronomy Journal 70(3):517-18. May/June. [12 ref]
• Summary: No yield responses or increase in nodule mass 
per plant resulted from either soil inoculants or seed-applied 
inoculants. The test fi eld had not been cropped to soybeans 
for more than 15 years. Address: Indiana Agric. Exp. Station, 
Purdue Univ., Lafayette, Indiana 47907.

2094. O’Gara, Fergal; Shanmugam, K.T. 1978. Mutant 
strains of clover rhizobium (Rhizobium trifolii) that form 
nodules on soybean (Glycine max). Proceedings of the 
National Academy of Sciences, USA 75(5):2343-47. May. [16 
ref]
• Summary: Mutant strains were used for the selection 
of additional mutants with altered host range properties. 
The selected mutual strains produced effective nodules on 
mungbean and soybean plants, but either failed to nodulate 
clover or formed ineffective nodules. One strain also 
consumed hydrogen from the gas phase. The mutant strains 
had a generation time almost twice that of the parent. Other 
alterations in characteristics were also studied. Address: 
Plant Growth Lab. and Dep. of Agronomy and Range 
Science, Univ. of California, Davis, CA 95616.

2095. Pueppke, Steven G.; Bauer, W.D.; Keegstra, K.; 
Ferguson, A.L. 1978. Role of lectins in plant-microorganism 
interactions. II. Distribution of soybean lectin in tissues of 
Glycine max (L.) Merr. Plant Physiology 61(5):779-84. May. 
[30 ref]
• Summary: Lectin from various tissues of soybean 
plants was quantifi ed by three assay procedures: standard 
hemagglutination, radioimmunoassay, and isotope dilution. 
Most of the seed lectin was found in the cotyledons, with 
less detected in the embryo axis and seed coat. Lectin was 

present in all the tissues of seedlings, but decreased with 
maturity until no longer detectable after 2 to 3 weeks. Lectin 
isolated from seeds of several soybean varieties was identical 
when compared by several methods. There is some evidence 
that SBL in tissues is either synthesized within the tissue 
or transported there from the cotyledons, with the latter as 
the more likely source. The absence of SBL in older root 
tissue raises questions about its role in rhizobial infection. 
Address: 1-2. Charles F. Kettering Research Lab., 150 East 
South College St., Yellow Springs, Ohio 45387; 3-4. Dep. of 
Microbiology, State Univ. of New York, Stony Brook, New 
York 11790.

2096. Skrdleta, V.; Nasinec, V.; Hyndrakova, A.; Nemcova, 
M. 1978. Dinitrogen fi xation–acetylene reduction in 
soybeans during the reproductive growth period. Biologia 
Plantarum (Prague) 20(3):210-16. May. [25 ref. Eng]
• Summary: Total and specifi c nitrogenase activities 
peaked 63 days after sowing, near the end of fl owering. 
Photosynthetic activity and nodule weight were the 
most infl uential factors in the fi rst exponential portion of 
nitrogenase activity under controlled-moisture greenhouse 
conditions. Address: 1, 3-4. Inst. of Experimental Botany, 
Czechoslovak Academy of Sciences, Prague; 2. Research 
Institutes of Crop Production, Prague.

2097. Vesper, Stephen J.; Weidensaul, T.C. 1978. Effects of 
cadmium, nickel, copper and zinc on nitrogen fi xation by 
soybeans. Water, Air & Soil Pollution 9(4):413-22. May. [28 
ref]
• Summary: The degree of toxicity was, generally, Cd > Ni > 
Cu > Zn. Copper reduced nodulation, but inhibited nitrogen 
fi xation directly only at 5 ppm or greater. Address: 1. 
Graduate Associate, Dep. of Plant Pathology, The Ohio State 
Univ., Columbus, OH 43210.

2098. Wahua, T.A.T.; Miller, D.A. 1978. Effects of shading 
on the N2-fi xation, yield, and plant composition of fi eld-
grown soybeans. Agronomy Journal 70(3):387-92. May/
June. [23 ref]
• Summary: Total nitrogen fi xing activity decreased 
curvilinearly under increasing shading (20 to 93%), while 
specifi c nodule activity decreased linearly. Grain yields 
ranged from 90% of unshaded plants at 20% shade to 2% 
at 93% shade. Substantial nitrogen fi xation requires at least 
80% ambient illumination. Address: 1. Former graduate 
student, now asst. prof., Dep. of Agronomy, Univ. of Ibadan, 
Nigeria; 2. Univ. of Illinois, Urbana, IL.

2099. Sidloi-Lumbroso, Rose; Kleiman, L.; Schulman, H. 
1978. Biochemical evidence that leghemoglobin genes are 
present in the soybean but not in Rhizobium genome (Letter 
to the editor). Nature (London) 273(5663):558-60. June 15. 
[17 ref]
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• Summary: Biochemical proof of the location of the Lb 
(leghaemoglobin) genes has been lacking because it has not 
been possible to detect Lb in legume tissues in the absence 
of Rhizobium. Hybridization of DNA complementary to Lb 
with soybean but not with Rhizobium DNA was reported in 
this paper. Address: Lady Davis Inst. for Medical Research, 
Jewish General Hospital, Montreal, Quebec, Canada H3T 
1E2.

2100. Pull, S.P.; Pueppke, S.G.; Hymowitz, T.; Orf, J.H. 
1978. Soybean lines lacking the 120,000-dalton seed lectin. 
Science 200(4347):1277-79. June 16. [17 ref]
• Summary: Five lines of soybeans which totally lacked the 
120,000-dalton soybean lectin were identifi ed. Inoculation 
tests showed that this lectin is probably not required for the 
initiation of soybean-Rhizobium symbiosis.
 Roughly 175 million tonnes (metric tons) of atmospheric 
nitrogen are biologically fi xed each year by microorganisms. 
About half of this total is the result of symbiosis between 
legumes and bacteria of the genus Rhizobium. A given 
legume is usually nodulated by only a small group of 
rhizobial strains. Address: 1-2. Dep. of Biology, Univ. of 
Missouri, St. Louis, Missouri 63121; 3-4. Dep. of Agronomy, 
Univ. of Illinois, Urbana, Illinois 61801.

2101. Emerich, D.W.; Burris, R.H. 1978. Complementary 
functioning of the component proteins of nitrogenase from 
several bacteria. J. of Bacteriology 134(3):936-43. June. [21 
ref]
• Summary: Discusses Azotobacter vinelandii and soybean 
root nodules. Address: Dep. of Biochemistry and Center for 
Nitrogen Fixation, College of Agricultural and Life Sciences, 
Univ. of Wisconsin–Madison, Madison, Wisconsin.

2102. Meeks, John C.; Wolk, C.P.; Schilling, N.; Schaffer, 
P.W.; Avissar, Y.; Chien, W-S. 1978. Initial organic products 
of fi xation of [13N]dinitrogen by root nodules of soybean 
(Glycine max). Plant Physiology 61(6):980-83. June. [23 ref]
• Summary: The initial product of fi xation was glutamine, 
then glutamate and alanine. After 15 minutes, the major 
isotope-labeled products were glutamate and alanine, with 
glutamine comprising only a small fraction. The idea that 
glutamine synthase-glutamate synthase is the primary route 
for assimilation of fi xed nitrogen in soybean nodules was 
supported by the results of this study. Address: 1-4. Michigan 
State Univ.-ERDA Plant Research Lab,,, E. Lansing, 
Michigan 48824.

2103. Peterson, Jay B.; Evans, H.J. 1978. Properties 
of pyruvate kinase from soybean nodule cytosol. Plant 
Physiology 61(6):909-14. June. [31 ref]
• Summary: The studies indicated that pyruvate kinase from 
plant cells of soybean nodules is regulated in a way that 
contributes to effi cient nitrogen fi xation by providing proper 

quantities of PEP for PEP carboxylase and the subsequent 
synthesis of aspartate and asparagine during nitrogen 
fi xation.
 See the correction on p. 913, column 2, paragraph 3, 
lines 15, 19 and 21. Address: Dep. of Botany and Plant 
Pathology, Oregon State Univ., Corvallis, Oregon 97331.

2104. Varela, Raul; Munevar, F. 1978. Comportamiento de 
cepas de Rhizobium japonicum asociadas com variedades 
de Soya (Glycine max (L.) Merr) seleccionadas para el 
Departamento del Tolima [Behavior of Rhizobium japonicum 
strains associated with varieties of soybeans selected for 
the Department of Tolima]. Revista (Instituto Colombiano 
Agropecuario) (Bogota, Colombia) 13(2):249-55. June. [9 
ref. Spa; eng]
• Summary: “Greenhouse studies were conducted to 
observe the behavior of nine Rhizobium japonicum strains 
in association with three soybean genotypes (L-108, L-109 
and L-120) of promising characteristics of adaptation to 
the environment of the Department of Tolima (Colombia). 
The strains were supplied by the Centro Internacional 
de Agricultura Tropical (CIAT). The study included an 
experiment using seedling agar medium and another one in 
which the soybean plants were grown in pots containing soils 
from Perales series (Ibague plateau) and Dindalito series 
(Espinal).
 “The results confi rmed the specifi city of the Rhizobium 
japonicum-plant genotype association. Strains CIAT 1 and 
51 were affected the least by the plant genotype. The highest 
plant nitrogen-content, nodule dry-weight and dry-matter 
production were obtained with these strains. These results 
allow us to suggest their use for preparing inocula for the 
indicated genotypes and soils.
 “The soils studied supplied very small amounts of 
nitrogen to the soybean plant and had almost null populations 
of Rhizobium japonicum, which emphasizes the need for 
inoculation.
 “The results of the seedling-agar study indicated that 
dry-matter production is a suitable parameter for a quick and 
low cost comparison of Rhizobium japonicum strains, since 
it is correlated with nodule dry-weight and percent nitrogen 
of the aerial part of the plant.” Address: Program of Studies 
for Graduates UN-ICA and the Division of Agronomy, 
Colombian Agricultural Institute (ICA) (Programa de 
Estudios para Graduados UN-ICA y de la Division de 
Agronomia, Instituto Colombiano Agropecuario (ICA)).

2105. Boonkerd, Nantakorn; Weber, D.F.; Bezdicek, 
D.F. 1978. Infl uence of Rhizobium japonicum strains 
and inoculation methods on soybeans grown in rhizobia-
populated soil. Agronomy Journal 70(4):547-49. July/Aug. 
[24 ref]
• Summary: This study was conducted to determine if 
inoculant strains could nodulate soybeans in competition 
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with indigenous rhizobia, leading to enhancement in nitrogen 
fi xation. Various levels of inoculant in peat and in broth were 
applied, but nodulation and growth were not affected. The 
distribution of serogroups in the nodules was affected by 
heavy doses of broth, but not by peat inoculation. Address: 
Maryland Agric. Exp. Station, Dep. of Agronomy, Univ. 
of Maryland, College Park, MD., and the Plant Physiology 
Inst., SEA, USDA, Beltsville, MD 20705.

2106. Lal, R.B.; De, Rajat; Singh, R.K. 1978. Legume 
contribution to the fertilizer economy in legume-cereal 
rotations. Indian J. of Agricultural Sciences 48(7):419-24. 
July. [9 ref]
• Summary: The fertilizer N requirement for a target wheat 
yield was 32 kg N/ha after a legume fodder crop, compared 
with 74 kg N/ha after soybean. Address: Indian Agricultural 
Research Inst. (IARI), New Delhi, India.

2107. Maier, Robert J.; Brill, Winston J. 1978. Mutant strains 
of Rhizobium japonicum with increased ability to fi x nitrogen 
for soybean. Science 201(4354):448-50. Aug. 4. [15 ref]
• Summary: “Abstract: A strain of Rhizobium japonicum 
used in commercial inoculants was mutagenized and 
screened by a rapid effectiveness assay with soybean plants. 
Two mutant strains nodulated the roots earlier than the wild 
type and also expressed greater symbiotic nitrogen fi xing 
activity than the wild type in the presence and absence of 
fi xed nitrogen. In addition, one of the mutants formed more 
root nodules than the wild type.”
 “Plants inoculated with these strains had increased dry 
weights (about 60 percent) and nitrogen content (about 100 
percent) when grown in growth chambers.” Address: Dep. 
of Bacteriology and Center for Studies of Nitrogen Fixation, 
Univ. of Wisconsin, Madison, Wisconsin 53706.

2108. Bose, John, II. comp. 1978. The legume / rhizobium 
symbiosis in tropical agriculture: A selective bibliography 
with annotations. College of Tropical Agriculture & Human 
Resources (Univ. of Hawaii), Miscellaneous Publication No. 
161. 223 p. Aug. [1181 ref]
• Summary:  See next page. An excellent, extensive 
bibliography. “Compiled for the NifTAL Project, Paia, Maui, 
Hawaii.” This work was supported by the United States 
Agency for International Development (USAID). The index, 
under Glycine max, lists 166 references relating to soybeans. 
There is also one reference each under Glycine javanica and 
Glycine spp.
 This book cites only documents published from 1971 to 
1977.
 “Abstract: A subject arranged listing of selected 
articles appearing mainly in specialized journals from 1971 
through mid-1978. Of the 1181 entries, 826 [70.0%] have 
been annotated to elicit their relevance to the subject of the 
bibliography.

 Preface: Most of the items in this bibliography were 
located by a computer search of magnetic tapes of the 
National Agricultural Library Catalog (CAIN). Retrieval 
service was provided by the University of Hawaii College of 
Tropical Agriculture and Human Resources under a contract 
agreement with the U.S. Department of Agriculture Research 
Service. The CAIN retrievals were augmented by manual 
searches, offprint requests from listings in Current Contents, 
and by numerous articles received through the mail from 
cooperating workers.
 “The annotations were written after perusal of the full 
text of the articles. For this reason, only those items rather 
immediately available in Hawaii were annotated. An effort 
was made to relate all materials to the subject confi nes of 
this bibliography. In some cases this has involved a shift in 
emphasis from that expressed in the original article.
 “The subject assignments are admittedly arbitrary, 
intended not to isolate discrete areas of work but rather to 
facilitate a relating of the areas one to another. The syndetic 
suggestions at the conclusion of some sections should 
be consulted to broaden the search for certain kinds of 
information.
 “Institutional affi liations of authors as indicated on their 
individual papers are provided for identifi cation only, and 
are by no means intended to give either current or complete 
addresses.
 “Unless otherwise indicated by an abbreviated language 
notation in parenthesis after the title, all articles are in 
English. Most of the non-English language publications 
include English summaries or abstracts.
 “This compilation is limited in scope, and claims neither 
inclusiveness nor comprehensiveness. Monographic works 
and publications of proceedings and symposia deserve fuller 
coverage to do justice to their contribution to the literature. 
Omissions are nevertheless regretted, and written suggestions 
for additions to be included in future supplements will be 
gratefully received. The regular mailing of offprint copies of 
relevant articles would be of greatest value to this continuing 
project.” Address: NifTAL Project, Paia, Maui, Hawaii.

2109. Continental Grain Company. 1978. We’re trying 
to teach cereal grains to make their own fertilizer (Ad). 
Soybean Digest. Sept. p. 23.
• Summary: On the top half of this full-page ad is a 
photograph of fi ngers holding a test tube against a black 
background. In the test tube is a white liquid and an object 
that looks like kefi r grains.
 Below that is this text:
 “It’s called ‘nitrogen fi xation’–and legumes, such as 
soybeans, alfalfa and clover, do it all the time.
 “Or–to be more precise–they have it done for them 
by certain soil bacteria which the legumes attract and 
‘domesticate!’
 “These talented bacteria use the energy of the sun to 
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convert atmospheric nitrogen into a form which the host 
plants can use as fertilizer.
 “In return, the plants provide carbon and energy for the 
bacteria.
 “Using the legume as a model, scientists are seeking to 
genetically alter such cereal grains as corn and wheat so they 
can also host nitrogen-fi xing bacteria.
 “If this could be accomplished, farmers could ease 
their dependence on commercial nitrogen fertilizers for the 
economical production of cereal grains.
 “At Continental Grain, our interests go far beyond the 
transport, marketing or storing of grain. Through direct 
participation and fi nancial support of programs such as this, 
we are also involved in a wide range of research aimed 
at improving opportunities for agriculture in the U.S. and 
around the world.
 “The search for self-fertilizing cereal grains is just one 
example of our commitment to such activities.
 “Continental Grain Company, 277 Park Avenue, New 
York, N.Y. 10017.” Address: 277 Park Ave., New York, N.Y. 
10017.

2110. Tu, J.C. 1978. Prevention of soybean root nodulation 
by tetracycline and its effect on soybean root rot caused by 
an alfalfa strain of Fusarium oxysporum. Phytopathology 
68(9):1303-06. Sept. [15 ref]
• Summary: Tetracycline was lethal to rhizobia at relatively 
low levels, but not to P. oxysporum. Because inoculation 
with rhizobia reduces root rot, the disease was more severe 
with tetracycline than without it. Address: Research Station, 
Agriculture Canada, Harrow, Ontario, Canada N0R 1G0.

2111. Duke, Stanley H.; Schrader, L.E.; Miller, M.G.; Niece, 
R.L. 1978. Low temperature effects on soybean (Glycine 
max [L.] Merr. cv. Wells) free amino acid pools during 
germination. Plant Physiology 62(4):642-47. Oct. [35 ref]
• Summary: Differences in the relative proportions and 
distribution of glutamate, aspartate and peptides in seed 
tissues after germination at 10ºC and 23ºC were determined. 
The activities of glutamine synthetase and asparagine 
synthetase were considerably lower in the lower temperature 
situation. Address: 1-3. Dep. of Agronomy; 4. Dep. of 
Physiological Chemistry. All: Univ. of Wisconsin, Madison, 
WI 53706.

2112. Ewing, Linda. 1978. Rotation cuts costs and boosts 
yields: Rotating your corn and soybeans can increase yields 
signifi cantly for both crops. Soybean Digest. Oct. p. 18.
• Summary: “Corn/soybean rotations could net you 
increased corn yields of 10 to 20 bushels or more, over 
continuous-corn yields, and at the same time cut your 
fertilizer costs... We’re fi nding a yield increase that favors 
growing soybeans after corn instead of continuous soybeans. 
This increased yield amounts to 4 or 5 bushels an acre... The 

measurable nitrogen contribution from soybeans is roughly 
1 pound of nitrogen equivalent for 1 bushel of soybean 
yield. In other words, a soybean crop yielding 40 bushels an 
acre will contribute, roughly, 40 pounds of nitrogen for the 
following crop.”

2113. Galston, Arthur W. 1978. Sex and the soybean. Natural 
History 87:132-40. Oct.
• Summary: Gives a detailed description of soybean 
reproduction, photosynthesis, nitrogen fi xation, 
photoperiodism, and fl origen synthesis. “Some varieties of 
soybeans such as Agate or Batorawka, will fl ower when they 
reach a certain age or stage of maturity without relying on 
environmental conditions. Others, such as Peking or Biloxi, 
require short days before they can initiate their sexual stage... 
This photoperiodic requirement insures that the plant will be 
large and vigorous before it fl owers... and also guarantees 
that fl owering and fruit-set will be complete before the 
fi rst frost... The photoperiodic control of fl owering was 
discovered in the United States in 1920, but despite more 
than half a century of intensive research all over the world, 
the intimate biochemical details of the process are still not 
understood. Since the late 1930s, scientists have known 
that the soybean uses the dark rather than the light period 
of the day to measure its photoperiod. Thus, if the critical 
photoperiod turns out to be fourteen hours, the true control 
is ten hours of unbroken darkness. The critical dark period 
is effective whether it is surrounded by four or fourteen 
hours of light. To some degree, dark-time measurement is 
controlled by the state of phytochrome, a pigment discovered 
in 1959 that governs the plant’s response to light. When 
exposed to sunlight, this pigment becomes active; when 
stored in darkness, it decays back down to its original, or 
ground level, state...
 “Although the buds of the plant change suddenly from 
producing leaves to forming fl owers, the vegetarian leaves 
of the plant, rather than the buds, perceive the photoperiodic 
stimulus.” Address: Teacher of biology, Yale Univ., New 
Haven, Connecticut.

2114. Harper, James E.; Nicholas, J.C. 1978. Nitrogen 
metabolism of soybeans. I. Effect of tungstate on nitrate 
utilization, nodulation, and growth. Plant Physiology 
62(4):662-64. Oct. [14 ref]
• Summary: Tungstate, a known inhibitor of nitrate 
reductase, caused an increase in nodule mass and acetylene 
reduction when accompanied by NO3-, but caused a 
decrease of those parameters when accompanied by urea. 
The evidence suggests that NO3- does not directly inhibit 
nodulation, but has an indirect effect through subsequent 
metabolism. Address: USDA Science & Education 
Administration, Federal Research and Dep. of Agronomy, 
Illinois Agric. Exp. Station, Urbana, Illinois 61801.
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2115. Paau, Alan S.; Cowles, J.R. 1978. Studies on 
bacteroid size and nucleic acid content of alfalfa bacteroids 
fractionated by velocity sedimentation. Canadian J. of 
Microbiology 24(10):1283-87. Oct. [22 ref]
• Summary: “Ching and co-workers (1977) reported the use 
of an equilibrium centrifugation procedure to fractionate 
soybean bacteroids according to density.” Address: Dep. of 
Biology, Univ. of Houston, Texas 77004.

2116. Shurtleff, William. 1978. Protein source for the future. 
PHP (Japan). Oct. p. 8-18, 79-82. Illust. 18 cm.
• Summary: Contents: Introduction. Ten reasons why 
soybeans will be the protein source of the future: 1. 
Optimum land utilization. 2. Lowest cost source of protein 
in almost every country of the world. 3. High nutritional 
value. 4. Time tested for over 2,000 years. 5. Remarkably 
versatile. 6. Appropriate technology (“Traditional soyfoods 
can be produced in cottage industries”). 7. New dairylike 
products. 8. Soybeans are hardy and adaptive. 9. Free 
nitrogen fertilizer from nodules on soybean plants. 10. Great 
productivity potential.
 Discusses new patterns of soy protein utilization, with 
specifi c reference and descriptions of tofu, soymilk, tempeh 
(“Indonesia’s most popular soyfood”), miso, shoyu, whole 
dry soybeans, roasted soybeans, fresh green soybeans, 
soy fl our, kinako, soy sprouts, and textured soy protein 
(TVP), yuba, and natto. Concludes with a discussion of new 
developments in the Western world.
 Note: This is the earliest English-language document 
seen (Aug. 2013) that contains the word “dairylike” (written 
as one word) in connection with soyfoods. Address: New-
Age Foods Study Center, P.O. Box 234 (951½ Mountain 
View Dr.), Lafayette, California 94549. Phone: 415-283-
2991.

2117. Baulcombe, David; Verma, Desh Pal S. 1978. 
Preparation of a complementary DNA for leghaemoglobin 
and direct demonstration that leghaemoglobin is encoded by 
the soybean genome. Nucleic Acids Research 5(11):4141-53. 
Nov. [37 ref]
• Summary: The complementary DNA hybridized with 
soybean DNA but not with Rhizobium DNA, directly 
demonstrating that Lb genes are of plant origin. Address: 
Dep. of Biology, McGill Univ., Montreal, Canada.

2118. Carling, D.E.; Riehle, W.G.; Brown, M.F.; Johnson, 
D.R. 1978. Effects of a vesicular-arbuscular mycorrhizal 
fungus on nitrate reductase and nitrogenase activities in 
nodulating and non-nodulating soybeans. Phytopathology 
68(11):1590-96. Nov. [20 ref]
• Summary: “The root systems of soybeans can be infected 
by vesicular-arbuscular (VA) endomycorrhizal fungi and by 
nitrogen-fi xing bacteria.” This paper suggests that while that 
while the VA fungi, “which can assist legumes in the update 

of phosphorus, do not interact directly with nitrogen-fi xing 
bacteria.”
 Nodulating soybean plants also infected with Glomus 
fasciculatus had higher rates of nitrogenase and nitrate 
reductase activity, and showed increases in total dry weight 
and nodule dry weight compared to singly inoculated or 
noninfected plants. Address: Depts. of Plant Pathology and 
Agronomy, Univ. of Missouri, Columbia, MO 65211.

2119. Fellows, Robert J.; Egli, D.B.; Leggett, J.E. 1978. 
A pod leakage technique for phloem translocation studies 
in soybean (Glycine max [L.] Merr.). Plant Physiology 
62(5):812-14. Nov. [24 ref]
• Summary: “Radioactive photosynthetic assimilates, 
translocated to a soybean (Glycine max [L.] Merr. ‘Fiskeby 
V’) pod can be measured directly by excising the stylar tip of 
the pod under 20 mM ethylenediaminetetraacetate solution 
(pH 7.0) and allowing the material to leak into the solution.” 
Address: Dep. of Agronomy, Univ. of Kentucky, Lexington, 
Kentucky 40506.

2120. Jeppson, R.G.; Johnson, R.R.; Hadley, H.H. 1978. 
Variation in mobilization of plant nitrogen to the grain in 
nodulating and non-nodulating soybean genotypes. Crop 
Science 18(6):1058-62. Nov/Dec. [12 ref]
• Summary: A higher proportion of total N content in 
the seed vs. the remainder of the plant would give a 
greater effi ciency to soybeans. Genotype differences in N 
mobilization were recorded, but harvest N indices were not 
signifi cantly affected by N fertilization. A technique for 
screening a large number of genotypes for N effi ciency was 
proposed. Address: Dep. of Agronomy, Illinois Agric. Exp. 
Station, Urbana, IL 61801.

2121. Mengel, D.B.; Kamprath, E.J. 1978. Effect of soil 
pH and liming on growth and nodulation of soybeans in 
Histosols. Agronomy Journal 70(6):959-63. Nov/Dec. [20 
ref]
• Summary: “Soil acidity severely limits the growth of 
soybeans... on Histosols in North Carolina.” The critical 
range of soil pH for shoot, root and nodule growth was 4.6 to 
4.8 for most soils. Positive effects of liming were attributed 
to decreasing Al toxicity, increasing soluble Ca and Mg, and 
more favorable pH for Rhizobium activity. Address: North 
Carolina Agric. Exp. Station, Raleigh, N.C.

2122. Boonkerd, Nantakorn; Bezdicek, D.F.; Weber, D.F. 
1978. Comparative evaluation of Rhizobium japonicum 
strains by acetylene reduction and other methods. Legume 
Research (Karnal, India) 2(1):1-10. Dec. [10 ref]
• Summary: The acetylene reduction technique is considered 
advantageous over using nodule mass in strain evaluation. 
Some strains produce substantial nodule mass but were 
ineffi cient in nitrogen fi xation rate. Address: Dep. of 
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Agronomy and Soils, Washington State Univ., Pullman, WA 
99164.

2123. Davis, A.G. 1978. Wheat and soyabeans in the Mazoe 
Valley. Rhodesia Agricultural Journal 75(6):161-72. Nov/
Dec. [56 ref]
• Summary: Mazoe is a fertile valley in northeast central 
Zimbabwe, 20 miles north of Harare. Although experimental 
work on soyabeans started in Rhodesia in 1925, they were 
not grown on a commercial scale on European farms until 
1940. The Griffi th Committee, established by the Federal 
Government to examine the possibilities of expanding 
soyabean production, published its report in 1961; it 
drew attention to the fact that “reluctance to the growing 
of soyabeans stems largely from the low yields obtained 
resulting in an insuffi ciently attractive return per acre.” The 
low yields may have resulted from problems in inoculation. 
On marketing, the Committee noted the need for an assured 
and regular supply of soyabeans in order to justify the 
installation of a commercial soybean crushing plant. In 1963 
only 784 ha were cultivated, dropping to 364 ha in 1966, 
notwithstanding the efforts of Government to foster the 
crop’s development in terms of research, extension, and from 
1967 the provision of certifi ed and approved seed.
 Traditionally soyabeans were sold directly to the trade, 
but starting in 1957 the Grain Marketing Board began 
to act as a residual buyer; from 1964 to 1968 the Board 
set guaranteed prices. Then in 1969 soyabeans became a 
controlled product, and all were purchased by the Grain 
Marketing Board under rigid standards of acceptance with 
guaranteed prices. Soyabeans did not assume commercial 
importance in the Mazoe Valley until the 1960s. Since 1967, 
fairly comprehensive statistics have been kept by the Central 
Statistics Offi ce. In the Valley, in the 9 year period from 
1967 to 1976 there was a remarkable expansion from 76 ha 
to 3,567 ha; the number of farms growing soyabeans jumped 
from 9 to 81. By 1976 yields exceeded 1.5 tonnes/ha, and 
yields exceeding 3 tonnes/ha were obtained on 4 farms in 
1975.
 Also discusses expansion of soyabeans in the Valley, 
plant breeding, inoculation, fertilizers, soyabean trials in 
the Valley, irrigation, crop protection, production in the 
Tribal Trust Lands in the Valley, harvesting and drying, 
production of soyabean seed and forage, marketing prices 
and gross margins (the Grain Marketing Board), levies, 
future prospects for growing soyabeans in the Valley, 
acknowledgements. Address: Dep. of Agriculture, Univ. of 
Rhodesia.

2124. Hittle, Carl N. 1978. Soybean potential in Nepal: A 
report. Mimeographed, spiral-bound manuscript. 30 p. 28 
cm. [26 ref]
• Summary: Dr. Hittle served as a soybean consultant 
in Nepal from Sept. 23 to Oct. 11, 1978. Contents: 1. 

Introduction. 2. Terms of reference for soybean consultant. 
3. Background information: Soybean production, production 
research, evaluation of germplasm, local varieties and 
selections, preservation of soybean germplasm, rhizobial 
microbiology, economics of soybeans, soybean statistics, 
present uses of soybeans in Nepal, Food Research Services 
of the Ministry of Food, the dairy industry in Nepal, solvent 
extraction, CARE, UNICEF. 4. Observations at the research 
stations: Kakani Hill Station, Pakhribas Agricultural 
Centre, Lumle Agricultural Centre, Central Research 
Station–Khumaltar, Bhairawa Agricultural Farm, Rampur 
Agricultural Experiment Station, National Rice Station–
Parwanipur.
 Note 1. The fi rst 3 stations are located in the hills, 
Khumaltar is in the Kathmandu Valley, and the last 3 are 
located in the plains (Tarai [Terai]).
 5. Comments and suggestions: Priority of soybeans, 
operational work plan, assignment of national staff, 
assignment of international staff, training, linkages, a 
national soybean research center. Appendixes. I. Itinerary of 
C. N. Hittle. II. Persons met by soybean consultant. III. List 
of background information. IV. Sarbottam Pitho (Super Flour 
made from 50% soybeans). Uses of soybeans.
 The soybean is an ancient crop in Nepal. Generally its 
culture has been restricted to terraces and valleys ranging 
from 500 to 1,500 meters (1,642 to 4,925 feet) in altitude. 
Soybeans are usually grown at lower altitudes in single rows 
on the bunds of rice paddy fi elds, or at higher altitudes as 
an intercrop with maize or millet. Hectarage is diffi cult to 
estimate; estimates made from 1976 to 1978 range from 
10,000 to 70,000 hectares. Yields are low, ranging from 300 
to 500 kg/ha. This is because of the two ways soybeans are 
traditionally grown, because they rarely have been grown 
in the Tarai [Terai] (Plains area) where higher yields can 
be expected, and because little emphasis has been given to 
developing superior varieties and cultural practices.
 Soybeans are used mainly for human food in Nepal by 
“roasting the dried seeds (parching) or as green vegetables 
(boiling or frying the green pods followed by shelling of 
the seeds and eating the green soybeans). Parched soybeans 
are frequently mixed with popped maize (corn) and eaten 
daily as tiffi n. Green soybeans are frequently mixed with 
other vegetables to make curry. A snack food is prepared by 
removing the seed coat of parched soybeans, splitting the 
cotyledons and mixing with garlic, salt, and chilli powder. 
Sprouted soybeans are mixed with other sprouted pulses and 
used as vegetable soup. Fermented soya products include 
soya sauce and kirima [kinema].”
 Soybeans are one of the main sources of protein for 
the majority of the people in the Hill regions. Only small 
quantities of soybeans reach the market.
 Note 2. This is the earliest document seen (Jan. 2012) 
that uses the alternative spelling “kirima” to refer to kinema, 
a fermented soyfood from Nepal and a close relative of 
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Nepalese kinema and Japanese natto. Address: Soybean 
consultant in Nepal.

2125. Bonartseva, G.A.; Shemakhanova, N.M.; Il’yasova, 
V.B. 1978. Determination of nitrogen fi xing activity in 
Rhizobium japonicum under sterile microvegetative 
conditions. Microbiologiya 47(5):783-84. [Rus; eng]*
• Summary: Preliminary infection tests and determination 
of N-fi xing ability were accomplished in two to three 
weeks with soybeans grown in tubes. Address: Academy of 
Sciences, Inst. of Microbiology, Moscow, USSR.

2126. Hess, Dieter; Schetter, Claus. 1978. Induction of 
nitrogenase activity in associations between Rhizobium and 
organs, cells and tissues of nodulating and non-nodulating 
soybean strains. Zeitschrift fuer Pfl anzenphysiologie 
86(2):177-85. *
• Summary: This experiment demonstrated that the 
nodulating gene is necessary only for the natural infection 
process but is not directly involved in the induction of 
nitrogenase activity itself. Address: Univ. of Hohenheim, 
Stuttgart-Hohenheim, W. Germany.

2127. Karaj, Selim; Simoini, Gjon; Bardhoku, Nikoll. 1978. 
Ndikimi i kompleksit të masave agroteknike në rritjen e 
prodhimit të sojës [The impact of agrotechnical measures for 
soya cultivation]. Buletini i Shkencave Bujqesore (Bulletin of 
Agricultural Science–Albania) 17(2):39-46. [Alb; eng]
• Summary: Summary: “The two or three-year studies of 
some disposition of the agro-technical code of soya show 
that the application of a complexity of agro-technical 
measures in time and quality play an important role, since 
this culture [crop] has multi-folded requirements. According 
to Fushe-Kruja conditions, the experiments confi rm that:
 “(1) planting should be performed within 20th of April. 
The delays of every decade [10 days] in planting lowers the 
productivity at 2-3 kv/ha.
 (2) 100-110 kg/ha of seeds should be used (large grain 
varieties). For every 10 kg/ha of the reduction of the fi rst 
norm, the productivity is decreased by 1-2 kv/ha.
 “(3) the best distances for planting varieties that have 
high stalks are 60 cm; for varieties that have low stalks 30-
45 cm. For each 15 cm the reduction of planting distance (in 
plantings according to the height of stalk) the productivity is 
lowered 2-3 kv/ha.
 “(4) manuring with bacterial fertilizer (nitramine) 
[nitrogen-fi xing bacteria] increases soya productivity at the 
extent of 2-3 kv/ha. The best increase is R.S. 2021.
 “(5) the use of nitrate fertilizers, partially or combined 
with N+P has the best impact on the increase of productivity, 
when it is applied in the fi rst stages of development, because 
the root of the plant has not started yet the symbioses with 
nitrate fi xing bacteria.
 “(6) irrigation in the reproduction stages (blooming, 

beaning, grain forming), when performed in time and 
quality, increase the productivity with 6-7 kv/ha or for every 
irrigation, the increase is 2 kv/ha.” Address: Në Stacion e 
Foragjereve, Fushë-Krujë, Albania.

2128. McCrae, Roberta E. 1978. Properties of the 
hydrogenase system in bacteroids of soybean root nodules. 
PhD thesis, Dep. of Botany, Oregon State University. 44 p. *
Address: Dep. of Botany, Oregon State Univ., Corvallis, OR 
97331.

2129. Stripf, R.; Werner, D. 1978. Differentiation of 
Rhizobium japonicum. II. Enzymatic activities in bacteroids 
and plant cytoplasm during the development of nodules of 
Glycine max. Zeitschrift fuer Naturforschung C: A Journal of 
Biosciences 33:373-81. [39 ref]
• Summary: Maximum nitrogenase activity was developed 
19 days after infection, followed by a sharp drop in activity 
(soybean variety Caloria). A higher maximum activity 
lasting 7 days was found in variety Mandarin. In both 
varieties, leghemoglobin continued to increase during the 
period of decreased nitrogenase activity, but declined when 
nitrogenase activity measured signifi cantly again, 30 to 45 
days after infection. Close relationships between enzymatic 
activities in the bacteroids and the plant were noted. Address: 
Fachbereich Biologie der Universitaet, Marburg-Lahnberge, 
Marburg, W. Germany.

2130. Summerfi eld, R.J.; Minchin, F.R.; Roberts, E.H. 1978. 
Realization of yield potential in soybean (Glycine max 
[L.] Merr.) and cowpea (Vigna unguiculata [L.] Walp.). In: 
Proceedings BCPC/BPGR Symp Opportunities for plant 
growth regulation. See p. 125-34. *
• Summary: Grain legume yields have either stagnated 
or declined over the past 25 years, while those of many 
cereal grains have increased dramatically. The possibility of 
utilizing growth regulators to prolong photosynthetic activity 
and nitrogen fi xation in legumes was discussed. Address: 
National Taiwan Univ.

2131. Tripathi, S.K.; Edward, J.C. 1978. Response of 
Rhizobium culture inoculation, zinc and molybdenum 4490 
application to soybean (Glycine max L. Merrill). Indian J. of 
Plant Physiology 21(3):248-52. *
• Summary: Inoculation without the addition of 
Molybdenum (Mo) was not effective. The addition of Zn 
alone had a slight benefi t, but no additional benefi t to that 
of Mo when combined with the latter. Address: Allahabad 
Agricultural Inst., India.

2132. Tyankova, L.A.; Stoyanova, Z.P.; Dimitrova, A.V. 
1978. Infl uence of the different supply of N, P, S, K, Mg 
and Ca on the formation of nodules and on the productivity 
of soya bean plants. Doklady Akademii Nauk Bulgaria 
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31(11):1447-50. *
• Summary: Of the nutrients tested, S (in the proper ratio 
with other nutrients) had the greatest effect on Beeson 
variety soybeans, but a lesser effect on Merit variety. 
Nodule size, which increased with S application, correlated 
positively with yield. Address: Bulgarian Academy of 
Sciences, Sofi a, Bulgaria.

2133. Asian Vegetable Research and Development Center 
(AVRDC). 1978. Soybean report for 1976. Shanhua, Taiwan. 
64 p.
• Summary: Contents: Introduction. Breeding. Physiology. 
Pathology. Entomology. Nutritional chemistry. Nitrogen 
fi xation. Soil science. Crop management. International 
cooperation. Training. Appendices: Crop environment, 
accessions list. Board of directors. Personnel. Publications.
 “The Soybean Report for 1976 summarizes research 
conducted at the Asian Vegetable Research and Development 
Center (AVRDC), and in cooperation with various national 
programs. Persons desiring additional details of the work 
reported may contact Mr. S. Shanmugasundaram, Soybean 
Coordinator.
 “Data are presented in metric units. Monetary values 
have been converted to equivalent U.S. dollars. Soybean 
yields are calculated as seed weight at 13% moisture.
 “’Check’ means an untreated experimental plot unless 
stated otherwise. A single asterisk (*) means signifi cant at 
the 5% level; a double asterisk (**) means signifi cant at 
the 1% level. Pedigrees in the AVRDC breeding program 
are identifi ed by slant bars (/). Disease ratings include 
R-resistant; MR-moderately resistant; MS-moderately 
susceptible; and, S-susceptible. Specifi c defi nitions of these 
ratings are given in tables where they apply. A soybean 
accession list is in Appendix II. Commercial names are 
occasionally used for identifi cation; such use does not imply 
endorsement by AVRDC.
 “Additional research reports published by AVRDC can 
be found in the publications list. These are available by 
writing to the Offi ce of Information Services, AVRDC, P.O. 
Box 42, Shanhua, Tainan 741, Taiwan, R.O.C.” Address: 
Shanhua, Tainan, Taiwan.

2134. Brun, W.A. 1978. Assimilation [of carbon and 
nitrogen by soybeans]. In: A.G. Norman, ed. 1978. Soybean 
Physiology, Agronomy, and Utilization. New York: 
Academic Press. xii + 249 p. See p. 45-76. Chap. 3. [115 ref]
• Summary: Contents. 1. Introduction. 2. Carbon 
assimilation: Photosynthesis, photosynthate distribution. 3. 
Nitrogen assimilation: Nitrogen fi xation, nitrogen reduction. 
4. Summary. Address: Dep. of Agronomy and Plant Genetics, 
Univ. of Minnesota, St. Paul, MN 55108.

2135. Dubovenko, E.K.; Malinskaya, S.M.; Chechel’ 
nitskaya, L.N.; Krikunets, V.M.; Goncharenko, A.P. 1978. 

[Nodule bacteria effect on nitrogen accumulation in 
soybean plants at different levels of nitrogen nutrition]. In: 
Mikrobiologicheskie Protessy v Pochvakh i Urozhainost’ 
Sel’skokhozyaistvennykh Kul’tur. Vilnius, Lithuanian SSR. 
See p. 97-99. [Rus]*

2136. Fujihara, Shinsuke; Yamaguchi, Masuro. 1978. 
Probable site of allantoin formation in nodulating soybean 
plants. Phytochemistry 17(8):1239-43. [23 ref]
• Summary: “Nodulated soybean plants contain high 
concentration of allantoin in all parts.” Excision of nodules 
from the roots resulted in a marked decrease in allantoin. 
From evidence obtained by tracing 15N assimilation, it was 
proposed that allantoin formation has a special role in the 
ammonia assimilation process of soybean nodules. Address: 
Dep. of Agricultural Chemistry, College of Agriculture, Univ. 
of Osaka Prefecture, Sakai, Osaka 591, Japan.

2137. Gresshoff, Peter M.; Rolfe, Barry G. 1978. Viability 
of Rhizobium bacteroids isolated from soybean nodule 
protoplasts. Planta 142(3):329-33. [17 ref]
• Summary: Bacteria-free isolates of soybean nodule 
bacteroids showed complete viability on mannitol 
supplemented plates. The redifferentiated bacteroid clones 
had the same genetic characteristics as the original inoculum 
strain. A probable evolutionary strategy of utilizing plant 
material to revert to bacterial rods in senescing nodules 
and amplify the number of rhizobia released into the soil 
was described. Address: Genetics Dep., Research School 
of Biological Sciences, Australian National Univ., P.O. Box 
475, Canberra City, ACT, 2601, Australia.

2138. Halpin, Anne Moyer. 1978. Unusual vegetables: 
Something new for this year’s garden. Emmaus, 
Pennsylvania: Rodale Press. xv + 443 p. See p. 46-52. Illust. 
by Cynthia Hellyer. Index. 24 x 20 cm. [45* ref]
• Summary: The chapter titled “Soybean” (p. 46-52) starts 
with a beautiful, full-page illustration and contains excellent, 
accurate, detailed information by an organization that has 
done pioneering work with green vegetable soybean varieties 
(and organic gardening and farming) in America. Contents: 
History of vegetable soybeans in the USA. Description 
of plant. Habit: Erect vs. prostrate. Preferred climatic 
conditions. Choosing the best variety: Kanrich (shatter 
resistant), Seminole, Rokusan [Rokusun], Jogun, Hokkaido, 
Fuji, Bansei, Extra Early Green, Early Green Bush, Fiskeby 
V Vegetable Bean, Pickett, Okuhara, Akita, Altona, Envy, 
black soybeans. Planting. Fertilizer (on poor soil can increase 
yield markedly). Inoculation. Plant protection against 
diseases and insects. Growing in a cold frame or greenhouse. 
When and how to harvest. Freezing. Basic cooking. 
Nutritional value. Serving as edamame, in the pods. Recipe 
ideas. Growing with high-lysine corn for succotash. Making 
coffee from dry soybeans. Seed sources: Burgess Seed and 
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Plant Co. (Galesburg, Michigan); W. Atlee Burpee Co. 
(Warminster, Pennsylvania; Kanrich); Comstock, Ferre and 
Co. (Wethersfi eld, Connecticut); William Dam Seeds (West 
Flamboro, Ontario, Canada); DeGiorgi Co. (Council Bluffs, 
Iowa); Gurney Seed and Nursery Co. (Yankton, South 
Dakota; Disoy); Johnny’s Selected Seeds (Albion, Maine; 
Envy, Altona, Traverse, Meredith, Giant Green); Kitazawa 
Seed Co. (San Jose, California; Extra Early Green); Le 
Jardin du Gourmet (West Danville, Vermont); Earl May 
Seed and Nursery Co. (Shenandoah, Iowa); Nichols Garden 
Nursery (Albany, Oregon); Stokes Seeds, Inc. (Buffalo, New 
York; Early Green Bush, Verde); Thompson and Morgan, 
Inc. (Farmingdale, New Jersey; Fiskeby V, Okuhara); and the 
Vermont Bean Seed Co. (Manchester Center, Vermont; Black 
Soybean).”
 Soybeans are also mentioned in each appendix: 1. 
Directory of seed sources for the vegetables in this book (p. 
385-89). 2. A seasonal planting guide (p. 390-91). 3. Soil 
preferences (p. 396). 4. Optimum climate conditions (p. 
401). 5. Making the best use of your garden (p. 406-07). 6. 
Food values of exceptional vegetables (p. 414-15). 7. A quick 
kitchen guide: How to use these vegetables in your favorite 
dishes (and a few new ones!) (p. 420-21; Flavor: Buttery, 
unique. Use green beans in appetizers, hors d’oeuvres and 
snacks. Salads. Soups. Vegetable side dishes. Main dish 
casseroles and combinations. Can be frozen or canned).
 Also discusses: Amaranth (p. 1-8, incl. grain amaranths). 
Cowpea (p. 140-45). Peanut (p. 276-301). Address: Rodale 
Press, Emmaus, Pennsylvania.

2139. Hicks, Dale R. 1978. Growth and development [of 
soybeans]. In: A.G. Norman, ed. 1978. Soybean Physiology, 
Agronomy, and Utilization. New York: Academic Press. xii + 
249 p. See p. 17-44. Chap. 2. [138 ref]
• Summary: Contents. 1. Plant development: Introduction, 
seed morphology and germination, rooting pattern, 
depth, and duration, nodule initiation and structure, 
shoot morphology and developmental pattern, canopy 
development. 2. Environmental effects on plant development 
and performance: Moisture, temperature, day length and light 
intensity, soil aeration, soil condition and cropping practices, 
soil fertility, exogenous growth regulators.
 “Flowering: Flower initiation is controlled by 
photoperiod, temperature, and genotype. Soybean stem 
growth and fl owering habit are of two types: indeterminate 
and determinate. The indeterminate type is characterized 
by the apical meristem continuing vegetative activity 
during most of the growing season; the infl orescences are 
axillary racemes, and pods are produced rather uniformly 
(comparable number at nodes) up the stem. The determinate 
stem type is characterized by vegetative development which 
ceases when the apical meristem becomes an infl orescence, 
both axillary and terminal racemes exist, and pods are borne 
rather uniformly along the stem except for the cluster of pods 

at the terminal raceme. The fl owering period of the time of 
overlap of vegetative and reproductive growth are greater 
for the indeterminate than the determinate type.” Address: 
Agricultural Extension Service, Univ. of Minnesota, St. Paul, 
Minnesota.

2140. Hobson, Phyllis. 1978. The soybean book. Growing 
and using nature’s miracle protein. Charlotte, Vermont: 
Garden Way Publishing. iv + 172 p. Illust. by Andrea Gray. 
Index. 23 cm.
• Summary: Contents: Why soybeans? How to grow, 
harvest, and store soybeans: Selecting seed (edible varieties 
and time to maturity for fresh soybeans and dried beans), 
sources of seed, how much seed, planting the seed, 
inoculation, germination, the developing plant, the harvest, 
storing beans. Saving seed. How to process soybeans: Fresh 
soybeans (in the pods), dried soybeans, soy grits, soy pulp 
(cooked, mashed dehulled soybeans), soy fl our, soy milk 
(from whole soybeans or from soy fl our; the remaining 
“pulp” may be added to meat loaves or casseroles), soy 
curd (tofu), soy sprouts. Recipes–Soybean “meats.” 
Roasted soybeans. Fermented soybean cakes (tempeh). Soy 
beverages. Soy breads. Soy cereals. Soy desserts. Soybeans 
with eggs. Soy salads. Soy spreads. Soy snacks. Candy and 
cookies. Soy soups. Soymeat dishes. Soybeans with meat. 
Soybean vegetable dishes. Supper dishes. Growing soybeans 
for animal feeds. Homemade dog and cat food. Using 
soybeans for soil improvement.
 Note: The chapter on how to grow soybeans (p. 6-20) is 
especially useful. Address: USA.

2141. International Institute of Tropical Agriculture. 1978. 
Annual report 1977. Ibadan, Nigeria. 98 p. Soybeans: p. 34-
36.
• Summary: The section titled “Soybean improvement” (p. 
34-36), within the Grain Legume Improvement Program, 
discusses breeding and soybean seed viability. “Observation 
nursery. At Ibadan, One, Mokwa and Kumasi (Ghana) the 
nurseries were simple lattice designs with two replicates. At 
Yandev, Nigeria, and Abidjan in Ivory Coast 78 and 81 lines 
were sown in a single replication.” During the 1977 season, 
in the observation nursery, four soybean varieties had grain 
yields over 2,000 kg/ha. The highest was TGx 12-4E (2,593) 
at Ibadan.
 Note: TGx stands for “Tropical Glycine Cross.” 
Address: Ibadan, Nigeria.

2142. INTSOY. 1978. The Sri Lanka Soybean Development 
Program. Second Interim Report of Progress, October 1976 
to December 1977. Urbana, Illinois: International Soybean 
Program. 41 p. Contract UNDP/FAO/SRL/ 73-007-1/AGOF 
INTSOY.
• Summary: Submitted to the Foods and Agriculture 
Organization of the United Nations, Rome, Italy. Submitted 
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by the International Soybean Program, INTSOY, University 
of Illinois College of Agriculture at Urbana-Champaign, 
Urbana, Illinois.
 Contents: I. Summary statement of accomplishments. 
II. Report of progress: A. General background information. 
B. Project objectives. C. Continued relevance of objectives. 
D. Progress toward meeting objectives. E. Summary of 
consultants’ recommendations: 1. C.N. Hittle–Program 
planning/coordination; soybean production. 2. J.M. Spata–
Food processing of soybeans. 3. M.E. Irwin–Entomology/
pest management. 4. B.B. Singh–Soybean breeding. 
5. M.B. Russell–Soil and water management. 6. S.W. 
Williams–Marketing economics. 7. D.R. Hunt–Agricultural 
engineering/mechanization. 8. R.M. Goodman–Plant 
pathology/virology. 9. E.H. Paschal II–Soybean breeding. 
10. L.M. Wax–Weed control. 11. J.C. Burton–Rhizobium 
microbiology. 12. D.E. Byth–Soybean breeding/agronomic 
practices. F. Administration and budget. Address: INTSOY, 
Urbana, Illinois.

2143. Norman, A. Geoffrey. 1978. Background [soybean 
history, and use in research on plant physiology]. In: A.G. 
Norman, ed. 1978. Soybean Physiology, Agronomy, and 
Utilization. New York: Academic Press. xii + 249 p. See p. 
1-15. Chap. 1.
• Summary: Contents. 1. Soybean production: In the United 
States, worldwide. 2. Uses and economics of soybean 
products. 3. The soybean in physiological research.
 “There is general agreement that the soybean plant 
had its origins in the northeastern provinces of China and 
Manchuria.”
 “The soybean has been the experimental plant of 
choice in a diversity of physiological studies. It is rapid in 
growth. Most cultivars do well in greenhouses or controlled 
environment chambers if the light level is adequate. A 
high degree of uniformity between individual plants can 
be obtained by selecting quality seed of equal weight from 
a pure cultivar lot. Plants may be grown satisfactorily in 
soil, in nutrient solution, or in gravel culture. Attention has 
to be given to day length and light intensity if there is a 
requirement that studies at different times of year be directly 
comparable. Good predictions of probable yield under 
fi eld conditions cannot be made from plants grown in the 
greenhouse or controlled environment rooms.
 “In studies on the initiation of fl owering, the soybean 
has frequently been used as a representative of the class 
of short-day plants. The onset of fl owering is mediated by 
exposure to a night or dark period in excess of a critical 
length. The soybean cultivar Biloxi was the plant of choice 
in classical studies on the photoperiodic response.
 “The leaf arrangement on the stem of the soybean 
makes it convenient for experiments on assimilation and 
translocation, much aided by the use of isotope tracers... 
The leaf site is the site of photosynthesis. Export of 

photosynthate from the leaf to the roots or to the developing 
shoot can therefore be followed by isotopic labeling. Similar 
procedures have been adopted in the study of the maturation 
process of pod-fi lling, when leaf components including 
mineral nutrients are depleted by transport to the seed.
 “The soybean has been of special signifi cance in 
researches on the biochemistry of the process of symbiotic 
nitrogen fi xation in the root nodules which are developed 
on plants in the presence of Rhizobium japonicum. Soybean 
nodules are large and not as convoluted in form as those 
developed on most pasture legumes. Surface sterilization 
of the nodules is easily accomplished if nodular tissue is 
required. Nitrogen fi xation by excised soybean nodules 
has been demonstrated for a limited period after removal, 
again with the aid of isotopic nitrogen. Soybean nodules 
have proved to be a good source of the respiratory pigment, 
leghemoglobin, which is essential to the fi xation process and 
unique to the nodule, not being found either in unnodulated 
root tissue or in the symbiotic bacteria.
 “In greenhouse and fi eld experiments the soybean has 
been used in attempts to understand the relationship between 
available soil nitrogen and the amount of nitrogen fi xed by 
the symbiotic mechanism. Maximum yields are not obtained 
if no fi xed nitrogen is present in the root zone, but fertilizer 
nitrogen additions depress the contribution made by the 
nodular mechanism.” Address: Univ. of Michigan, Ann 
Arbor, MI 48109.

2144. Ohyama, Takuji; Kumazawa, K. 1978. Incorporation 
of 15N into various nitrogenous compounds in intact soybean 
nodules after exposure to 15N2 gas. Soil Science and Plant 
Nutrition (Tokyo) 24(4):525-33. [24 ref]
• Summary: “Results indicated that ammonia, a primary 
product of N2 fi xation, was located in more than two 
compartments. Ammonia reduced from N2 gas seemed to be 
incorporated fi rstly into glutamine–especially amido-group 
nitrogen.” Address: Dep. of Agricultural Chemistry, Univ. of 
Tokyo, Tokyo, Japan.

2145. Pulver, E.L.; Brockman, F.; Nangju, D.; Wien, H. 
1978. IITA’s programme on N2 fi xation. In: Joint FAO/IAEA 
Division of Atomic Energy in Food and Agriculture. 1978. 
Isotopes in Biological Dinitrogen Fixation: Proceedings of 
an Advisory Group Meeting. Vienna: International Atomic 
Energy Agency. 316 p. See p. 269-84. Held in Vienna 21-25 
Nov. 1977. [5 ref]
• Summary: “Abstract: Nitrogen absorption, fi xation, 
accumulation and redistribution were measured throughout 
the growth cycle of two cowpea cultivars. Both varieties 
were dependent upon soil N during the early vegetative 
stage. N2 fi xation commenced when nitrate reductase was 
low, indicating a switch of N sources. Total reduced N 
accumulation and N2 fi xation peaked at the fl owering-early 
pod development phase. Pod growth reduced drastically 
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the rate of N2 fi xation. Cultivars that have poor pod set are 
able to fi x N2 during the reproductive period and recycle 
signifi cant quantities of N to the soil. Late fl owering in 
erect, determinate cowpeas may increase the yield potential 
by allowing the plant to accumulate more N before pod 
development.
 “Research on soybeans demonstrated that some local 
cultivars are capable of forming a symbiosis with indigenous 
strains of rhizobia. Nodulation without an inoculant in soils 
extremely low in R. japonicum was observed in three lines 
of South-east Asia origin. Three American varieties failed to 
nodulate under these conditions.
 “Introduction: Research on biological N2 fi xation at 
the International Institute of Tropical Agriculture (IITA) 
is concentrated on the role this phenomenon plays in 
infl uencing grain legume production. Major emphasis is 
given to cowpea (Vigna unguiculata (L.) Walp.) because it is 
the principal grain legume grown and consumed in the sub-
humid regions of Africa. At present, soybeans (Glycine max 
(L.) Merrill) are of secondary importance but are projected 
to become more important as the need for high protein 
concentrates for human and animal consumption increases.”
 After the references is a discussion with 5 questions and 
answers. Address: Grain Legume Program, International Inst. 
of Tropical Agriculture, Ibadan, Nigeria.

2146. Rashidi, R. Al.; Damirgi, S.M. 1978. [Effect 
of inoculation on the yield of soyabeans]. Iraqi J. of 
Agricultural Science 13:187-198. [13 ref. Ara; eng]*
Address: Dep. of Soil, Baghdad, Univ., Abu Ghraib, Iraq.

2147. Smith, Allan K.; Circle, S.J. eds. 1978. Soybeans: 
Chemistry and technology. Vol. 1. Proteins. Revised. 
Westport, Connecticut: AVI Publishing Co. xiii + 470 p. 
Illust. Index. 24 cm. [500+ ref]
• Summary: This revised edition contains relatively few, 
unimportant changes from the original, classic 1972 edition. 
The following changes have been made: Addition of a 7-line 
preface to the “revised second printing” dated 4 Oct. 1977, 
updating of a graph of U.S. soybean production (p. 1). 
Updating (to 1976) of a table on U.S. and world production 
of important oilseeds (soybeans, cottonseeds, peanuts, 
sunfl ower, rape, sesame) (p. 2). Minor textual changes on 
pages 18-19. Addition of a table showing distribution of 
the 3 leading soybean varieties in 14 major states and the 
percentage of acreage harvested for each variety in 1976 
(e.g., in Illinois, Williams accounted for 25.1% of harvested 
acreage, Amsoy 17.3%, and Wayne 12.8%). And updating of 
a table on U.S. soybean production by state showing acreage 
harvested, yield per acre, and production for 1974, 1975, and 
1976 (p. 32).
 The foreword, chapter titles, and index have not been 
changed at all. Note: Vol. 2 was never published. Address: 
1. Oilseeds protein consultant, Hot Springs, Arkansas; 2. 

Oilseed protein consultant, Protein Technology, Richardson, 
Texas.

2148. Stripf, Rainer; Werner, D. 1978. Enzymatische 
Differenzierung der Symbiose von Glycine max und 
Rhizobium japonicum mit effektiven und ineffektiven 
Staemmen [Enzymatic differentiation in symbiosis of 
Glycine max and Rhizobium japonicum with effective and 
ineffective strains]. Berichte der Deutschen Botanischen 
Gesellschaft 91(2-3):683-92. [25 ref. Ger; eng]
• Summary: Nitrogen metabolism enzymes developed in a 
pattern similar to that of nitrogenase in the plant cytoplasm, 
but glutamine synthetase was 3-4 times more active in 
ineffective bacteroids than in effective bacteroids. Address: 
Botanisches Institut, Univ. of Marburg, Lahnberge, Marburg, 
W. Germany.

2149. Tanner, J.W.; Hume, D.J. 1978. Management and 
production [of soybeans]. In: A.G. Norman, ed. 1978. 
Soybean Physiology, Agronomy, and Utilization. New York: 
Academic Press. xii + 249 p. See p. 157-217. Chap. 6. [64 
ref]
• Summary: Contents. 1. Introduction. 2. Planting: Soil and 
climatic requirements, choice of cultivar, fertility, tillage and 
seedbed preparation, weed control, time of planting, row 
width and seeding rate, planting equipment, inoculation, 
seed dressings. 3. Management during the growing 
season: Selection and use of herbicides, lodging, diseases, 
nematodes, insects, hail damage, minor elements, irrigation. 
4. Harvesting. 5. Drying and storage. Address: Dep. of Crop 
Science, Univ. of Guelph, Guelph, ONT, Canada N1G 2W1.

2150. Whigham, D. Keith; Minor, Harry C. 1978. Agronomic 
characteristics and environmental stress. In: A.G. Norman, 
ed. 1978. Soybean Physiology, Agronomy, and Utilization. 
New York: Academic Press. xii + 249 p. See p. 77-118. 
Chap. 4. [92 ref]
• Summary: Contents. 1. Introduction. 2. Light: Response 
to day length, response to light intensity, response to 
light quality, interaction between light and temperature. 
3. Temperature: Effect of temperature on growth and 
development, on nitrogen fi xation, on physiological 
processes, on seed quality, on protein and oil, and on pests. 
4. Water: Effect of mulching, water defi cit, excess water, 
atmospheric humidity. 5. Wind: Effect of wind, effect of 
windbreaks. 6. Pests: Birds and rodents, diseases, insects, 
weeds. 7. Conclusions.
 The length of the dark period is the controlling factor in 
eliciting photoperiodic responses. Flowering occurs when 
the day length becomes shorter than the critical value for 
the cultivar. An excellent map (p. 79) shows the zones of 
best adaptation for cultivars of maturity groups 00 through 
X. Table II (p. 80) lists some cultivars classifi ed by maturity 
group in North America: 00 (farthest north, mostly in 
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Canada)–Altona, Portage. 0–Merit, Swift. I–Hark, Hodgson. 
II–Beeson, Corsoy. III–Calland, Williams. IV–Clark 63, 
Kent. V–Forrest, Hill. VI–Davis, Lee 74. VII–Bragg, 
Semmes. VIII–Hardee, Improved Pelican. IX (farthest south; 
southern Florida, Mexico, Cuba)–Jupiter. Address: 1. Dep. 
of Agronomy, Iowa State Univ., Ames, IA 50011; 2. Dep. of 
Agronomy, Univ. of Illinois, Urbana, IL 61801.

2151. Bagyaraj, D.J.; Manjunath, A.; Patil, R.B. 1979. 
Interaction between a vescular-arbuscular mycorrhiza and 
Rhizobium and their effects on soybean in the fi eld. New 
Phytologist (London) 82(1):141-46. Jan. [17 ref]
• Summary: Discusses the interactions between Glomus 
fasiculatus and Rhizobium japonicum. The results suggest 
that vesicular-arbuscular (VA) mycorrhiza can greatly assist 
nodulation and nitrogen fi xation in fi eld grown soybeans 
inoculated with rhizobia.
 Plants dually inoculated with both organisms in a P 
defi cient soil produced more nodules with higher weight and 
N content than did singly inoculated plants. Dual inoculation 
also increased the plant dry weight and N content. Address: 
Dep. of Agricultural Microbiology, Univ. of Agricultural 
Sciences, Bangalore 560065, India.

2152. Sanford, J.O. 1979. Establishing wheat after soybeans 
in double-cropping. Agronomy Journal 71(1):109-12. Jan/
Feb. [5 ref]
• Summary: Overseeding wheat under a closed canopy of 
soybean is an acceptable method of establishing the wheat 
crop, and allows the wheat to be planted 1 month earlier 
(October vs. November). Signifi cant increases in wheat yield 
may be expected. Address: Plant Science Laboratory, AR-
SEA-USDA in cooperation with the Mississippi Agric. and 
Forestry Exp. Station, Mississippi State, MS 39762.

2153. Verma, Desh Pal S.; Ball, S.; Guerin, C.; Wanamaker, 
L. 1979. Leghemoglobin biosynthesis in soybean root 
nodules. Characterization of the nascent and released 
peptides and the relative rate of synthesis of the major 
leghemoglobins. Biochemistry 18(3):476-83. Feb. 6. [55 ref]
• Summary: The major forms and components of 
leghemoglobin, and their relative proportions during nodule 
formation and maturation, were studied. It was concluded 
that Lb remains in the host-cell cytoplasm after translation, 
and does not cross the membrane envelope enclosing the 
bacteroids, Although the presence of Lb sequences in the 
soybean genome has been demonstrated, expression of those 
genes appears to be controlled by Rhizobium. Address: Dep. 
of Biology, McGill Univ., Montreal, Quebec, Canada.

2154. Ryle, G.J.A.; Powell, C.E.; Gordon, A.J. 1979. 
Respiratory costs of nitrogen fi xation in soybean, cowpea 
and white clover. 1. Nitrogen fi xation and the respiration of 
the nodulated root. J. of Experimental Botany 30(1):135-44. 

Feb. [22 ref]
• Summary: The three legumes exhibited similar respiratory 
losses of CO2 from nodulated roots (6:3 to 6.8 mg C/mg 
N fi xed). These fi ndings are compatible with a theoretical 
energy component for reduction of nitrogen to ammonia plus 
an equal or larger component for growth and maintenance 
of roots and nodules. Address: Grassland Research Inst., 
Hurley, Berkshire SL6 4LR, England.

2155. Ryle, G.J.A.; Powell, C.E.; Gordon, A.J. 1979. 
Respiratory costs of nitrogen fi xation in soybean, cowpea 
and white clover. 2. Comparisons of the cost of nitrogen 
fi xation and the utilization of combined nitrogen. J. of 
Experimental Botany 30(1):145-53. Feb. [26 ref]
• Summary: “Plants of soyabean, cowpea, and white clover 
were grown singly in pots in Saxcil growth cabinets at 
23/18ºC, 30/24ºC, and 20/15ºC, respectively, until seed 
maturation or for 85 d (white clover). Two populations were 
produced within each species: one population effectively 
nodulated and wholly dependent for nitrogen on fi xation in 
the root nodules, and a second population completely lacking 
nodules but receiving abundant nitrate nitrogen...” Address: 
Grassland Research Inst., Hurley, Berkshire SL6 4LR, 
England.

2156. Albrecht, Steve L.; Maier, R.J.; Hanus, F.J.; Russell, 
S.A.; Emerich, D.W.; Evans, H.J. 1979. Hydrogenase 
in Rhizobium japonicum increases nitrogen fi xation by 
nodulated soybeans. Science 203(4386):1255-57. March 23. 
[19 ref]
• Summary: Soybeans, like most leguminous plants, “form 
root nodules whose associated bacteria can convert N2 to 
ammonia. However the enzyme that catalyzes the reduction 
of N2 to ammonia also produces H2 as a by-product, and H2 
production represents a loss of energy that would otherwise 
be available for N2 fi xation.” This characteristic, which 
permits recycling of hydrogen which may otherwise be 
lost, should be incorporated into the gene pool of rhizobial 
inocula to increase effi ciency of the nitrogen fi xing process.
 This article shows “how this H2 can be recycled with 
an accompanying increase in the dry weight and nitrogen 
content of plants.” Address: Lab. for Nitrogen Fixation 
Research, Oregon State Univ., Corvallis, Oregon 97331.

2157. Beringer, J.E.; Brewin, N.; Johnston, A.W.B.; 
Schulman, H.M.; Hopwood, D.A. 1979. The Rhizobium-
legume symbiosis. Proceedings of the Royal Society of 
London. Series B, Biological Sciences 204(1155):219-33. 
April 11. [84 ref]
• Summary: “It is obvious that, as in the dissection of other 
complex biological systems, the isolation and study of 
mutants will aid in the further understanding of the legume-
Rhizobium symbiosis. We have seen in this review some 
examples of deductions based on the behaviour of mutants 
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but much potential still remains to be exploited.” Types 
of mutants that would likely be particularly helpful are 
temperature-sensitive mutants,
 “Among legumes, the pea is particularly amenable to 
genetic study, being a diploid with a comparatively short 
generation time and a well marked linkage map (Blixt 1974).
 “On the bacterial side, genetics of Rhizobium 
species has advanced considerably in recent years, a key 
development being the use of R-plasmids...” Address: John 
Innes Inst., Colney Lane, Norwich NR4 7UH, U.K..

2158. Dommergues, Y.R.; Diem, Hoang G.; Divies, C. 1979. 
Notes: Polyacrylamide-entrapped Rhizobium as an inoculant 
for legumes. Applied and Environmental Microbiology 
37(4):779-781. April. [4 ref]
• Summary: Peat is most widely used as the carrier for 
Rhizobium inoculant. “Pot experiments showed that 
Rhizobium japonicum cells entrapped in a polyacrylamide 
gel could be used as an inoculant for soybeans and compared 
favorably to laboratory-made peat base inoculant containing 
the same bacterial strain.” Address: 1-2. CNRS/Offi ce de la 
Recherche Scientifi que et Technique Outre-Mer, BP 1386 
Dakar, Senegal; 3. Lab. de Microbiologie-Biologie Appliqué 
IUT, 54600, Villers-les-Nancy, France.

2159. Paau, Alan S.; Oro, J.; Cowles, J.R. 1979. Flow-
fl uorometric analysis of bacteroids fractionated from alfalfa 
and soybean nodules by buoyant density sedimentation. 
Plant Science Letters 15(1):63-68. May. [14 ref]
• Summary: The larger sized bacteroids of Rhizobium 
meliloti, which sedimented at the lowest density, contained 
signifi cantly more DNA and protein than did free-living 
rhizobia. Natural or induced senescence was accompanied by 
a decrease in bacteroid nucleic acid content. Address: Depts. 
of Biology and Biophysical Sciences, Univ. of Houston, 
Texas.

2160. Edie, S.A.; Abu-Shakra, S.S.; Phillips, D.A.; Huffaker, 
R.C. Beard, B.H. 1979. Release of soybean germplasm 
UCD-1 with delayed leaf senescence. Agronomy Progress 
Report, Agricultural Experiment Station, University. of Calif, 
Davis No. 95. June 1.
• Summary: “UCD-1, a soybean genotype which maintains 
photosynthetically active leaves beyond the stage of seed 
maturation was developed. The line provides germplasm 
which may be useful for increasing the proportion of N 
derived from symbiotic N2 fi xation because root nodules 
have prolonged activity in the acetylene reduction assay for 
apparent N2 fi xation. Increased N2 fi xation by a soybean 
crop may be benefi cial for subsequent crops in a rotation, 
and additional stover from green leaves may improve soil 
texture.” Address: Univ. of California, Davis, CA.

2161. Mughogho, S.K.; Lowendorf, H.S. 1979. The effect of 

Rhizobium and fertilizer N on soya bean and cowpea grain 
yield and biological nitrogen fi xation on a Piarco fi ne sand. 
Paper presented at a Regional Workshop on Tropical Grain 
Legumes. Held June 1979 at the University of the West 
Indies, Trinidad. *
• Summary: Although inoculation with imported Rhizobium 
japonicum increased early nodulation of soya bean in Piarco 
fi ne sand, uninoculated plants formed nodules, especially 
late in the growth cycle. These late-forming nodules 
were apparently effective, as the uninoculated plants had 
signifi cantly higher yields than the inoculated plants. Why? 
Indigenous strains of rhizobia are likely to be well adapted 
to local conditions and could be more suitable for use as 
inoculants than imported strains.

2162. Praquin, J.Y.; Richard, J.F. 1979. Bilan des recherches 
menées sur le soja dans la zone d’altitude de l’Ouest-
Cameroun [Evaluation of soybean research conducted in 
the high zone of West Cameroon]. Agronomie Tropicale 
(France) 34(2):111-21. April/June. [10 ref. Fre]
• Summary: History of the work with soybeans: From 1924 
to 1945 eleven varieties, six originating in the USA and 
fi ve in East Asia, were introduced and observed in western 
Cameroon. Following an intensifi cation of studies from 1945 
to 1964, introduction were resumed starting in 1965, when a 
collection of varieties from Rwanda were introduced.
 Starting in 1974, with the rise of soybean prices on the 
international market, interest in the crop increased greatly. 
More details are given from 1974 on.
 Soybean experiments in western Cameroon have been 
conducted mainly at three locations: Dschang (elevation 
1,500 meters; best yield 3,520 kg/ha from SJ237), Santchou 
(700 meters; best yield 3,195 kg/ha from SJ 239), and 
Foumbot (1,000 meters; best yield 2,250 kg/ha from SJ 237).
 Discusses interest in food uses of soybeans in western 
Cameroon, breeding and varietal development, yields 
from different varieties, improvement of crop management 
(inoculation, use of fertilizer, date of planting at the 
3 locations, planting density), and soybean diseases, 
conclusions. Address: 1. Ingénieur de Recherches IRAT 
responsible for the legume research program at the IRAF 
station of Dschang, Cameroon; 2. Ingénieur de Recherches 
IRAT/Nogent/Marne.

2163. Sharma, R.L.; Rao, A.V. 1979. Response to bio-
fertilizers of legumes and wheat under temperate climate. 
Indian J. of Microbiology 19(2):89-90. April/June. [7 ref]
• Summary: Discusses the effect of different strains of 
Rhizobium japonicum obtained from different localities on 
the yield of soybean under temperate climate. Also discusses 
the effect of Azotobacter chroococcum on wheat. Address: 
Microbiology Section, College of Agriculture, Solan, 
173273.
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2164. Shurtleff, William; Aoyagi, Akiko. 1979. The book of 
tempeh: A super soyfood from Indonesia. New York, NY: 
Harper & Row. 160 p. Illust. by Akiko Aoyagi Shurtleff. 
Index. July. 28 cm. [24 ref]
• Summary: Contents: Acknowledgments. What is 
tempeh? Preface. 1. Soybeans–Protein source of the future: 
Introduction, the causes of hunger and starvation–two 
analyses (The Twenty-Ninth Day, by Lester Brown–
population, affl uence; Food First: Beyond the Myth of 
Scarcity, by Lappé and Collins–population, narrow focus on 
increasing food productivity, international food exploitation, 
land monopolization and misuse, cash crop system of export 
agriculture). Ten reasons soy will be the protein source of the 
future: 1. Optimum land utilization. 2. Lowest cost protein. 
3. High nutritional value. 4. Time tested. 5. Remarkably 
versatile. 6. Appropriate technology. 7. New dairylike 
products. 8. Hardy and adaptive. 9. Free nitrogen fertilizer. 
10. Energy and resource effi cient. “All of these ten factors 
work together synergistically, reinforcing one another, to 
give added weight to the prediction that soybeans will be 
a key protein source for the future on plant earth.” Present 
patterns of soy protein utilization. New developments. An 
idea whose time has come.
 2. Tempeh as a food. 3. Getting started (incl. basic 
preparatory techniques and 18 recipes, incl. a recipe for 
sweet Indonesian soy sauce {kechap manis}). Favorite 
tempeh recipes (13 Western favorites, 6 non-fried favorites, 
and 12 Indonesian favorites; also Suggestions for serving 
tempeh throughout the day). 4. Western-style and Oriental 
tempeh recipes (68 recipes). 5. Indonesian tempeh recipes 
(70 recipes). 6. Making tempeh at home or in a community. 
7. Making tempeh starter. 8. The Indonesian tempeh shop. 
Map of Southeast Asia, including Indonesia. Map of Java, 
Madura, and Bali (p. 144). Appendix A: A brief history 
of tempeh East and West. Appendix B: Tempeh shops in 
the West. Weights, Measures, and Equivalents. Glossary. 
Bibliography. About the authors. About the New-Age Foods 
Study Center.
 This book contains the fi rst sizeable collection of 
American-style and Indonesian tempeh recipes (130 in all), 
the fi rst illustrated descriptions of making tempeh, tempeh 
starter, and onchom on various scales in Indonesian tempeh 
shops, the fi rst history of tempeh, detailed discussion of 
tempeh in Indonesian culture and of the many varieties 
of Indonesian tempeh, and the fi rst recommendations for 
commercial names for the more than 30 types of tempeh that 
could easily be made in the West. It also contains chapters 
and reviews of the literature on tempeh nutrition and the 
microbiology and biochemistry of tempeh fermentation, plus 
the largest bibliography on tempeh to date (including many 
new Indonesian references), an annotated listing of 61 people 
and organizations around the world connected with tempeh, 
and the fi rst list of tempeh companies in the West.
 Page 26 states: “Modern soy-protein products, such 

as textured soy proteins, are increasingly available at 
supermarkets, often in forms that simulate the fi brous, chewy 
texture of meat.”
 Note 1. This is the earliest known book in any language 
worldwide devoted entirely to tempeh. Note 2. This is the 
earliest English-language document seen (Aug. 2011) that 
contains the term “modern soy protein products;” Shurtleff 
would soon start to use it to refer to defatted soy fl our or 
grits, soy protein concentrates, soy protein isolates, and 
textured soy protein products.
 Illustrations (line drawings; unnumbered, not including 
“spots”). Indonesian dancer in sarong and crown. Balinese 
lion mask dancer. Two Indonesian women dancing. Cuts 
of fresh tempeh on a woven bamboo tray. Woman in a 
traditional Indonesian kitchen cooking tempeh. Terraced 
rice patties in Java. Woman selling tempeh in Bali market. 
Masked Indonesian fi gure. Soybeans in the pod. A hand 
holding dry soybeans over a sack of such soybeans. Three 
women selling beans and grains in a Javanese market. Two 
men selling tempeh in a Javanese market. Balinese mask. 
Indonesian mortar and pestle. Traditional oil skimmer for 
deep frying. A wok. Tamarind paste and pods. Soy sprouts. 
Pieces of tempeh on a bamboo tray Gado-gado. Laos root 
& chilies. Palm sugar. Chilies. Indonesian woman carrying 
fruits in a bowl on her head. Salam leaf. Botok tempeh. 
Peté beans. Winged and masked Balinese fi gure. Indonesian 
spices. Soybean (enlarged). Cartoon of a fuzzy little critter 
driving his tiny tractor over a cake of tempeh, inoculating it 
with a secret enzyme (The Farm, Summertown, Tennessee). 
Placing tempeh into a homemade Styrofoam incubator. Cross 
section of good tempeh and bad. Winged beans. Close-up of 
outside of a homemade tempeh incubator. Dry soybeans in 
pods on plant. Woman in the USA making tempeh. A deep 
woven bamboo basket for treading soaked soybeans. Ten 
steps in the process for making traditional soy tempeh in a 
small shop (GIZI, Bogor). Twenty steps in the process for 
making and delivering traditional soy tempeh in a large shop 
(Oeben, Bandung). Two views of a modern dehuller and 
dehuller-separator. Five steps showing making tempeh in 
plastic bags. Three steps showing making tempeh in banana-
leaf wrappers. Fourteen steps in the process for making and 
delivering Malang tempeh.
 Map of Southeast Asia. Map of Java, Madura, and 
Bali (incl. West, Central and East Java). Indonesian stilt 
house (house on stilts, famous among the Dayak in Borneo, 
the Minangkabu and Batak of Sumatra, and the Toraja of 
Sulawesi). Woman selling leaf-wrapped tempeh in a Balinese 
market (color, back cover).
 Numbered fi gures (line drawings unless otherwise 
stated. The number before the decimal refers to the chapter 
number). 1.1 Table: The changing pattern of world grain 
trade (exporters and importers). 1.2 Graph: Projected 
population densities in various regions of the world. 1.3 
Bar chart: Per capita protein consumption in rich and poor 
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countries. 1.4 Bar chart: Per acre yields of usable protein 
from various food sources (pounds per acre). 1.5 Graph: 
Word soybean production (1965-1977). 1.6 Bar chart: 
Protein consumed vs. protein returned from milk, eggs, 
chicken, pork, beef. 1.7. Where the world’s money goes 
(yearly global and U.S.).
 2.1 Table: Percentage of protein in various foods. 2.2 
Table: Composition of nutrients in 100 grams of tempeh 
of different types. 2.3 Table: Protein quality (NPU) of 
various foods. 2.4 Table: Amino acid composition of tempeh 
compared with the FAO/WHO reference pattern. 2.5 Bar 
cart: Limiting amino acids in rice and tempeh. 2.6 Table: 
Combining foods to increase protein. 2.7 Bar chart: Grams 
of dietary fi ber in 100 grams of various foods. 2.8 Table: 
Fatty acids in soy tempeh. 2.9 Table: Vitamins and minerals 
in soy tempeh. 2.0 Table: Price of one day’s supply of usable 
protein from various foods.
 3.1 Bar chart: Comparison of nutrients in brown and 
white rice. 3.2 Shoyu (natural soy sauce) in four wooden 
keg, can, bottle, and small dispenser. 3.3 Grating a coconut. 
3.4 Mortar & pestle (two types). 3.5 Cross section of a 
coconut in the husk. 3.6 Making coconut milk (7 steps). 3.7 
Ladies in a Javanese market selling chilies (in mounds). 4.1 
Deep-frying tempeh, with all utensils shown. 4.2 Shallow-
frying tempeh. 4.3 Seasoned crisp tempeh with dip. 4.4 
Tempeh shish kebab. 4.5 Coriander & garlic crisp tempeh. 
4.6 Tempeh fondue. 4.7 Making tempeh-fi lled pot-stickers 
or gyoza. 4.8 Tempeh pita bread sandwich. 4.9 Tempeh 
burger. 4.10 Tortilla with tempeh & guacamole. 4.11 Tempeh 
guacamole. 4.12 Tomatoes stuffed with tempeh.
 5.1 Woman in an Indonesian village kitchen. 5.2 Woman 
grinding spices with a mortar. 5.3 Table: Indonesia’s 7 most 
popular tempeh recipes, in descending order of popularity: 
Tempeh goreng, tempeh bachem, keripik tempeh, sayur 
lodeh, sambal goreng tempeh, terik tempeh, sambal goreng 
kering tempeh. Recipes for each are given. 5.4 Selling 
traditional banana-leaf wrapped tempeh in Yogyakarta, Java. 
5.5 Deep-frying tempeh keripik in batter. 5.6 Deep-frying 
tempeh keripik in Javanese market. 5.7 Botok tempeh #1. 
5.8 Botok tempeh #2. 5.9 Gadon tempeh. 5.10. Folding leaf 
wrappers for gadon tempeh. 5.11 Rolling leaf wrappers for 
pepes tempeh. 5.12. Pepes tempeh on broiler and packets 
ready to serve. 5.13 Folding leaf wrappers for Balinese 
pepesan. 5.15. Saté tempeh on broiler. 5.15 Saté vendor 
in Java. 5.16. Saté manis tempeh. 5.17 Tempeh sambal 
accompaniment for rice.
 6.1 Flowchart for homemade soy tempeh. 6.2 Tempeh 
incubator (home-made). 6.3 Good soy tempeh (diagonally 
sliced). 6.4 Four types of homemade tempeh. 6.5 Wooden 
tempeh incubation tray designs. 6.6 Community tempeh 
incubator. 6.7 Graph: Tempeh incubation time versus 
temperature for soy tempeh (shows slow, moderate, and 
quick combinations).
 7.1 Graph: Loss of tempeh starter potency when stored 

at various temperatures and humidities. 7.2 Sporulated 
tempeh for starter in bread pan. 7.3 Dry-strainer spore 
extraction. 7.4 Sporulated rice, pressure cooker, and Mason 
jar method of making tempeh starter. 7.5 Picking leaves from 
a hibiscus tree for tempeh starter. 7.6 Arranging inoculated 
soybeans on hibiscus leaves. 7.7 Covering hibiscus leaf 
sandwiches in trays. 7.8 Hibiscus leaves for tempeh starter 
ready to use. 7.9 Hibiscus inoculum leaves on round tray. 
7.10 Drying inoculum leaves in sun on roof. 7.11 Tying 
inoculum leaves under rafters to dry.
 8.1 Flowchart for basic Indonesian soy tempeh method. 
8.2. A small Indonesian tempeh shop (fl oor plan). 8.3 Floor 
plan of the large Oeben tempeh shop in Bandung, Java. 8.4 
Flowchart for Malang tempeh.
 A color photo shows a high-quality cake of tempeh 
sliced on a plate. Address: New-Age Foods Study Center, 
P.O. Box 234, Lafayette, California 94549.

2165. Trewhella, Jill; Wright, P.E.; Appleby, C.A. 1979. 
Molecular basis for proton-dependent anion binding by 
soybean leghaemoglobin a (Letter to the editor). Nature 
(London) 280(5717):87-88. July 5. [11 ref]
• Summary: Nuclear magnetic resonance studies of the 
nicotinate complex of soybean ferric leghemoglobin a were 
the basis for a proposed role for a haem propionic acid group 
as a mediator of anion binding. When deprotonated, the 
group functions as an electrostatic ‘gate’ which restricts the 
access of anions to the haem pocket. Address: 1-2. Dep. of 
Inorganic Chemistry, Univ. of Sydney, NSW 2006, Australia.

2166. Legocki, Roman P.; Verma, Desh Pal S. 1979. Nodule-
specifi c plant protein (Nodulin-35) from soybean. Science 
205(4402):190-93. July 13. [10 ref]
• Summary: “Abstract. Nodulin-35, a 35,000-molecular-
weight protein, is present in soybean root nodules developed 
by different strains of Rhizobium japonicum, irrespective 
of their effectiveness in fi xing atmospheric nitrogen. This 
protein is not detected in uninfected plants and bacteroids 
or in free-living Rhizobium and appears to be synthesized 
by the plant during the formation of root nodules.” Address: 
Dep. of Biology, McGill Univ., Montreal, Canada H3A 1B1.

2167. Auger, S.; Baulcombe, D.; Verma, D.P.S. 1979. 
Sequence complexities of the poly(A)-containing mRNA in 
uninfected soybean root and the nodule tissue developed due 
to the infection by Rhizobium. Biochimica et Biophysica Acta 
(BBA)–Nucleic Acids and Protein Synthesis 563(2):496-507. 
[29 ref]
• Summary: The total complexities of poly(A)+polysomal 
RNA structural gene populations from uninfected roots and 
mature nodules were compared. A very abundant component 
comprising 18-20% of the nodule RNA, which was shown 
to be leghemoglobin, was absent in uninfected root RNA. 
The Lb-m sequences could be present in roots, but at very 
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low concentrations. Address: Dep. of Biology, McGill Univ., 
1205 McGregor Ave., Montreal H3A 1B1, Canada.

2168. Whittaker, R.G.; Moss, B.A.; Appleby, C.A. 1979. 
Determination of the blocked N-terminal of soybean 
leghemoglobin b. Biochemical and Biophysical Research 
Communications 89(2):552-58. July 27. [16 ref]
• Summary: In a comparison of soybean leghemoglobins a 
and b by microscale peptide mapping, the maps generated 
by trypsin alone or trypsin and thermolysin indicated general 
homology, with the only variation detected being N-terminal 
peptides. Lb b was blocked at the N-terminal and lacked 
the fi rst amino acid of the corresponding Lb a peptide. 
The evidence indicated that Lb a is the precursor of Lb b. 
Address: 1. School of Biochemistry, Univ. of New South 
Wales, Kensington, N.S.W., Australia.

2169. Emerson, B.N.; Minor, H.C. 1979. Response of 
soybeans to high temperature during germination. Crop 
Science 19(4):553-56. July/Aug. [15 ref]
• Summary: Absolute response of genotypes to temperature 
was dependent on previous history of the seed. Length of 
storage and whether harvested at maturity or delay-harvested 
were important factors. Four genotypes were classifi ed as 
having above average tolerance to 36ºC temperature, and 
four as having below average tolerance, but all genotypes 
showed signifi cant reduction in germination at 38ºC. 
Address: Dep. of Agronomy, Univ. of Illinois, Urbana-
Champaign, IL 61801.

2170. Housley, Thomas L.; Schrader, L.E.; Miller, M.; 
Setter, T.L. 1979. Partitioning of 14C photosynthate, and 
long distance translocation of amino acids in prefl owering 
and fl owering, nodulated and nonnodulated soybeans. Plant 
Physiology 64(1):94-98. July. [27 ref]
• Summary: Partitioning of 14C assimilates among neutral, 
basic and acidic fractions was not affected by the presence of 
nodules or fl owers. Labeled serine was signifi cantly higher 
in nonnodulated plants, and Y-aminobutyrate-alanine was 
signifi cantly higher in prefl owering than fl owering plants. 
The data suggested that the amino acids formed from current 
photosynthate are the major ones translocated by soybeans. 
Address: Dep. of Agronomy, Univ. of Wisconsin, Madison, 
WI 53706.

2171. Leviton, Richard. 1979. Of soybeans, the soil, 
herbicides & farmers: a visit to the Midwest soybean belt. 
Soycraft (Greenfi eld, Massachusetts) 1(1):20-25. Summer.
• Summary: Soyfoods companies in the United States will 
use an estimated fi fteen million pounds of soybeans this year, 
an amount–while only a tiny portion of the entire American 
harvest of one-hundred-eight-billion pounds–that is still 
large enough to warrant the attention of soybean growers 
and distributors. Most of the domestic crop is produced 

employing conventional cultural practices, such as synthetic 
nitrogen fertilizers and herbicides, while a small percentage 
of the soybean acreage is farmed by what are commonly 
referred to as ‘organic practices.’ Many soycrafters prefer 
‘organically grown’ soybeans while many are not concerned, 
yet how much do we actually understand about this essential 
ingredient in soyfoods manufacture? I recently visited the 
Midwest to meet with farmers and soybean distributors 
to investigate the comparative claims of each cultural 
method, to assess the importance of Our special soybean 
needs in current breeding programs, and to determine how 
the burgeoning soyfoods industry is perceived by soybean 
suppliers.
 “Organic: A Red Flag: There does not seem to be any 
unilateral agreement on the exact meaning of ‘organic’ 
in agriculture. Rick Purvis, writing in Whole Foods, 
addressed the problem squarely by noting ‘Different people-
consumers, distributors, retailers, and farmers-use variations 
loosely based on the idea that no chemicals are used in the 
production of fruits and vegetables. ‘Organic’ is defi nitely a 
catchword in the present marketing climate of the industry.’ 
William Boyd, soybean farmer in upstate New York, voices 
agreement about the absence of well-defi ned standards. 
‘People who speak of organic or naturally grown food 
have something in mind which is really far from reality. 
They have in mind that it’s the only thing that’s growing 
organically. But anything produced by animals or plants is 
organic.’ Mr. Boyd notes further that there are no regulations 
to fall back on for certainty, ‘It’s just whatever the buyer 
chooses to make it.’ Wes Randall, president of Midwest 
Soya International, in Iowa, suggests that ‘if you buy organic 
beans from the Midwest you’re probably buying beans that 
were actually grown conventionally.’
 “Agricultural Exports, in Hudson, Iowa, declines 
to use the term ‘organic’ when describing its soybeans 
although, as company director George Strayer notes, ‘Very 
logically I know we can claim what many other people 
claim so far as producing organically grown soybeans.’ 
Mr. Strayer prefers not to use the catchword because of a 
perceived confusion in the common usage of the term; it 
seems to impede communication when describing soybean 
production techniques and can often serve as a red fl ag, 
inviting controversy and disagreement. An examination of 
soybean production practices reveals this delicate distinction. 
The normal procedure is to rotate corn and soybeans on a 
fi eld, year after year, with the heavy commercial nitrogen 
fertilizers applied on the corn crop, which is highly 
responsive to nitrogen; whereas, soybeans, following in 
the next season, perform better on nitrogen residues in the 
soil. In northern climates there are no signifi cant insect 
pests that represent a commercial threat to soybeans, so 
insecticides are not used. The only place herbicides are 
involved are in fi elds newly brought into production where 
weed competition is fi erce, and, often, the herbicides 
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employed are pre-emergents, or sprays incorporated in the 
soil before planting or before seed emergence. On many 
fi elds herbicides are not needed any longer, as the prominent 
weeds have been eliminated from the particular fi eld. It 
becomes, for George Strayer’s operation, a matter of fi eld-
to-fi eld, year-to-year operation, and one year’s harvest might 
represent a herbicide-free crop, whereas the next year some 
pre-emergents might have been used. ‘I have always taken 
the attitude that we did not want to get into this organic 
versus non-organic controversy because there are too many 
defi nitions of just what “organically grown” is.’
 “Several soybean distributing companies, operating 
within the organic sphere, have pieced together standards for 
their soybeans. Living Farms and New Life Foods, both of 
Tracy, Minnesota, have published a booklet that spells out 
what is required: soil enrichment components are limited 
to organic matter products that have not been chemically 
fortifi ed; natural rock powders that have not been mined or 
processed with synthetic chemicals; benefi cial bacteria and 
algae cultures that are not chemically fortifi ed; insect control 
is to be accomplished by predatory insects, insect disease 
cultures, attractants, and, occasionally, rotenone, pyrethrum, 
ryania, or sabadilla; weed control shall be done by crop 
rotation accompanied with mechanical cultivation; all of the 
above must be practiced for three seasons before soybeans 
will be accepted from the land involved. These are stringent 
and exacting standards and require constant monitoring 
and certifi cation to insure the integrity of the program. ‘We 
turned down about half of the people that want to certify 
with us,’ comments Larry Eggan, of New Life Foods. ‘There 
are a lot of people that are in the core transitional stage 
of farming, that is, they use some objectionable form of 
chemicals, but yet they’re kind of pseudo-organic, so we call 
them transitional farmers.’ Mr. Eggan believes the purists 
in the consuming sector are growing at the same rate as the 
number of ‘true organic farmers’ and that today’s standards 
are actually minimal. ‘There will be a levelling off period 
some time in the future. When the period hits, the standards 
should be increased. Instead of three years away from 
chemicals, it should go to fi ve years, and seven, and ten, then 
fi fteen and twenty years.’
 “Consequences for Soil & Consumer: It would seem 
that, in assessing the relative merits of either cultural 
practice–conventional with herbicides or organic without–
two useful parameters would be the effect on the soil and 
the effect on the consumer of either system. Commenting 
on soybeans produced with commercial fertilizers, farmer 
William Boyd observes that ‘Chemical laboratories can give 
me no indication that there is any difference in the protein 
content, in the ash content, in the breakdown of amino acids 
where the soybeans have been grown on land that received 
no commercial fertilizer as compared to land that did.’ 
According to Eliot Coleman, of the Coolidge Center for the 
Advancement of Agriculture, in Topsfi eld, Massachusetts, 

‘Nitrogen is an element, and it probably makes no difference 
whether it comes out of a bag or the backend of a cow.’ 
Mr. Coleman adds that the difference might lie in the 
various trace minerals and bacteria present in manure that 
might be absent in commercial fertilizers, and which ‘may 
possibly have a benefi t in proving the biological quality of 
the end product.’ Yet this would be diffi cult to document 
and substantiate at an agricultural society meeting because 
the difference is subtle. It is more a matter of ‘getting your 
whole system together so you have a soil in which natural 
processes work to make nutrients available at the rate that 
plants, through evolution, have come to require them.’ From 
the standpoint of soybean physiology, the source of nitrogen 
is not consequential because soybeans can fi x atmospheric 
nitrogen through their root nodules in the soil, or reduce 
nitrates (applied as fertilizer) into amino acids in their leaves.
 “Some conventional farmers claim that soil fertility and 
humus levels are rising from plowing in the larger cornstalks 
produced from heavy nitrogen fertilization. ‘Our baseline 
has been attempting to build from the soil,’ remarks Lee 
Cunningham, of Wonder Life Corporation, in Des Moines, 
Iowa. ‘We feel that soil is the baseboard. We want a healthy 
life and so we start from the soil.’ Wonder Life Corporation 
is certainly not a typical soybean producing company; 
neither are they an `organic’ company. Bio-humic describes 
the special program they have developed to escape the bulls’ 
horn of the organic controversy, and they work closely with 
farmers who are attempting to ‘jump off their traditional 
programs.’ (The Bio-humic system maximizes the natural 
biological process in the soil by increasing trace elements, 
humus, and soil bacteria, by practicing crop rotation and 
cultivation, and by eliminating pesticides, herbicides, and 
acidic fertilizers.) ‘We are trying for the maximization of life 
in the soil, allowing it to fi nd its own balance and to create 
balanced, nutritious, properly grown plants.’ Crop rotation, 
certainly, is not a recent innovation, although, whereas in the 
past, a four or fi ve year rotation might be employed, today 
the common practice is two years–corn and soybeans. ‘The 
primary emphasis is to balance the soil, to treat the soil as a 
living, very sensitive organism, and to never mine the soil,’ 
Larry Eggan points out; and a well-structured crop rotation 
is essential to replace defi cient nutrients. ‘Everything that 
we can learn about nature and how it operates is what has to 
be achieved by the organic farmer’” (Continued). Address: 
Colrain, Massachusetts.

2172. Okon, Y.; Volfovitch, M.; Henis, Y.; Pinthus, M.J. 
1979. Inoculation of soyabeans in Israel with Rhizobium 
japonicum. Experimental Agriculture (England) 15(3):267-
72. July. [10 ref]
• Summary: “During the last few years, Israel’s consumption 
of soyabeans has been steadily increasing. At present all 
soyabeans consumed in Israel are imported from the USA 
and early experiments carried out in 1935-44 and 1950-51 
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(S. Horowitz and A. Goldin, unpublished) indicated that 
soyabean production was not economically feasible in Israel 
either for cooking oil production or as a forage crop.”
 A positive yield response to soybean inoculation was 
reported in Israel. Address: Faculty of Agriculture, Hebrew 
Univ. of Jerusalem, Rehovot, P.O. Box 12, Israel.

2173. Ozawa, Takeshi; Yamaguchi, M. 1979. Inhibition 
of soybean cell growth by the adsorption of Rhizobium 
japonicum. Plant Physiology 64(1):65-68. July. [13 ref]
• Summary: The sodium cholate-soluble fraction of 
Rhizobium cell envelopes had a growth-inhibiting effect on 
soybean cells in suspension culture. It was suggested that 
rhizobial cell surface components cause a similar inhibition 
of soybean cell growth after adsorption during the infection 
process.
 “Results in this paper suggest that components of the 
Rhizobium cell surface cause the inhibition of soybean cell 
growth after the adsorption of the Rhizobium cell to the 
soybean cell.
 Note: Sodium cholate is a trihydroxy bile salt that is 
used as a digestive aid in dietary supplements. It is used in 
culture media and in conjunction with papain and pancretin. 
Address: Dep. of Agricultural Chemistry, Univ. of Osaka 
Prefecture, Sakai, Osaka, Japan.

2174. Tu, J.C. 1979. Alterations in the membranes of 
bacteroidal cells in soybean root nodules as revealed by 
freeze fracturing. Physiological Plant Pathology 15(1):35-
41. July. [22 ref]
• Summary: In the early stages of nodulation, the bacteroidal 
plasma membrane contained a signifi cantly higher density of 
intramembraneous particles (IMP’s) than did non-bacteroidal 
cells, and this increased further as nodulation progressed to 
the intermediate stage. Small areas devoid of IMP’s were 
observed, becoming larger, more numerous, and frequently 
bounded by an area of high IMP density. These observations 
were interpreted to show that the plasma membrane of 
bacteroidal cells and the membrane envelope become 
highly active during nodulation. Address: Research Station, 
Agriculture Canada, Harrow, Ontario N0R 1G0, Canada.

2175. Cordeiro, Lazara. 1979. Numero e diametro dos 
nodulos em Glycine max (L) Merrill cultivar Santa Rosa 
[Number and diameter of nodules on Glycine max (L.) 
Merrill cultivar Santa Rosa]. Revista Brasileira de Biologia 
39(3):627-31. Aug. [14 ref]
• Summary: Strains differing in nodule number and nodule 
size did not differ signifi cantly in nodulating ability. Address: 
Dep. of Botany, Inst. of Biosciences, Univ. Sao Paulo, Brazil.

2176. Howell, Robert W. 1979. Fifty years of soybean 
physiology. In: R.W. Judd, ed. 1979. 50 Years with 
Soybeans. Urbana, IL: National Soybean Crop Improvement 

Council. 86 p. See p. 22-26.
• Summary: “Physiology is the most recent of the major 
disciplines to have developed in soybean research. The really 
active period of soybean research dates back only about 20 
years but the advent of physiology research as it has affected 
soybean research and production goes back beyond the 
50 year period of the NSPA. Before the beginning of this 
century it was recognized that some principle in the soil was 
of special signifi cance to the leguminous plants including 
soybeans. It was soon found that soil bacteria in symbiosis 
with soybean and other legumes could use nitrogen from the 
air. Later in the early years of the century soybeans were one 
of the plants used in the discovery of the effect of the length 
of day on fl owering. This effect is called ‘photo-periodism’.
 “The photoperiod response was discovered in 1918 by 
Garner and Allard. The soybean was included in their study 
because of an observation by Mooers of Tennessee in 1908 
that the time a variety required to mature was infl uenced by 
the planting date. Borthwick and Parker beginning in the 
mid-1930’s showed that it was the length of the night rather 
than the length of day that is the important factor. Along with 
Hendricks and others they isolated the pigment responsible 
for the response to light and called it phytochrome in the late 
1950’s. Working with Borthwick, Johnson and Leffel showed 
that there are photoperiod effects on other stages of the 
growth cycle as well.
 “The maturity group concept adopted early in the 
modern period of soybean breeding research was probably 
the fi rst and perhaps the most signifi cant application of 
photoperiod in fi eld crops. This principle is of course widely 
used in the greenhouse ornamental industry to insure that 
fl owering is synchronized with holidays.
 “Experience in the southern states and more recently 
internationally shows that fl owering and maturity are 
infl uenced by other environmental factors also. The effect of 
day length however remains a paramount factor.
 “Photoperiod research on soybeans proceeded as a 
matter of scientifi c interest and mostly preceded what might 
be called institutional soybean physiology research–that is 
research motivated by the needs of soybean production. The 
fi rst physiologist on the USDA soybean project was Ernest 
Earley beginning in 1937. He remained about seven years. 
After World War II he was succeeded by Dean McAlister. 
Their work was mostly directed toward mineral nutrition, 
probably looking for the secret of how to apply fertilizer 
profi tably. The emphasis on mineral nutrition continued 
after I succeeded McAlister in 1952. Earlier, Martin Weiss’s 
work prior to world War II had shown that differences in iron 
nutrition response were heritable. J.C. Brown and Charles 
Foy and others at Beltsville studied the physiological basis 
of these iron differences in great detail during the 1950’s and 
1960’s.
 “It became evident that the response of soybeans to 
fertilizer was not as easily manageable as was the corn 
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response. Dr. Pesek will discuss nutrition in more detail.
 “Since soybeans could not be made to respond to 
management practices as did other popular crops interest 
turned to comparative physiology. Could a comparison of 
physiological processes in different crops provide a clue as to 
why soybeans do not respond and yield like other crops such 
as corn? Many differences are apparent or can be inferred.
 “Differences in seed composition: The high levels of oil 
and protein in soybeans and the energy requirement in their 
synthesis contrasts with very high levels of carbohydrates in 
the cereals.
 “The nitrogen fi xation system: How much energy does it 
take to operate this system, which occurs in soybeans but not 
in corn?
 “Photosynthesis: This is the beginning of life processes. 
It can be speculated that if soybeans get off to a disadvantage 
in photosynthesis they can never catch up to the performance 
of other crops. Does photosynthesis in soybeans differ from 
that in corn?
 “Growth regulators or directors: Is there some natural 
regulator that is defi cient or out of balance in soybeans that 
holds the crop back?
 “Water relations.
 “Comparisons were also envisioned within soybeans, 
such as comparing fi elds that had a reputation as ‘good’ 
soybean fi elds with those whose reputation was ‘poor’.
 “So a very signifi cant increase in soybean physiology 
research began about 20 years ago. In looking for a reason 
for the rapid increase the recognition of stimulating 
questions such as those mentioned above was important. 
However, the signifi cance of funding from NSPA in that 
early period, of the legislative contacts over many years by 
Judd, Strayer, Jackson, at al., and of funding from Check-Off 
Boards can hardly be overestimated. Physiology research 
not only of soybeans but of most crops had been minimal. 
The mainstream of plant physiology research was towards 
cell organelles and biochemical process, and away from 
crop production problems. The soybean industry interest 
in funding has been a major factor in the growth of ‘crop 
physiology’ not only in soybeans but in other crops as well.
 “Photosynthesis deserves special mention. William 
Ogren began work on soybean photosynthesis in 1965. 
I believe he was the fi rst person who had been trained 
primarily in biochemical photosynthesis to be employed on 
a project which was production oriented. Many others began 
in the ensuing years. Soybean photosynthesis research has 
ranged from whole plants in the fi eld to the molecular and 
below. Some questions which have been addressed include: 
Is photosynthesis in soybeans different from that in corn 
and other ‘more effi cient’ crops? Can a genotype with more 
effective photosynthesis be identifi ed? Can crop geometry be 
manipulated to achieve more effi ciency? Is translocation too 
slow? Is nitrogen fi xation a drag?
 “Some of these questions have been answered.

 “Photosynthesis in soybeans is indeed different from 
that in corn. The discovery of photorespiration was a major 
event in understanding the difference. There is a ‘leak’ in the 
soybean system represented by photorespiration which burns 
some of the photosynthate unproductively. As in mechanical 
systems there is no way to get as much production (i.e., 
economic yield per unit of photosynthesis) from a system 
that is leaky as from one that isn’t. The tracing of this 
problem to ribulose diphosphate carboxylase is largely the 
work of Ogren. He was recognized with the crop science 
award at the 1979 CSSA meeting.
 “Genotypic variation in photosynthesis within a species 
seems slight. This conclusion is based on work with many 
species. Specifi cally genotypes of soybeans and other 
photorespiration species have not been found which lack the 
photorespiration trait.
 “Planting rates, row spacing, leaf angle and shape 
and such variables have been re-examined. Most results 
confi rmed earlier fi ndings of yield responses without 
any defi nite conclusion as to how much of the observed 
responses could be attributed to photosynthesis.
 “There is considerable evidence that nitrogen 
fi xation uses up a lot of photosynthate. On the one hand, 
photosynthesis supply limits nitrogen fi xation; on the 
other, the nitrogen fi xing system is competing with yield. 
But experiments of C.R. Weber two decades ago in which 
nonnodulating lines could not be boosted to higher yields 
than nodulators have not been refuted.
 “The last 15 years has been a period of rapid progress 
in studies of nitrogen fi xation. The advent of the acetylene 
reduction method accelerated by several orders of 
magnitude the speed of measurement of nitrogen fi xation 
while increasing accuracy and simplifying the process. 
Work on nitrogen fi xation has attracted very signifi cant 
attention. Very recently Winston Brill of the University 
of Wisconsin received the Humboldt Award for his work 
on nitrogen fi xation. Last year R.H. Burris, also from 
Wisconsin, received the Browning Award from the ASA for 
his nitrogen fi xation research. Soybeans have received their 
share of attention in nitrogen fi xation research. Uniquely 
the Beltsville group beginning with Johnson and Means 
and continued by Caldwell and D.F. Weber has shown 
genotypic differences in strains of bacteria and strain-variety 
interactions. Recently in Puerto Rico, Smith has found 
strains which seem unusually tolerant of high temperatures, 
an observation that may be important in efforts to establish 
nitrogen fi xing strains in tropical soils. The problem of 
establishment stands as the biggest current barrier to 
application of the results of nitrogen fi xation research to 
production problems. Experienced fi elds generally have 
an established population of R. japonicum. There are not 
yet ways to displace the established population with a new 
population” (Continued). Address: Univ. of Illinois.
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2177. Howell, Robert W. 1979. Fifty years of soybean 
physiology (Continued–Document part II). In: R.W. Judd, ed. 
1979. 50 Years with Soybeans. Urbana, IL: National Soybean 
Crop Improvement Council. 86 p. See p. 22-26.
• Summary: (Continued): “Water relations have received 
some attention by physiologists, notably, Mederski at Ohio 
and Boyer at Illinois. It is obvious that plants cannot get 
along without water. Runge and Odell of Illinois and also 
Thompson of Iowa State have studied climatic effects 
and shown that there are critical periods when the crop is 
especially sensitive to water stress. Mederski showed that 
even a modest water defi cit can be amplifi ed as a reduction 
in photosynthesis. The problem of water is that there is 
sometimes too much and sometimes too little. Irrigation has 
expanded very greatly in the Plains states and is becoming 
increasingly popular in the rain-fed areas of the middle west 
and south. In some years drainage may be needed or both 
drainage and irrigation may be needed at different times in 
the same season.
 “Growth substances have the attraction of the magic 
bullet. The discovery of the fi rst plant hormone called 
‘auxin’ by Went about 50 years ago introduced the period 
of growth substance research. There has been work on 
soybeans with growth substances for many years. The 
response of soybeans to TIBA was reported in 1943 in the 
Ph.D. thesis of Galston and was studied further by Anderson 
and others in the 1960’s. Various substances thought to 
have potential for fruitset, hybridization, modifying growth 
habit, increasing photosynthesis, or simply increasing yield 
have been studied to various extents. To name a few: Auxin 
(indole acetic acid), the closely related naphthalene acetic 
acid, 2-4D in combination with minor elements, Duraset, 
FW450, gibberellic acid, abscisic acid, and currently benlate. 
In addition there are many poorly described products offered 
for sale after little or no critical evaluation and with little or 
no theoretical basis to suppose they might be useful.
 “Oil and protein synthesis have been thought to 
be important for several reasons. Obviously they are 
important in the products derived from soybeans and so 
by reference information as to their synthesis would be of 
interest. Problems encountered in using soy oil and protein 
are attributed to such constituents as linolenic acid, low 
methionine, etc. A given number of calories of oil weigh 
only half as much and of protein about 3/4 as much as those 
calories in carbohydrates. So the impact on yield of using 
energy to make these high energy products is obvious. There 
has not been very much work on oil and protein synthesis. 
Rinne is the only one who has made this a major research 
area. However, others including Brim have had a continuing 
interest. Brim characterized all of the genotypes that were 
available a few years ago as to their linolenic acid level. 
Genotypes are available with levels as low as about four 
percent linolenic acid, which is about half the normal level. 
A level considerably lower, perhaps as low as one percent 

linolenic acid is thought to be needed to avoid problems that 
occur in cooking with soybean oil.
 “With all these areas of research most physiologists 
would like to identify an easily measurable trait that would 
be a good index to yield. This objective has been elusive 
and may be illusory. The physiology research community 
is still very young, however, and needs to be encouraged to 
continuing probing as deeply as possible into what makes the 
soybean tick.” Address: Univ. of Illinois.

2178. Pesek, John. 1979. Soybean production research, 
1928-78: Mineral nutrition and fertilizing. In: R.W. Judd, ed. 
1979. 50 Years with Soybeans. Urbana, IL: National Soybean 
Crop Improvement Council. 86 p. See p. 27-35.
• Summary: “The soybean crop presents a set of challenges 
in the understanding of its nutrition and the application 
of fertilization practices which are quite different from 
those for grass crops or other non-leguminous annual 
crops. One reason is that soybeans are mostly grown in a 
symbiotic association involving the soybean and rhizobium 
japonicum, the nitrogen fi xing bacteria. This association 
adds to the complexities as the nitrogen nutrition of the 
crop is dependent upon it and this relationship might cause 
interactions with other mineral element nutrients to be 
different.
 “Soybeans also produce a crop which is very high in 
terms of energy content per unit of weight, high in nitrogen 
content, phosphorus content and the content of some of the 
bases. In these, soybeans are quite different from the cereal 
and feed grains. The seed are borne in a large number of 
reproductive organs (pods) distributed along the complete 
stem rather than being concentrated in a single ear or head. 
When one adds all these differences to the fact that soybeans 
are a relative newcomer to the agricultural scene in the 
United States, it is apparent why we may not be as fully 
informed as we need to be. There is a great opportunity for a 
better understanding of soybean nutrition.
 “Technical reviews of this topic have been published by 
Ohlrogge in Advances in Agronomy published by Academic 
Press in 1960; Ohlrogge and Kamprath in Changing 
Patterns in Fertilizer Use published by the Soil Science 
Society of America in 1968; Enken in Soybean published 
by Selchogiz in Moscow in 1959; Pesek in The Role of 
Potassium in Agriculture published by the American Society 
of Agronomy in 1968; and by deMooy, Pesek and Spaldon 
in Soybeans; Improvement, Production and Uses published 
by the American Society of Agronomy in 1973. Readers are 
referred to these sources for a review and interpretation of 
reports and the literature. This report draws heavily upon the 
last named reference.
 “Accumulation of the major nutrients in soybeans 
is high with levels of up to 358, 34, 123, 90, 39, and 28 
kilograms per hectare having been reported for N, P, K, Ca, 
Mg and S in the above ground parts. The accumulations 
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of N, P and K initially usually lag the accumulation of 
dry matter but reach a maximum daily accumulation rate 
within sixty days after emergence and hold this rate for 
approximately 30 days. Maximum rates of accumulation 
in kilograms per hectare per day reported in the Middle 
West are 4.9, 0.39, 1.9, 3.1 and 1.7 for N, P, K, Ca and 
Mg, respectively, and 7.7, 0.41, 4.6, 2.4 and 0.77 in the 
Southeast. Considering the foraging of the root system for 
water (to depths of fi ve feet or more), it is evident that a high 
concentration of nutrients, especially other than nitrogen, is 
needed throughout the soil profi le to assure uninterrupted 
growth.
 “The soybean seed crop contains high proportions and, 
therefore, removes large quantities of mineral nutrients from 
the fi eld.
 “Some studies have indicated that two-thirds of the N 
and three-fourths of the P absorbed are lodged in the grain 
along with about three-fi fths of the K. One-fourth of the N 
and one-fi fth each of the P and K are dropped in leaves and 
petioles at maturity, leaving only seven to eighteen per cent 
of the individual nutrients in stems and pods. Hence, the 
replacement, with fertilizers, of nutrients removed in the 
grain (except for nitrogen) is an important consideration in 
producing soybeans.
 “Generally, the soybean crop accumulates only 40% 
of the N and K and about 45% of the P found in the grain 
during the period when the beans are developing. This means 
that large amounts of these nutrients must be translocated to 
the seeds from other plant parts, mostly the leaves, to satisfy 
the requirements of the developing grain. Over half of the N, 
P and K in the grain at maturity has to be translocated from 
other plant parts during the 15 to 20 days prior to maturity.
 “Some consideration has been given to selecting 
soybean plants which can accumulate unusually high levels 
of N, P and K in vegetative tissues for later translocation. 
Germplasm material shown to accumulate above average 
levels of P and K has been incorporated into breeding 
populations. To the extent that yields depend upon 
accumulation of nutrients for translocation, this procedure 
might help push up the yield potential of cultivars in the 
future.
 “The economic production of soybeans seems to be 
absolutely dependent upon profuse and effective nodulation 
with Rhizobium japonicum strains which are highly effi cient 
in fi xing N. It is estimated that most soils in soybean growing 
regions of the United States are inoculated with various 
strains of R. japonicum for which the serological groups vary 
from one soil type to another within the same fi eld. Some of 
these adapted (or perhaps indigenous) strains are much more 
effi cient in N fi xation than others.
 “It has been shown that there are serological groups 
of R. japonicum strains which have been isolated but not 
prevalent in fi eld soils which are superior N fi xers to those 
commonly used in commercial inoculum. There is a major 

challenge to cause soybean crops to be inoculated with these 
superior strains in preference to those already adapted in the 
soil. Various approaches have been proposed and tried. One 
of the simplest is simply to add excessively high numbers of 
cells of superior strains to the seed row at time of planting. 
This has been partially successful. The use of selective 
phages has also been suggested but most recently an effort 
is being made to give superior strains of R. japonicum the 
ability to infect normally non-nodulating soybean lines. If 
perfected, the native Rhizobium strains would not nodulate 
the plants but the uniquely infective superior strains would.
 “One common characteristic of the soybean-Rhizobium 
association is that it does not fi x very much N if the 
supporting soil has adequate supplies of mineralized N 
present. The proportion of N in the soybean crop grown 
on good agricultural soils brought about by N fi xation has 
been estimated to be as high as 59% of the total. The highest 
amount reported seems to be 164 kilograms per hectare for 
soybeans inoculated with strain 110 of R. japonicum.
 “Fertilizing soybeans with fertilizer N is not 
recommended and has seldom, if ever, been profi table. 
Except under unusual circumstances, the responses to 
applied fertilizer N have been small and inconsistent. Where 
signifi cant responses have been observed, the mineral N 
supply was either placed or applied in such a way or at such 
time that it was not available to the young soybean plant 
and did not interfere with the establishment of effi cient, 
functional nodulation at the outset of growth.
 “In cases where N fertilizers have been applied, recovery 
rates of up to 81% have been reported in greenhouse trials. 
Non-nodulated soybeans have recovered up to 60% of up to 
224 kilograms N applied per hectare. Nodulated soybeans 
under the same conditions recovered less.
 “Commonly observed levels of N in young mature 
leaves of soybean fall between four and seven percent. 
Those below four are defi cient and those above seven are 
considered to be excessive. These values are given for leaves 
of plants in the late bloom stage.
 “Phosphorus plays a central role in the energy transfer 
within cells through the high-energy phosphate bond in 
adenosine triphosphate. It is therefore of critical importance 
in the formation and translocation of carbohydrates and other 
carbonaceous compounds in plants. The element also is a 
component of the nucleo-proteins of cell nuclei.
 “Soybeans are considered to be strong absorbers of P 
from soils especially the P of soluble phosphate fertilizers. 
Recovery of up to 47% of the fertilizer applied has been 
reported and most of this was absorbed during about the last 
month before maturity.
 “Usually the P content at late bloom in the young mature 
leaves ranges from 0.2 to 0.8 percent. Values below or above 
this range are usually considered to be either defi cient or 
excessive, respectively.
 “Excessive levels of P are of no particular consequence 
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in most cultivars of soybeans however high levels in the 
plant produce phosphorus toxicity symptoms in some lines. 
The detrimental effect of high levels of applied P take the 
form either of a P induced zinc defi ciency in tolerant lines, or 
P toxicity in P sensitive lines.
 “The level of P nutrition has a profound effect upon 
the number of nodules and the size of nodules produced 
on many soybean cultivars. Not only is the total mass of 
nodules increased by appropriate P applications, but the N 
concentration in the nodules may be increased up to 20% 
as well and the amount of N assimilated per unit weight 
of nodule tissue may be increased three-fold. The overall 
effect of P fertilization on apparent N fi xation may exceed a 
factor of forty times the amount per plant without added P” 
(Continued). Address: (Not given).

2179. Pesek, John. 1979. Soybean production research, 
1928-78: Mineral nutrition and fertilizing (Continued–
Document part II. In: R.W. Judd, ed. 1979. 50 Years with 
Soybeans. Urbana, IL: National Soybean Crop Improvement 
Council. 86 p. See p. 27-35.
• Summary: (Continued): “Generally, soybeans are not 
considered to be strong responders to directly applied 
fertilizer nutrients, including P. Soybeans have been 
reported to be stronger foragers for soil and residual P than 
other commonly grown crops. They have been observed to 
respond well to residual fertilizer applications one or two 
years later and they respond well to the general productivity 
level of soils or a build-up of fertility or productivity level 
to fertilization and management. Perhaps it is the strong 
foraging ability of the soybean root system for all nutrients 
which tends to limit responses to directly applied fertilizers 
to those conditions where the common soil tests indicate 
very low or low levels of soil supply. Root studies underway 
now may elaborate some of the reasons.
 “There are differences among lines of soybeans as far as 
levels of P in young mature leaves are concerned at various 
stages of growth. Hence, plant selection for this trait as well 
as for P tolerance might have merit in the development of 
cultivars for the future.
 “Potassium has probably been more commonly limiting 
for the production of soybeans than phosphorus or other 
nutrients. Responses to K are quite common in the Southeast 
and in the eastern part of the northern soybean production 
region. Even more important than an increase in yield with 
K fertilization, is the superior grain quality produced when K 
levels are adequate.
 “Levels of K commonly found in young mature leaves 
of soybeans in the late bloom stage are 1.25 to 2.75 percent. 
Levels lower than 1.25 percent are considered to be clearly 
defi cient and a response to K on fi elds producing such plants 
would be expected. Levels of potassium above 2.75 percent 
are considered excessive but may not be detrimental.
 “Generally, the absorption of calcium and magnesium 

tends to be reduced as K levels are increased. The reverse 
effect of Ca application upon K absorption also has been 
observed as having positive interactions of P and K. Soluble 
sources of K appear to be equally acceptable for fertilizing 
soybeans. Care must be exercised to assure that Ca and Mg 
levels in the soil are adequate or are corrected prior to or 
simultaneously with major K additions and vice versa.
 “Soybeans planted and fertilized with K on soils 
initially testing very low by common soil testing methods 
and calibrations are very likely to respond to the applied 
K fertilizer unless other limiting factors are involved. 
Soybeans planted on soils testing low respond less and not 
as frequently while on medium and high testing soils they 
respond little and relatively infrequently.
 “Calcium plays a signifi cant role in symbiotic nitrogen 
fi xation. It appears that Ca is the most important of the 
bases in terms of its effect upon nitrogen fi xing bacteria. 
Cases have been reported where low Ca levels have been 
responsible for limiting responses to P fertilizers as well.
 “Ca levels in agricultural soils are important in soybean 
nodulation, but soybeans have failed to nodulate at levels 
of pH below 5 regardless of the level of calcium present in 
collodial clay cultures.
 “Normal Ca levels in soybean leaves range from 0.2 
to 3.0 percent when soybeans are in the late bloom stage. 
Levels outside of this range are either too low or excessive. 
Ca is one of the elements which normally becomes part of 
the cell walls in plants and is an element which is not freely 
translocated once assimilated in this way. Because soybean 
seeds contain relatively high levels of Ca, it is, therefore, 
imperative that a supply of calcium must fl ow to the seeds 
through the xylem system throughout the seed fi lling stage.
 “The soil reaction or pH level comes to mind when 
one speaks of Ca because calcium carbonate is a common 
neutralizing material used on acid soils. There is general 
agreement that the ideal pH for soybeans lies between 6.0 
and 7.0. Apparently it lies toward the lower end of this range 
in soils which are low in cation exchange capacity because 
of kaolinitic clay minerals: it lies toward the upper part of 
this range in soils with illitic clay minerals present and with 
higher levels of cation exchange capacity. Levels of Ca 
associated with these levels of pH normally do not interfere 
with K or Mg nutrition provided there are adequate absolute 
exchangeable levels of these elements present.
 “Another factor involved is the induced defi ciency of 
certain micro-nutrients such as manganese, iron or zinc at 
high pH levels. The sensitivity of these elements to increases 
in pH to neutrality or above is greater on the soils with low 
cation exchange capacity and is enhanced by the presence of 
free calcium carbonate.
 “Magnesium is most commonly associated with the 
chlorophyll molecule in all plants. In soybeans the more or 
less adequate range of Mg content lies between 0.10 and 1.50 
percent in the young mature leaves of soybeans at the late 
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bloom stage. This is approximately one-half the level of Ca. 
Unlike Ca, Mg is relatively mobile in plants.
 “An accepted common practice to assure continued 
adequate levels of Mg in soils is to neutralize acid soils with 
dolomitic limestone. Such liming material usually contains 
adequate Mg to maintain an appropriate balance between 
exchangeable soil Ca and soil Mg in the upper soil layer. 
Responses of soybeans to Mg have been reported from both 
the southeastern and northern soybean production regions 
although they have been relatively uncommon. Sulfur 
defi ciencies for soybean production are also uncommon. 
There are at least three factors which suggest that more 
attention may be paid to S in the future. First, fertilizers 
are becoming more and more refi ned and contain none or 
considerably reduced levels of S as compared to fertilizers 
used a generation ago. A second reason is that environmental 
efforts are destined to reduce the amount of S in the 
atmosphere, thus restricting the amount of direct absorption 
by plants and reducing the amount of S added to soils in 
precipitation. Finally, yields of crops are increasing, thus 
increasing the amount of S removed.
 “Sulfur is an important constituent of the sulfur-bearing 
amino-acids. These are relatively abundant in soybean 
protein. Reports are that 0.25 to 0.40 percent S in soybean 
plants at the late bloom stage constitute a suffi ciency range. 
Considerably more research is needed to determine the 
best way to predict S needs of crops, responses to S, and 
how it might best be supplied. Gypsum seems to be a very 
effective and inexpensive way to add S to soils because it 
is so plentiful. Experiments with applying elemental S and 
thiosulfates as fertilizers are also on record and these sources 
seem to be effective.
 “The most common micro-element problem with 
soybeans is calcium carbonate induced iron defi ciency 
chlorosis. This problem is best treated by spray application 
of iron salts or chelates immediately after the symptoms 
appear and reapplying if needed. This has met with varying 
degrees of success and is not commonly practiced because 
most soybean plants eventually grow out of the diffi culty and 
the defi ciencies commonly occur on irregular small parts of 
most fi elds with calcareous surface soils. This chlorosis is 
not consistent season-to-season and area-to-area and learning 
the reasons why constitutes an interesting challenge, but 
fi nding out may not be really necessary.
 “It may not be necessary because it is known that 
susceptibility to this chlorosis is apparently controlled by 
a single gene locus with a number of alleles which confer 
degrees of tolerance ranging from none (dead plants) to 
complete. The long-run solution to calcium carbonate 
induced iron defi ciency chlorosis appears to be one of 
selection during plant breeding. In the meantime, tests 
for susceptibility to chlorosis are made and cultivars 
are identifi ed according to the degree of tolerance or 
susceptibility. Susceptible cultivars are then avoided in 

calcareous fi elds with a history of chlorotic soybeans.
 “Manganese defi ciencies are usually observed in soils 
where to pH approaches or exceeds neutrality, on heavily 
limed soils (especially those with low exchange capacity) 
and on peat or muck soils. They may therefore occur over 
wide regions of the soybean producing areas of the United 
States and have been reported widely but the total area is 
small. There is a relationship between Mn and Fe nutrition of 
soybeans.
 “Suffi cient levels of Mn in the above ground plant parts 
ranges between 20 and 50 ppm. Below 15 ppm, the element 
is clearly defi cient and the serious excess range appears to be 
above 250 ppm.
 “Manganese toxicity symptoms have appeared on soils 
with a pH below 5.1 and have usually been reported from 
the southeastern soybean production region. Apparently it is 
possible for soybean root systems to be adversely affected 
by Mn toxicity. in the subsoil, preventing root development, 
without typical visible symptoms in the above ground plant 
parts. Mn toxicity levels occur under soil conditions similar 
to those under which aluminum toxicity might occur. One 
of the challenges to long-term soil management is the 
maintenance of pH levels in subsoils which do not permit 
toxic levels of Mn or Al to come into solution...”
 “The one serious problem on the horizon with soybeans 
is the erosive condition in which the crop leaves the soil...” 
Address: (Not given).

2180. Scott, Walter O. 1979. Cooperative extension efforts in 
soybeans. In: R.W. Judd, ed. 1979. 50 Years with Soybeans. 
Urbana, IL: National Soybean Crop Improvement Council. 
86 p. See p. 64-67.
• Summary: The Smith Lever Act offi cially established 
the Extension Service in 1914. But prior to 1914 the word 
“extension” was already an accepted word at U.S. colleges. 
Cornell [Ithaca, New York] had established a Department of 
Extension in 1900. Illinois organized an extension staff in 
1901, and these people worked through Farmers’ Institutes.
 William J. Morse “probably deserves more credit than 
any other one person for the establishment of soybeans in the 
U.S. Even though he was a member of the USDA research 
staff, he was a tremendously effective extension educator... 
I have heard the late J.C. Hackleman talk about him on 
many occasions. In 1974 Martin Weiss wrote Dr. Howell 
the following: ‘... on rare occasions he (Morse) would let 
his hair down and describe some of the early experiences–
how he would take a few bushels of soybeans with him as 
he traveled by train into the southeast; how he would hire 
a spring wagon and team of horses at the livery stable and 
strike out across country; how he would induce them to plant 
a few rows from the seed he had.’ This is how he found some 
of the strong cooperators, such as the family at Monetta, 
South Carolina.’” Note: In 1936 a soybean variety was 
named “Monetta.”
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 The “beginning of real acceptance of soybeans by 
American farmers started in the late teens. Notes made by 
J.C. Hackleman state that the soybean acreage in Illinois 
increased from 500 acres in 1914 to 3,288 acres in 1919. The 
persons who are linked with the early history of soybeans 
were mostly on the job before 1929 and had already fallen 
in love with soybeans. By 1929 they had developed their 
extension education program to promote soybean production. 
In the Midwest these would include the familiar names of 
J.C. Hackleman in Illinois, Keller Beeson in Indiana, Ed 
Dyas in Iowa, and George ‘Soybean’ Briggs in Wisconsin.” 
In the early days you had to sell soybeans to farmers. These 
extension pioneers were “soybean evangelists.”
 “The popularity of soybeans really took an upward turn 
in about 1920. The fi rst Corn Belt Soybean Day was held on 
the Fouts Brothers farm near Camden, Indiana, September 
3, 1920. Over 1,000 people from Indiana, Ohio, Illinois, 
Michigan, Wisconsin, Kentucky and the USDA attended. 
The following year the second annual Soybean Day was held 
on the A. P. Meharry farm on which there were 400 acres 
of soybeans, of which 300 were for seed and hay, and 100 
acres of corn. This farm was near Tolono, Illinois. About 
1600 attended that meeting... As you might expect, Morse 
was at both of these events. The National Soybean Grower’s 
Association was organized at the Fouts farm in 1920. The 
name was changed to American Soybean Association in 
1925.
 “An extension educational program needs practitioners-
farmers who believe in the program. The late J.C. Hackleman 
mentioned two farmers more than any others; these were 
W.E. Riegel of Tolono, Illinois and John T. Smith also of 
Tolono. There were many others including Frank Garwood 
and T.H. Lloyd.
 “Growers and university people who spoke at the 
meeting in Illinois included:
 “Edward E. Evans–Michigan
 “Ralph Kenney–Kentucky–maybe have been University 
of Kentucky
 F.S. Wilkins–Iowa–I am sure he was on the staff of Iowa 
State
 “Taylor Fouts–Indiana–whose farm was the fi rst 
Soybean Day site
 “F.E. Russell University–Columbia, Missouri–may have 
been from the University of Missouri
 “George Briggs–Wisconsin–defi nitely University of 
Wisconsin
 “C.B. Newton–Ohio
 “W.E. Riegel–Illinois
 “An extension program then and now is no better than 
the research program. Illinois was fortunate in this respect. 
Dr. W.L. Burlison, who joined the department in 1912 and 
became head in 1920, was an enthusiast about soybeans. He 
told me once that Dr. C.W. Woodworth was his fi rst major 
appointment. Woodworth developed Illini and Lincoln. At 

one time Lincoln was the most popular variety in the Corn 
Belt.
 “Soybean research dealing with fertility and cultural 
practices such as row width, seeding rate, etc. began soon 
after the turn of the century but really got underway in the 
teens. The fi rst Illinois soybean bulletin was published in 
1928 reporting results of research from 1910 to 1926. This 
research information was the foundation for a good extension 
program.
 “Extension programs were similar yet different. 
As I reported earlier, the fi rst use for soybeans was as a 
high protein (legume hay). In J.C. Hackleman’s annual 
reports soybeans were always included in his section titled 
legumes. While he discussed bean yields he also always said 
something about soybean hay.
 “Inoculation was an important topic. Starting in 1920 
J.C. put out inoculation demonstrations for several years. 
In the circular released in 1928 and later revised in both 
1934 and 1938, the use of soil and muddy water to inoculate 
soybeans was discussed even though commercial inoculants 
were available in 1938.
 “Soybean variety demonstrations were used. J.C. wrote 
in his 1922 report that ‘The effectiveness of demonstrations 
to increase the use of soybeans was even more marked than 
hoped. The acreage increased in the counties where plots 
were located by nearly 5 times.’
 “Also of interest was a separate note attached to a page 
of a 1922 report which said Charles Vulgarnot of Oakley 
furnished the fi rst load of soybeans to A.E. Staley Company 
in Decatur. Staley processed the beans and reported it was 
not successful–they gummed up the machine. The main 
thrust of programs of course was yield of hay or beans. The 
encouragement of processors to process soybeans was also a 
part of the programs.
 “Methods were about the same but differed. During 
the twenties and thirties Hack used project leaders. These 
were men who were interested in corn or soybeans and 
would establish demonstrations on farms and help with fi eld 
meetings. They were given special instruction by Hack and 
others on the staff. Winter meetings and fi eld demonstrations 
were the backbone of the program.
 “Seed quality was mentioned on more than one 
occasion. Hack worked closely with the growers of certifi ed 
seed.
 “Hack mentioned a soybean train [organized by A.E. 
Staley] in one report. I remember Hack and Clyde Lindsay 
talking about the project trains when I fi rst moved to Illinois.
 “Probably the greatest difference between the soybean 
extension program of 50 to 70 years ago was that you had to 
sell soybeans to farmers. Hack, Keller, Dyas, and ‘George 
Soybean Briggs’ were soybean evangelists. They and many 
others like them were directly responsible for the increased 
use of soybeans on corn belt farms.
 “I would say that since the war the extension educational 
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program has not been so much selling the crop as it has been 
to provide farmers with the most recent research information. 
Immediately following World War II there was an infl ux of 
young farmers, fellows my age or younger. Many went to 
college before they started farming. These fellows did not 
have to be sold; they recognized the value of information 
from the college and our main problem has probably been to 
keep them from putting the whole farm in a new variety.
 “When soybeans started their dramatic increase in 
acreage, one of the great changes has been the greater 
cooperation between agronomists and agricultural economics 
men. This has resulted in the systems approach such as the 
economic trade-off of one practice against another: narrow 
rows; how narrow. Perhaps farmers have been reluctant to 
move to solid seeding because it may not be economically 
competitive with 30 inch rows. Corn still sets the style; when 
someone can show an advantage for 15 to 20 inch rows over 
30 inch rows for corn, we will grow soybeans in 15 or 20 
inch rows. Until that time things will stay as they are.
 “I must mention the help of two people who are not 
members of any state extension staff but who have had a 
tremendous infl uence on the acceptance and use of soybeans. 
These are Ward Calland who was the fi rst director of the 
National Soybean Crop Improvement Council and Bob Judd 
who currently holds this position. Both have contributed 
much’ to the development of soybeans in the U.S.” Address: 
Univ. of Illinois.

2181. Deibert, E.J.; Bijeriego, M.; Olson, R.A. 1979. 
Utilization of 15N fertilizer by nodulating and non-nodulating 
soybean isolines. Agronomy Journal 71(5):717-23. Sept/Oct. 
[29 ref]
• Summary: Fertilization of nodulating isolines had no 
signifi cant infl uence on yield of N and oil concentration. 
Fertilizer applied at planting at rates above 45 kg N/ha 
reduced the symbiotically fi xed N fraction, but delayed 
fertilizer application had no such effect at even much higher 
N rates. Address: Nebraska Agric. Exp. Station, Lincoln, NE.

2182. McClure, Peter R.; Israel, D.W. 1979. Transport of 
nitrogen in the xylem of soybean plants. Plant Physiology 
64(3):411-416. Sept. [26 ref]
• Summary: “Experiments were conducted to characterize 
the distribution of N compounds in the xylem sap of 
nodulated and nonnodulated soybean plants through 
development and to determine the effects of exogenous N on 
the distribution of N compounds in the xylem.”
 “The results demonstrate that ureides play a dominant 
role in N transport in nodulated soybeans and that the 
synthesis of ureides is largely dependent upon nodulation 
and N2 fi xation.” Address: Dep. of Soil Science and USDA, 
SEA, ARS, Dep. of Soil Science, North Carolina State 
University, Raleigh, North Carolina 27650.

2183. Suzuki, Takamoto.; Maruyama, Y. 1979. Studies on 
hydrogenases in legume root nodule bacteroids: effect of 
ATP. Agricultural and Biological Chemistry 43(9):1833-39. 
Sept. [18 ref]
• Summary: Two fractions of hydrogenase from nodules 
of soybean and lupin showed differential reaction to 
ATP–one was stimulated, the other either inhibited or not 
affected. Hydrogenase activity was measured by tritium 
uptake. Address: Dep. of Agricultural Chemistry, Faculty of 
Agriculture, The Univ. of Tokyo, Bunkyo-ku, Tokyo, Japan.

2184. Universiti Pertanian Malaysia. 1979. Kekacang di 
tropika: Sebuah bibliografi  [Legumes in the tropics: A 
bibliography]. Serdang, Selangor, Malaysia: UPM. 70 leaves. 
Sept. Author index. 28 cm. [1029 ref. Eng; Mal]
• Summary: Developed in preparation for a symposium on 
Legumes in the Tropics, held 13-17 Nov. 1979 at Fakulti 
Pertanian, Universiti Pertanian Malaysia. The publications 
are arranged according to broad subject headings and within 
each heading listed alphabetically by title. Materials marked 
with an * are available in the university library.
 Contents: Introduction. Bibliographies. Journal 
abbreviations. 1. Botany. 2. Agronomy (Cropping system 
cultivation, rhizobium, seed technology, soil science & 
microbiology). 3. Plant protection (General, diseases, pests). 
4. Food technology (Diets and supplements, nutritive value, 
human instruction, products, method of processing). 5. 
Economic and social aspect (General, marketing trade and 
prices, production, supply and demand). Author indexes.
 Leguminous plants are found throughout the world, but 
the greatest variety grows in the tropics. The main legumes 
covered are soya bean, groundnuts, winged bean, mung bean, 
and long bean. Address: Serdang, Selangar, Malaysia.

2185. Semu, Ernest; Hume, D.J. 1979. Effects of inoculation 
and fertilizer N levels on N2 fi xation and yields of soybeans 
in Ontario. Canadian J. of Plant Science 59(4):1129-37. Oct. 
[20 ref. Eng; fre]
• Summary: “Results indicated that inoculation increased 
seed yields only when soybeans were introduced into new 
areas. Fertilizer N applications at planting time did not 
increase yields in areas where soybeans had been grown 
several times previously, indicating that N, fi xation could 
support maximum yields. Nodule number and mass, and 
N2(C2H2) fi xation rates were all decreased by fertilizer N. 
An increase in nodule effi ciency, later in the season, in high 
N treatments was most marked at Ridgetown.” Address: 
Crop Science Dep., Univ. of Guelph, Guelph, Ontario NlG 
2WI [Canada]; Semu’s present address: Department of 
Soil Science, Univ. of Dar Es Salaam, Box 643, Morogoro, 
Tanzania.

2186. Singh, C.S.; Subba Rao, N.S. 1979. Associative effect 
of Azospirillum brasilense with Rhizobium japonicum on 
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nodulation and yield of soybean (Glycine max). Plant and 
Soil 53(3):387-92. Nov. [7 ref]
• Summary: “Summary: Azospirillum was associated with 
nodules of soybean. In general, seed inoculation with a 
broth culture of Azospirillum brasilense alone signifi cantly 
increased nodulation and grain yield of soybean grown 
in pots in unsterilized soil with different levels of urea 
ranging from 0 to 80 kg N/ha. This trend was signifi cantly 
reproducible in a second experiment when a carrier based 
inoculant of the bacterium was used for seed inoculation.
 “Inoculation with Rhizobium japonicum and A. 
brasilense in combination generally increased grain yield in 
both the experiments, although the data were not signifi cant.” 
Address: Div. of Microbiology, Indian Agricultural Research 
Inst., New Delhi-110012, India.

2187. Maftoun, Manouchehr; Sheibany, Bijan. 1979. 
Comparative phytotoxicity of several nitrifi cation inhibitors 
to soybean plants. J. of Agricultural and Food Chemistry 
27(6):1365-68. Nov/Dec. [30 ref]
• Summary: The language of this paper has deliberately 
been made diffi cult to understand. For example: To “select 
the most suitable nitrifi cation inhibitor, the relative toxicity 
of nitrapyrin..., sulfathiozole, dicyandiamide, and sodium 
diethyldithiocarbamate to soybean seedlings were studied in 
a greenhouse experiment.”
 Note: Research on the web shows, for example, that 
nitrapyrin is a pesticide. The PAN Pesticides database shows: 
(1) Signs and symptoms of poisoning, fi rst aid, and links 
to treatment information for this chemical. (2) Toxicity 
to humans, including carcinogenicity, reproductive and 
developmental toxicity, neurotoxicity, and acute toxicity. (3) 
Water quality standards and physical properties affecting 
water contamination potential. (4) Ecotoxicity: Toxicity to 
aquatic organisms. (5) List of chemicals in the same family, 
including breakdown products, salts, esters, isomers, and 
other derivatives.
 Many of the chemicals in this Iran study restricted 
root growth and suppressed fresh and dry weights of the 
seedlings. Diethyldithiocarbamate did not signifi cantly affect 
growth at any concentration. “Nitrapyrin [see above] further 
curtailed water and nutrient uptake by inducing tumorous 
root growth.” Address: Depts. of Soils and Horticulture, 
College of Agriculture, Shiraz Univ., Shiraz, Iran.

2188. Yamamoto, Hiroki; Tatsuyama, K.; Egawa, H.; 
Sadaoka, N. 1979. Parakooto to no daizu konryû-kin no 
zôshoku to konryû keisei ni oyobosu eikyô [Effects of 
paraquat on the growth of Rhizobium japonicum and root 
nodule formation of soy bean plant]. Shimane Daigaku 
Nogakubu Kenkyu Hokoku (Bulletin of the Faculty of 
Agriculture, Shimane University) No. 13. p. 177-80. Dec. [7 
ref. Jap]
• Summary: Paraquat, an herbicide, clearly inhibits the 

growth of Rhizobium japonicum. Address: Faculty of 
Agriculture, Shimane Univ., Matsue 690, Japan.

2189. Chebotar’, N.I. 1979. [The infl uence of herbicides on 
the interactions between nodule bacteria and soybean plants 
in the northern zone of the Moldavian SSR]. Byulleten’ 
Vsesoyuznogo Nauchno Issledovatel’skogo Instituta 
Sel’skokhozyaistvennoi Mikrobiologii No. 32. p. 99-100. [6 
ref. Rus]*
Address: Moldav. n i Inst. Pol. Kul’tur, Bel’tsy, Moldavian 
SSR.

2190. Fuchsman, W.H.; Appleby, C.A. 1979. Separation 
and determination of the relative concentration of the 
homogeneous components of soybean leghemoglobin by 
isoelectric focusing. Biochimica et Biophysica Acta (BBA) 
579:314-24. *
Address: Div. of Plant Industry, Commonwealth Scientifi c 
and Industrial Research Organization [CSIRO], Canberra, 
Australia.

2191. Roberts, E.H.; Summerfi eld, R.J.; Minchin, F.R.; 
Hadley, P. 1979. The Plant Environment Laboratory, 
Reading, UK. Rhizobium Newsletter (Sydney, Australia) 
24(2):153-55. *

2192. Buzzell, R.I.; Voldeng, H.D.; Bailey, L.D. 1979. 
Growing soybeans. Revised ed. Agriculture Canada, 
Publication No. 1487. 19 p. First published in 1972.
• Summary: Contents: Introduction. Selecting a variety. 
Soybeans in a rotation. Soils and fertilizers. Preparing a 
seedbed: Fall tillage, spring tillage. Planting the crop: Seed 
treatment, inoculation, time, rate, and depth of seeding, row 
width, equipment. Controlling weeds: Cultural methods, 
chemical methods. Diseases: Seed decay, root and stem 
rots, leaf diseases, stem diseases, seed diseases. Insect pests. 
Harvesting. Storage. Producing seed soybeans. Marketing. 
Soybean research by Agriculture Canada. Acknowledgments. 
Address: 1. Research Station, Harrow, Ontario; 2. Research 
Station, Ottawa, Ontario; 3. Research Station, Brandon, 
Manitoba. All: Canada.

2193. Gates, C.T.; Mueller, W.J. 1979. Nodule and plant 
development in the soybean, Glycine max (L.) Merr.: Growth 
response to nitrogen, phosphorus and sulfur. Australian J. of 
Botany 27(3):203-15. [26 ref]
• Summary: Extremes of combinations of the nutrients 
reduced nodulation to almost zero, but well balanced 
combinations favored nodulation from early stages through 
maturity. The best nodulation occurred at high levels of all 
3 nutrients. Levels of sulfur above 10 ppm counteracted the 
limiting effect of ammonium nitrate (NH4NO3) on nodule 
development.
 “Conclusion: When the development of the whole 
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plant was studied through to maturity over a wide range of 
nutrient combinations, we found that in contrast to immature 
plants, sulfur defi ciencies had a marked effect on all plant 
parts, especially on the nodules and the reproductive parts. 
Added sulfur, on the other hand, interacted benefi cially at 
maturity with the favourable effects of phosphorus and the 
negative effects of nitrogen on nodulation. The persistence 
of nodulation and the vigour of the plant was directly 
related to the degree or balance between nutrient levels 
in these interactions. The fruitfulness of the plant shared 
in this response except that added nitrogen did not have a 
negative effect.” Address: 1. Div. of Plant Industry; 2. Div. of 
Mathematics and Statistics. Both: CSIRO, Canberra, A.C.T. 
2601, Australia.

2194. Hawtin, Geoffrey C.; Chancellor, George J. 1979. 
Food legume improvement and development: Proceedings 
of a workshop held at the University of Aleppo, Aleppo, 
Syria, 2-7 May 1978. Ottawa, Canada: International Center 
for Agricultural Research in the Dry Areas: International 
Development Research Centre. 216 p. Illust. No index. 25 
cm. [390* ref]
• Summary: Preface, by Harry S. Darling, Director-General 
ICRDA (International Center for Agricultural Research in 
Dry Areas; Aleppo, Syria). Foreword, Joseph H. Hulse, 
IDRC (International Development Research Center). The 
region of West Asia and North Africa which is ICARDA’s 
primary concern, includes 17 countries. From west to east 
they are: Morocco, Algeria, Tunisia, Libya, Egypt, Sudan, 
Saudi Arabia, Yemen A.R., Jordan, Lebanon, Cyprus, Syria, 
Iraq, Turkey, Iran, Afghanistan, and Pakistan.
 “It is unfortunate that until recently, agricultural and 
food scientists have devoted less attention to legumes than 
to the principal cereal foods. If soybeans are excluded, 
world average yields of the major legumes are of the order 
of 0.5 metric tons per hectare, compared with about 2.8, 2.3, 
and 1.7 metric tons per hectare for maize, rice, and wheat 
respectively” (p. 6).
 “Between 1960 and 1975 there appears to have been a 
stagnation in world pulse production at a level of about 43 
million metric tons per year. This has been largely attributed 
to a shift in consumer demand to other staple foods, such 
as wheat and rice,” which have become relatively less 
expensive in the developing world” (p. 15).
 Grain legumes are one of the most important sources of 
nutrients, and especially of vegetable proteins, for people in 
the Middle East. The food legumes most widely used include 
broad beans–fresh and dry (Vicia faba), chick-peas (Cicer 
arietinum), lentils (Lens escularis), peas (Pisum sativum), 
common beans or haricot beans (Phaseolus vulgaris), and 
lupins (Lupinus spp.) (p. 29). Cowpeas and green gram are 
important in Iraq. The soybean is mentioned as a minor crop 
in India (p. 94), and in a table titled “Estimates of nitrogen 
fi xation by some food legumes” (p. 167). The soybean is not 

an important crop in this dry region.
 At the end is a 14½-page bibliography and a 3-page 
directory of conference participants. Address: 1. Plant 
Breeder–Food Legume Improvement; 2. Assoc. Editor. Both: 
ICARDA, Aleppo, Syria.

2195. International Institute of Tropical Agriculture. 1979. 
Annual report 1978. Ibadan, Nigeria. 130 p.
• Summary: The section titled “Soybean improvement” (p. 
39-44), within the Grain Legume Improvement Program, 
discusses breeding, fi eld trials and yields, role of pathogens 
in seed deterioration, hybridization, and compatibility 
with indigenous rhizobia. “The principal objective of 
IITA’s soybean improvement effort is to develop cultivars 
adapted to lowland African environments. A major goal is 
to combine good seed storability, the ability to fi x nitrogen 
in association with indigenous rhizobia, high yields, and 
resistance to lodging and shattering. Advanced generations of 
crosses made in 1973 and 1974 for yield improvement were 
evaluated.” The three best-yielding varieties in a uniform 
trial at Ibadan during the 1978 wet season were TGx 11-
3E (2968 kg/ha; also low shattering, low lodging, and 101 
days to harvest), Bossier (2814), and TGx 26-23D (2808). 
In Advanced trial 1 at Ibadan during the 1978 wet season, 
Bossier yielded 4,028 kg/ha and M-216 yielded 3,310.
 In the section titled “Symbiotic nitrogen fi xation” 
soybeans are discussed in detail. “Soybean rhizobia 
(Rhizobium japonicum), which effectively nodulate 
soybeans, are few or absent in many African soils.” The 
effectiveness of indigenous rhizobia to nodulate soybeans 
was tested. Address: Ibadan, Nigeria.

2196. Lawn, R.J.; Byth, D.E. 1979. Soybean. In: Alec 
Lazenby and J.V. Lovett, eds. 1979. Australian Field Crops. 
Vol. II. Sydney: Angus and Robertson. 328 p. See p. 198-
231. [152 ref]
• Summary: Contents: Introduction. Uses. Taxonomy, 
origin and distribution. Morphology. Crop growth and 
development: Seedling establishment, vegetative growth and 
development, reproductive growth and development, root 
growth, nodulation and nitrogen fi xation, Eco-physiological 
basis of adaptation: Photoperiod, temperature, soils, water 
requirements. Soybean improvement in Australia: Plant 
introduction, cultivars in Australia, soybean breeding, 
priorities for breeding in Australia. Agronomic principles 
and practice: Planting date, plant population and row width, 
planting, weed control, pests and diseases. Research needs.
 “The potential of the soybean in Australia has been 
recognized for several decades. A Commonwealth mission 
to the U.S.A. in 1946 recommended governmental action to 
assist oilseed crop development in Australia, with particular 
reference to soybeans. A number of short-term soybean 
investigations were initiated, particularly in southern 
Australia, and were largely unsuccessful. Gray (1955) 
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recommended that introduction activity should center on 
regions of lower latitude than those of the existing major 
soybean areas of the world. The fi rst formal breeding 
program was started in 1958 by C.S.I.R.O. in southeastern 
Queensland, although useful selection was practised 
previously by the Queensland Department of Primary 
Industries. Only limited soybean areas existed (500-2000 
ha), until the late 1960s, mainly in the South Burnett region. 
Major expansion began in 1970-71 and has continued so 
that Australian production is approaching local demand 
and exports from Australia are conceivable in the near 
future. Most of the current commercial production occurs in 
Queensland, in the eastern Darling Downs and St. George, 
the Fassifern, Lockyer and Brisbane Valleys, and the South 
Burnett region. The major area of production in New South 
Wales is centered in the Gwydir and Namoi Valleys on 
the north-western plain, with smaller areas in the coastal 
Northern Rivers District, and in the Lachlan and Macquarie 
Valleys of the central west. Irrigated farms account for most 
of the area, particularly in New South Wales. Concentration 
on irrigated production in the major grain-producing areas of 
both States appears likely to continue, although expansion of 
dryland production is occurring in the coastal and sub-coastal 
areas, and in northern Queensland.
 Table 9.1 shows (1) Australian imports of soybean 
cake and meal, non-defatted meal, whole soybeans, oil, 
epoxydized oil, other oil, and total imports yearly from 1967 
to 1974; (2) total hectarage and production in Queensland, 
New South Wales, and total Australia for the same time 
period. About 70-80% of the country’s soybeans are 
produced in Queensland, and the rest in New South Wales.
 Most of the current soybean production in Australia is 
carried out under contract to the major processors, and is 
used primarily for oil and meal production.
 Soybean improvement in Australia has paralleled the 
pattern which occurred earlier in the U.S.: Introduction, 
selection among and within accessions, and hybridization. 
The majority of cultivars in Australia are direct introduction, 
unlike the U.S., where locally improved cultivars are used 
exclusively. The availability of improved cultivars from 
the southern areas of the U.S. was a major factor in the 
substantial expansion of soybean culture commencing in 
1970-71. Regional experimentation has shown that a number 
of these cultivars are capable of high yields in sub-tropical 
Australia. Plant introduction has been active in Australia and 
over 1000 accessions have been obtained since the 1930s.
 The primary objective of soybean breeding in the 
U.S. has been and continues to be the development for 
each region of pure-line cultivars capable of producing 
high harvestable yields of seed with suitable quality 
characteristics (oil and protein percentage and composition). 
A great deal of attention has been given to lodging, shatter 
resistance and seed pigmentation because of their agronomic 
or marketing importance. There is increasing emphasis on 

disease and pest resistance.
 Expansion of soybean production in the immediate 
future will most likely occur primarily in irrigated areas. 
Present production areas are largely between 16ºS and 33ºS, 
and most of the anticipated expansion in the near future is 
expected to occur in this region. Address: CSIRO Div. of 
Tropical Crops and Pastures, Brisbane; Dep. of Agriculture, 
Univ. of Queensland.

2197. National Academy of Sciences, National Research 
Council, Board of Science and Technology for International 
Development, Commission on International Relations, 
Advisory Committee on Technology Innovation. 1979. 
Microbial processes: Promising technologies for developing 
countries. Washington, DC. xii + 198 p. Illust. No index. 23 
cm.
• Summary: Soy-related chapters include: 1. Raw materials 
for microbial processes. In 1977 an estimated 13,842,000 
metric tons of soybeans were grown in developing countries. 
Soybeans were number 15 on a list of 22 major food crops 
grown in developing countries, and accounted for 1.59% 
of the total production. The largest crops produced were 
paddy/rice (21.36% of total), cassava (11.87%), wheat 
(10.90%), maize/corn (8.41%), and banana/plantain (6.33%). 
2. Food and animal feed. Discusses production of meatlike 
fl avors using miso and shoyu, the koji method of producing 
enzymes, and Indonesian tempeh.
 3. Soil microbes in plant health and nutrition. 
“Mycorrhizal fungi: Most plants, both wild and cultivated, 
have roots infected with fungi that increase nutrient and 
water uptake and may also protect the root from certain 
diseases. These infected roots are called mycorrhizae. 
Although the mycorrhizal fungi probably increase uptake of 
all the essential elements, they are usually most important 
in improving phosphorus nutrition. Phosphate is generally 
present in the soil in low concentrations and it is also 
highly immobile. Strands of fungal hyphae grow out from 
mycorrhizae and greatly increase the volume of soil from 
which phosphorus is obtained. So mycorrhizal plants, 
in general, can grow and thrive in soils much lower in 
phosphate and other essential nutrients than a comparable 
nonmycorrhizal plant. Many plants are so dependent 
on mycorrhizal fungi for nutrient uptake that they may 
starve if these fungi are absent. There are a number of 
types of mycorrhizae. The two that occur on the most 
economically important crops, the endomycorrhizae and the 
ectomycorrhizae, are discussed.”
 4. Nitrogen fi xation. “Air is four-fi fths nitrogen, yet it is 
the absence of this particular element that most commonly 
limits food production. Neither man, animals, nor higher 
plants can use elemental nitrogen; it must fi rst be ‘fi xed,’ that 
is, combined with other elements such as hydrogen, carbon, 
or oxygen before it can be assimilated.
 “Certain bacteria and algae have the ability to utilize 
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(fi x) gaseous nitrogen from the air. Some microorganisms 
work symbiotically in nodules on the roots of plants, with the 
plant providing food and energy for the bacteria, which, in 
turn, fi x nitrogen from the air for their host...
 “Bacteria that fi x nitrogen in nodules on the roots of 
leguminous plants are called rhizobia...
 “Leguminous plants have been known for centuries 
to enrich soils, but the reason was not understood until 
1886 when two German scientists, Hellriegel and Wilfarth, 
found that the bacteria in the nodules on the leguminous 
root brought about nitrogen fi xation. Nitrogen-fi xing 
microorganisms fi x an estimated 175 million metric tons 
of nitrogen annually, or about 70% of our total supply. The 
remainder is produced in chemical fertilizer factories.” The 
nitrogen fi xed by the soybean-rhizobium association is about 
60-80 kg/ha/year. 5. Microbial insect control agents. Green 
cloverworm on soybeans can be controlled by Bacillus 
thuringiensis. 10. Pure cultures for microbial processes. 
Discusses world culture collections. Address: Washington, 
DC; Peoria, Illinois.

2198. Ohyama, Takuji; Kumazawa, K. 1979. Assimilation 
and transport of nitrogenous compounds originated from 
15N2 fi xation and 15NO3 absorption. Soil Science and Plant 
Nutrition (Tokyo) 25(1):9-19. [11 ref]
• Summary: “Nodulated leguminous plants utilize both 
combined nitrogen absorbed by roots and gaseous nitrogen 
fi xed by root nodules. In order to elucidate the physiological 
role of N2 fi xation compared with NO3 absorption, the 
assimilation and transport of nitrogenous compounds from 
these nitrogen sources were studied.” Address: Faculty of 
Agriculture, The Univ. of Tokyo, Tokyo, Japan.

2199. Peppler, Henry J.; Perlman, D. eds. 1979. Microbial 
technology. 2nd ed. Vol. 1. Microbial processes. Vol. 2. 
Fermentation technology. New York, NY: Academic Press. 
Vol. 1, 544 p. Vol. 2, 536 p. Subject index.
• Summary: Contents of Vol. 1: 1. Beer brewing. 2. Cheese. 
3. Distilled beverages. 4. Mold modifi ed foods, by Hwa 
L. Wang and C.W. Hesseltine (p. 95-129, cited separately; 
incl. soy sauce, miso, hamanatto, sufu, tempeh). 5. Wine. 6. 
Vinegar. 7. Ketogenic fermentation processes. 8. Mushroom 
fermentation. 9. Inocula for blue-veined cheese and blue 
cheese fl avor. 10. Microorganisms for waste treatment. 11. 
Elementary principles of microbial reaction engineering. 
12. Microbial culture selection. 13. Methods for laboratory 
fermentations. 14. Instrumentation of fermentation systems. 
15. Computer applications in fermentation technology. 16. 
General procedures for isolation of fermentation products. 
17. Use of immobilized cell systems to prepare fi ne 
chemicals. 18. Economics of fermentation processes. 19. 
Fermentation processes and products: Problems in patenting.
 Page 111: “Sufu, a traditional Chinese food, is a soft 
cream cheese-type product made from cubes of soybean 

curd (tofu) by the action of a mold. In the Western world, 
sufu has been referred to either as Chinese cheese or as bean 
cake. Because of the numerous dialects used in China, the 
product is also known as fu-ju, tou-fu-ju, and others (Wang 
and Hesseltine, 1970a).” Address: 1. Universal Foods Corp., 
Milwaukee, Wisconsin; 2. School of Pharmacy, Univ. of 
Wisconsin, Madison.

2200. Pimentel, David; Pimentel, Marcia. 1979. Food, 
energy and society. London: Edward Arnold Publishers Ltd. 
viii + 165 p. Index. 22 cm. [175* ref]
• Summary: This seminal work argues for eating low on 
the food chain and considers how agriculture will change 
at the end of the fossil fuel era. Soybeans (p. 79-81) are 
discussed in Chap. 7, titled “Energy use in grain and 
legume production.” Plant foods provide over 70% of the 
protein consumed by man. Almost half of the plant proteins 
consumed by humans comes from cereal grains while 
legumes account for about 20%.
 “In the United States, soybean yields an average in 
food energy amounting to 7.6 million kcal (kilocalories) per 
hectare (Table 20). With inputs for production of 1.8 million 
kcal/ha, the output/input ratio is 4:1. The two largest inputs 
are for herbicides and seeding the soybeans; the third largest 
input is for manufacturing the machinery. Note that the 
protein yield is high, and also greater than any other legumes 
tabulated.
 “All legume production is unique in that the necessary 
nitrogen input is substantially less than that for most other 
crops. For example, soybeans require only 1/10th that needed 
for corn production... The nitrogen fi xation process carried 
on by the [symbiotic soil] microorganisms uses up about 
5% of the light energy captured by the soybean plants... 
Obviously it is much more economical [and energy effi cient] 
for plants to meet their own nitrogen needs rather than for 
man to make and apply fertilizer. The 100 kg of soybean 
yield that is lost because of the energy directed to nitrogen 
fi xation amounts to about $25 and is much less than the 
$48 cost of the 100 kg/ha nitrogen produced by the plants.” 
Address: Cornell Univ., Ithaca, New York.

2201. Quashie-Sam, Semion James. 1979. Ecological studies 
on Rhizobium japonicum and inoculation of soybeans in the 
soybean growing areas of Ontario. PhD thesis, University 
of Guelph, Canada. Page 5181 in volume 39/11-B of 
Dissertation Abstracts International. *
Address: Univ. of Guelph, Canada.

2202. Rabie, Raafat K.; Arima, Y.; Kumazawa, K. 1979. 
Growth, nodule activity and yield of soybeans as affected by 
the form and application method of combined nitrogen. Soil 
Science and Plant Nutrition (Tokyo) 25(3):417-24. [9 ref]
• Summary: In pot experiments comparing the effects of 
nitrate, ammonium and urea, surface applications had the 
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greatest effect on dry matter accumulation and the least 
depressive effect on nodulation. Nitrate was the most 
depressive form of N on the nodule dry weight, while urea, 
except as a spray, had a promotive effect. Address: Dep. of 
Agricultural Chemistry, Univ. of Tokyo, Tokyo, Japan.

2203. Trikha, R.N.; Nave, R.W. 1979. SPRA’s activities on 
soyabean 1978-79. Bareilly (UP), India: Soya Production 
and Research Assoc. 24 p. Illust. 24 cm.
• Summary: Contents: Introduction & objectives of the 
project. 1. Activities: Soyabean demonstrations (maximum 
production demonstrations, rotational demonstrations, 
implemental demonstrations, varietal trial & demonstrations, 
village saturation programme, commercial production). 
2. Field problems. 3. Extension literature. 4. Soyabean 
technical news letter. 5. Advisory science. 6. Participation in 
conferences. 7. Training meetings & soyabean days. 8. Crop 
competition. 9. Purchase of soyabean. 10. Achievements of 
Soyabean Extension Project (Expanded from 25 hectares in 
1974 to 500 ha in 1979; see Appendix 3). 11. Appendices: 
Annual programme, result of soyabean demonstration, 
rotational demonstration, implemental demonstration 
statistical achievement, varietal demonstration, rainfall, 
statistical achievement, list of staff.
 SPRA, “established in 1972, is the fi rst venture in the 
country to inter-link soyabean research, crop extension, 
product processing, utilization and the marketing of both 
grains and soya food products. The G.B. Pant University 
of Agriculture and Technology, Pantnagar, a partner in 
the Association, has played a major part in research and 
utilization of soyabean and has contributed signifi cantly to 
the work of SPRA.
 “The Soya Production and Research Association has 
been quite conscious of the need for a strong extension 
programme to introduce soyabean successfully in the plains 
of Uttar Pradesh and therefore, launched an ambitious 
project in collaboration with G.B. Pant University of 
Agriculture & Technology, Pantnagar, in 1974 on ‘An 
Intensive Agricultural Extension Programme’ for Production 
of Soyabean in Rohilkhand Division of Uttar Pradesh. Under 
the project farmers interested in cultivation of soyabean 
are provided free technical know-how by the technically 
competent soyabean specialists on deputation from G.B. 
Pant University of Agriculture under the close supervision 
and guidance of these offi cers. Farmers register their names 
with SPRA to follow the prescribed planting and cultivation 
programme and to sell the yield to SPRA on a preannounced 
price which was Rs. 225 per quintal for the 1978 harvest. 
Certifi ed seed, fungicide and Rhizobal culture were provided 
to 279 farmers for 1000 acres at the fi elds to help ensure 
proper emergence and growth of the crop. Needy small 
farmers are provided interest-free loans in the form of inputs 
of seeds, culture, insecticides, etc.
 “The objectives of the Soyabean Extension Project are 

as follows:
 “(i) To encourage and educate farmers for cultivation of 
soyabean in suitable areas.
 “(ii) To help farmers in planning the rotations of crops 
with soyabean.
 “(iii) To help farmers in the project area to market their 
produce.
 “(iv) To educate farmers in uses of soyabean and its 
nutritional value.” (p. 1-2).
 “More than 300 Soyabean demonstrations have 
been undertaken in the project area in the past fi ve years 
[1974-1978]. The results of the demonstrations were quite 
encouraging.” Yields: 91.3% of the soyabean yields in the 
demonstration plots had yields above 1,000 kg/ha and 33.1% 
of the yields were above 2,000 kg/ha. The highest yield was 
3,600 kg and the lowest was 840 kg. Net profi t data indicate 
that yields above 2,000 kg/ha provide a farmer with a very 
satisfactory return on his investment when the price of 
soyabean is Rs. 225.00 per quintal [1 quintal = 100 kg].
 Photos show: (1) Mr. Trikha observing pod formation. 
(2) A weak plant without nodulation. (3) Healthy plant 
with nodulation. (4) Profuse pod formation on a well 
nodulated plant (more than 300 pods per plant). (5) Effect 
of seed treatment fungus control (Upper seeds in petri 
dishes without treatment, lower seeds with). (6) Trial of 
cultures on nodulation problem. (7) Training meeting 
(with many Indians present) on soyabean agro-technology. 
(8) Popularization of soya-based food among children in 
villages. (9) Effect of soya-based protein calorie enriched 
food on baby Reju (before and after photos). (10) A view of 
soyabean plant at harvest. Address: Bareilly, UP, India.

2204. Fehr, Walter R. 1980. Germplasm exchange and 
cooperative research with the People’s Republic of China 
(Continued–Document part II). Soybean News (NSCIC) 
31(2):3-4. Jan.
• Summary: (Continued): “The soybean collection of the 
Liaoning Agricultural Academy was maintained by Chang 
Ren Shuang at the Tieling Agricultural Research Institute, 
Tieling, Liaoning. He indicated that the soybean probably 
originated in Liaoning province because the wild soybean 
grows everywhere and the stages of evolution are apparent. 
There were 823 accessions collected in the province 
during 1956 and 575 are still available. They also have 209 
accessions from other parts of China and 178 from foreign 
countries, of which 42 are from the US, 31 from Japan, 
and the others from Korea or European countries. Soybean 
mosaic virus is their most important disease. Most of their 
widely grown cultivars in the Tieling area mature later than 
Amsoy and earlier than Wayne.
 “The soybean collection at the Shandong Agricultural 
Academy, Jinan, Shandong, is maintained by Li Tsi Shing. 
There were 2,930 accessions after collections were made 
in 1956 and 1957. After removal of duplications, the 
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number was reduced to the current group of 567 entries. 
The collection is highly variable for growth type and pest 
resistance because of the variable growing conditions in 
the province. Two accessions of Glycine soja were in the 
germplasm nursery.
 “The widely grown cultivars were from about late group 
IV to early group VI. Resistance to viruses was a major 
concern in the breeding programs in the province. Seed 
of their soybean collection is stored in northern provinces 
where the air is cooler and drier and viability is maintained 
for longer periods of time than in Shandong province.
 “The soybean collection for Henan province is 
maintained by Hsie Ying Li at the Henan Agricultural 
Academy, Zhengzhou, Henan. The number of accessions 
was not indicated, however, many of the accessions from 
the collection of 1956 are still available and a recollection 
is planned for the winter of 1979-1980. Seed is stored in 
heavily insulated rooms and can be maintained for about 
three years. Maturity group III seemed most appropriate 
for the practice of double cropping soybeans after wheat, a 
common practice in the province. Virus resistance is given 
highest priority in developing new cultivars.
 “The soybean collection for Shanxi province is 
maintained by Tai Yong Min at the Shanxi Agriculture 
and Forestry Academy, Wu Kong, Shanxi. A group of 
75 accessions are being grown for the fi rst time in 1979. 
Collection of native varieties in the province is just 
beginning. The accessions ranged from black seeded 
indeterminate types collected in the dry infertile areas of the 
north to determinate and semi-determinate types collected 
from fertile areas in the southern part of the province. 
Maturity groups V and VI seemed most appropriate for the 
Wu Kong area. There were no serious pest problems in the 
area.
 “The US Germplasm Team was permitted to sample 
soybean nodules from each province visited. This was 
the fi rst collection of Rhizobium japonicum made by US 
scientists in the PRC. The samples will be evaluated for 
similarity to US strains and effi ciency of nitrogen fi xation. 
In addition to their scientifi c value, they represent the 
opportunity for cooperative research between the US and 
PRC in studies of symbiotic nitrogen fi xation.
 “What happens next? A proposal for a scientifi c 
exchange on soybeans in 1980 has been submitted to the 
US government for consideration in upcoming meetings 
with the PRC in January, 1980. The four recommended 
areas of emphasis would be cyst nematode, viruses, 
symbiotic nitrogen fi xation, and germplasm maintenance and 
utilization. The purpose of the exchange would be to arrange 
for cooperative research between the two countries.
 “An initial exchange of germplasm of G. max will be 
attempted during the winter of 1979-8O. Contacts made 
with the PRC will be pursued in an effort to begin an orderly 
exchange between the two countries. Cooperative research 

on wild species, such as Glycine soja, probably will not 
occur until the PRC has had suffi cient time to collect and 
evaluate the material. The US Germplasm Team made it 
clear that US scientists are ready to assist in collection or 
evaluation of the wild species.
 “I have made no attempt in this report to present 
detailed information received on crops other than soybeans, 
production practices for soybeans, and the nature of the 
institutions visited. Such information has been prepared and I 
will be pleased to share a copy with you upon request.
 “The US Germplasm Team was treated with every 
possible courtesy by their hosts in the PRC. The itinerary 
provided us a good opportunity to see the institutions and 
persons involved with plant germplasm. Our discussions 
were lively, and we were provided with the information we 
requested. Such excellent cooperation speaks well for future 
scientifi c activities between the two countries.”
 A small portrait photo shows Walter Fehr.
 Note: Again no mention is made of the decades of 
soybean varietal improvement work done by Japanese 
scientists in southern Manchuria from about 1910 to 1942. 
What happened to these improved varieties? Address: Dep. 
of Agronomy, Iowa State Univ., Ames, Iowa 50011.

2205. Worker, G.F., Jr. 1980. Soybean inoculation rate 
and depth of application study at the Imperial Valley Field 
Station in 1979. Agronomy Progress Report, Agricultural 
Experiment Station, University. of Calif, Davis No. 106. Feb. 
1. 2 p.
• Summary: “The soybean trials grown the last two years 
at the Imperial Valley Field Station had the recommended 
application rate of 10 pounds per acre of implant (Nitragin) 
applied with the seed at planting time. The results were 
varied due to equipment problems, human error, and just 
a lack of nodule formation with an excellent application. 
The soybeans had few to many nodules, varying from plant 
to plant, and ranging in size from very small to large, with 
excellent green color throughout the growing season. The 
foliage appearance indicated that the plants had suffi cient 
nitrogen for maximum production. Color may not be a good 
indicator, and the plants may actually be short of nitrogen, 
especially during the bean-fi lling stage. Considerable 
nitrogen is used by the variety Rillito, a tall, heavy foliage 
plant, before fl owering and pod set starts.” Address: 
Specialist in Agronomy, University of California, Imperial 
Valley Field Station, El Centro, CA 92243.

2206. Worker, George F., Jr. 1980. Soybean performance trial 
at Imperial Valley Field Station in 1979. Agronomy Progress 
Report, Agricultural Experiment Station, University. of Calif, 
Davis No. 105. Feb. 1. 5 p.
• Summary: “Soybeans were grown in the Imperial Valley 
as an experimental crop in the late 1950s and early 60s. The 
fi rst commercial soybeans were planted in 1954 when 643 
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net acres were harvested of a shatter-resistant soybean with 
production ranging from 186 pounds (3.1 bu.) per acre on 50 
acres to 1,404 pounds (23.4 bu.) per acre on 40 acres.
 “In 1979 the commercial soybean acreage was estimated 
at 7,000 acres as a second crop following wheat and barley. 
Production ranged from 600 pounds (10 bu) to 2,940 pounds 
(49 bu) per acre. These plantings were due to the release of 
a better adapted variety (Rillito), as a double crop, and an 
excellent price. If soybeans are to become successful, it will 
be as a double crop with minimum production costs.
 “Soil and salinity, land preparation, planting (method, 
row spacing, date, depth, and rate), inoculation, fertilization, 
irrigation, pests, shattering, and harvesting are covered in 
Agronomy Progress Report No. 97, February 1, 1979.”
 Table 3 gives “Yield and other harvest agronomic data 
from soybean variety trial in 1979 at the Imperial Valley 
Field Station.” Rillito had the highest yield at 2676 lbs/
acre. Address: Specialist in Agronomy, Univ. of California, 
Imperial Valley Field Station, El Centro, CA 92243.

2207. Ganry, F.; Wey, J. 1980. Action de l’inoculation et de 
la fumure azotée sur le rendement et al fi xation symbiotique 
du soja [Effect of inoculation and nitrogen fertilizer on the 
yield and the symbiotic nitrogen fi xation in soybeans]. In: 
Réunion AIEA, Vienna, Austria, 18-24 Feb. 1980. [Fre]*

2208. Shantharam, S.; Gow, J.A.; Bal, A.K. 1980. 
Fractionation and characterization of two morphologically 
distant types of cells in Rhizobium japonicum broth culture. 
Canadian J. of Microbiology 26(2):107-114. Feb. [37 ref. 
Eng; fre]
• Summary: “Differential centrifugation of stationary 
phase broth culture of Rhizobium japonicum yielded two 
distinct types of morphological types of bacterial cells, 
rods, and small coccoid forms with capsulated and non-
capsulated cells in each group... Both fractions were capable 
of nodule formation in the soybean.” Address: Dep. of 
Biology, Memorial Univ. of Newfoundland, St. John’s, 
Newfoundland, Canada A1B 3X9.

2209. Glazer, Howard. 1980. Beans become area’s largest 
crop. Daily Leader (Stuttgart, Arkansas). May. p. 2E. 
Stuttgart Centennial Edition.
• Summary: “From its late-1920s beginning as a ‘second 
crop’ planted to prevent land from being exhausted by rice, 
the soybean has developed into Arkansas’ most prolifi c crop, 
and Grand Prairie farmers and agribusiness leaders are just 
beginning to explore its vast potential.”
 A history of the soybean is given. It fi rst arrived in the 
USA in 1804, and in Arkansas in 1924. Today the USA is 
the world’s largest soybean producing country, ahead of the 
soybean’s homeland–China.
 “Starts with ten bushels: Jacob Hartz Sr. and A.R. 
Thorell, partners in an International Harvester dealership 

in Stuttgart, brought the soybean to Arkansas in 1924 after 
seeing area farmers suffer from decreasing rice yield the 
previous few years.” Rice depletes the soil of nitrogen, but 
soybeans enrich the soil with nitrogen. According to Marion 
Hartz, son of Jacob Hartz Sr., his father and A.R. Thorell 
bought ten bushels of Laredo soybeans from a producer 
in Illinois. The Laredo variety was used chiefl y for the 
production of hay. “Those fi rst beans were given in amounts 
of one-half and one bushel to various farmers around the 
area for use on land which had been in rice for a number 
of years,” according to Marion. “Some of it was allowed 
to grow to maturity, some was cut for hay, and some was 
plowed under for use as a green manure crop. The following 
year, they saw defi nite yield increases in their rice.” 
Thereafter Hartz and Thorell became soybean evangelists. 
Jacob Hartz (who had only a 6th grade education) worked 
closely with Heartsill Banks–who worked at the rice station 
and had a college degree from the University of Arkansas. 
Both were good public speakers and easy to meet and talk 
with. They traveled 30-50 miles in all directions. “Dad would 
talk about the practical aspects while Mr. Banks would 
discuss the technical side. People called them the ‘Soybean 
Twins.’”
 Hartz and Thorell, recognizing at an early date the 
potential of soybeans, custom-combined the crop for local 
farmers in return for a cash fee, and arranged space for 
storage bins in what is now the A.R. Thorell Supply Co. 
building on second and college streets. Shortly afterward, 
they bought a small cleaner. The beans were scooped off the 
trucks by hand.
 By the early 1930s, Hartz-Thorell Supply Co. had 
become so involved in the soybean business that a new 
building was needed. In 1932 or 1933 the company rented a 
two-story building on the corner of First and College; it had 
a small elevator in back which could carry a small truck. The 
partners transferred their soybean growing operations to the 
new facility.
 In 1935 the partners realized that even their two-year-
old facility was no longer adequate for what had become 
the Seed Department of the Hartz-Thorell Supply Co., so a 
seed cleaning and processing plant was constructed on East 
Cleveland St., south of an existing rice mill and east of what 
is now Riceland Foods parboil plant. The contractor for this 
plant, which had a storage capacity of 50,000 bushels, was 
J.B. Barnett, who used material from dismantled sawmills 
in southwest Arkansas as his primary construction material. 
The plant was constructed as a grain-elevator type of 
operation, with refi nements for seed processing and a very 
large seed cleaning capacity for those days. It soon became 
widely known and, at 102 feet tall, was the tallest building in 
Stuttgart.
 The soybean really started to take off during World 
War II. Now Hartz traveled and worked to educate southern 
cottonseed crushers in western Tennessee and eastern 
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Arkansas that the soybean was a good alternative. After a 
slow start, the new campaign met with success.
 In 1942 Hartz and Thorell divided their history-making 
company, Thorell keeping the equipment business while 
Hartz took the seed division. Today both companies continue 
to prosper, with the Hartz Seed Co. now one of the leaders in 
American seed research.
 Riceland Foods entered the soybean picture in the 
1950s, building crushing facilities at Stuttgart and throughout 
eastern Arkansas, including plants at Helena and Jonesboro–
which have helped bring an end to the reign of “King 
Cotton.”
 A large photo shows tractors pulling combines across a 
soybean fi eld in 1936 or 1937.

2210. Barham, Harold N., Jr.; Barham, Harold N. 1980. 
Method for the adsorption of solids by whole seeds. U.S. 
Patent 4,208,433. June 17. 14 p. Application fi led 19 May 
1978. [5 ref]
• Summary: The authors may be associated with Seed 
Technology Inc., Texas. The patent is licensed to Industrial 
Fumigant Co. “A method for sorption of solids by the tissues 
of whole seeds to enhance the available nutritional value 
of the whole seeds, to provide nutritional requirements for 
a ruminant feed, to provide new superimposed processes, 
to make more effective present superimposed processes, 
to provide inoculation with viable organisms, to provide 
means to reduce explosion hazards from grain dust, and 
other advantages accruing from encapsulation of solids, 
the method comprising contacting the whole seeds with 
a synergetic mixture of solid materials and an oleaginous 
vehicle and maintaining contact until the synergetic mixture 
has been sorbed by the grain.”
 Note: This is the earliest patent seen (Oct. 2017) that 
discusses the use of soybean oil as a dust suppressant. 
Address: 3025 46th St., Lubbock, Texas 79413.

2211. Bose, John, II. comp. 1980. The legume / rhizobium 
symbiosis in tropical agriculture: A bibliographic update. 
College of Tropical Agriculture & Human Resources (Univ. 
of Hawaii), Miscellaneous Publication No. 161. 223 p. June. 
[697 ref]
• Summary: This smaller update, whose cover and pages 
look very much like the 1978 original, is “Compiled for 
the NifTAL Project, Paia, Maui, Hawaii.” This work was 
supported by the United States Agency for International 
Development (USAID). The index, under Glycine max, lists 
75 references relating to soybeans.
 “Abstract: A subject arranged, annotated list of 
697 documents in the University of Hawaii NifTAL 
Project collection. This bibliography updates a similar 
listing published in 1978, with some changes in subject 
designations to refl ect new areas of emphasis in research. All 
authors and key words from titles and annotations have been 

indexed, with a cross-reference guide to indicate the subject 
assignment of each citation.
 “Preface: The listings in this bibliography have 
originated from several sources, including: computer search 
of magnetic tapes from the National Agricultural Library 
(CAIN), to October, 1978; Current Contents listings; 
Automated Science Citation Alert (ASCA) service, based on 
the computerized listings in Current Contents; and from staff 
requests, reference lists accompanying published papers, and 
the much appreciated receipt of reprint copies from authors.” 
Address: NifTAL Project, Paia, Maui, Hawaii.

2212. Nangju, D. 1980. Soybean response to indigenous 
Rhizobia as infl uenced by cultivar origin. Agronomy Journal 
72(3):403-06. May/June. [17 ref]
• Summary: “Many investigators believe that when grown 
for the fi rst time, the soybean nodulates poorly unless 
inoculated with Rhizobium japonicum. However, in Nigeria 
the cultivar ‘Malayan,’ which originated from Indonesia, has 
nodulated quite well with indigenous strains of Rhizobium. 
We chose cultivars originating from Southeast Asia and 
from the USA and compared parameters associated with 
effective nodulation when these cultivars were grown with 
and without inoculation with Rhizobium japonicum.” U.S.-
bred soybean cultivars respond strongly to inoculation when 
grown in west Africa.
 In short, Asian varieties nodulated well in the fi eld 
in Nigeria, whereas American varieties formed very few 
nodules. Address: IITA, PMB 5320, Ibadan, Nigeria. 
Currently agronomist, Asian Development Bank, P.O. Box 
789, Manila, Philippines.

2213. Bromfi eld, E.S.P.; Roughley, R.J. 1980. 
Characterization of rhizobia isolated from nodules on 
locally-adapted Glycine max. grown in Nigeria. Annals of 
Applied Biology 95(2):185-190. July. [14 ref]
• Summary: “Strains of Rhizobium spp. (cowpea miscellany) 
and R. japonicum are characterised by their symbiotic 
performance on two hosts, Vigna unguiculata cv. Ife Brown 
and Glycine max cv. Bossier. The results indicate that isolates 
from G. max cv. Malayan, a promiscuously nodulating 
cultivar adapted to Nigerian conditions, form a group 
intermediate between R. japonicum and R. spp. but are more 
closely related to the latter.” Address: Soil Microbiology 
Dep., Rothamsted Experimental Station, Harpenden, 
Hertfordshire AL5 2JQ [England].

2214. Thomas, George V.; Khurana, A.S. 1980. Rhizosphere 
fungal and actinomycetal fl ora of soybean. Indian J. of 
Ecology 7(2):281-87. July. [15 ref]
• Summary: Discusses the Azotobacter-Rhizobium 
antagonism in two soybean varieties: Bragg, and Punjab. 
Actinomycetes were stimulated more in the rhizosphere 
of both varieties than fungi. Aspergillus was the dominant 
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fungal species in the rhizosphere and non-rhizosphere soils. 
Among the actinomycetes, Nocardia were more abundant in 
the rhizosphere, whereas Streptomyces were more abundant 
in the non-rhizosphere soils. Rhizospheres of both varieties 
harboured more actinomycetes antagonistic to Azotobacter 
and Rhizobium than the non-rhizosphere soils. Address: Dep. 
of Microbiology, Punjab Agricultural Univ., Ludhiana, India.

2215. Vargas, Milton Alexandre T.; Suhet, Allert R. 1980. 
Efeito de tipos e níveis de inoculantes na soja cultivada em 
um solo de cerrado. [Effect of kinds and levels of inoculants 
on soybean cultivated in a soil of the Brazilian cerrado]. 
Pesquisa Agropecuaria Brasileira, Serie Agronomia 
15(3):343-47. July [13 ref. Por; eng]
• Summary: “Abstract: A fi eld experiment was carried 
out with soybean (Glycine max (L.) Merrill) variety IAC-
2, in order to study the effect of inoculant levels and four 
inoculants, two of them commercial and the others prepared 
in the laboratory. One of the commercial inoculants was 
recommended for the variety IAC-2, and the other one was 
a general non-specifi c inoculant for the remaining soybean 
varieties. The two laboratory-prepared inoculants were pure 
strains of 29 W and 965. Two treatments of 400 kg/ha of N 
divided into fi ve side-dressing applications were included. 
One of those treatments received foliar applications of urea 
(46 kg/ha of N). The best inoculant treatment was the one 
prepared in the laboratory with the strain 29 W, followed 
by the commercial inoculant for the variety IAC-2. Levels 
of the latter inoculant had a signifi cant effect on nodulation 
and nitrogenase activity but only a small effect on total N 
and grain yield. The foliar N application increased slightly 
the percentage of N in the seeds, but had no effect on grain 
yield. Apparently, the variety IAC-2 tends to require specifi c 
Rhizobium strains and the strains and inoculants tested did 
not allow maximum expression of yield potential.” Address: 
Eng. Agr., M.Sc., Centro de Pesquisa Agropecuaria dos 
Cerrados (CPAC), EMBRAPA, Caixa Postal 70.0023, CEP 
73.300–Planaltina, DF [Brazil].

2216. Bal, Arya K.; Shantharam, S.; Verma, D.P.S. 1980. 
Changes in the outer cell wall of Rhizobium during 
development of root nodule symbiosis in soybean. Canadian 
J. of Microbiology 26(9):1096-1103. Sept. [31 ref. Eng; fre]
• Summary: The “Rhizobium cell-wall membrane undergoes 
signifi cant changes during establishment of the root nodule 
symbiosis.” Address: 1-2. Dep. of Biology, Memorial Univ. 
of Newfoundland, St. John’s, Newfoundland, Canada A1B 
3X9; 3. Dep. of Biology, McGill Univ., Montreal, P.Q., 
Canada.

2217. Asimi, S.; Gianinazzi-Pearson, V.; Gianinazzi, S. 1980. 
Infl uence of increasing soil phosphorus levels on interactions 
between vesicular-arbuscular mycorrhizae and Rhizobium in 
soybeans. Canadian J. of Botany 58(20):2200-05. Oct. 15. 

[29 ref. Eng; fre]
• Summary: In nodulated soybeans growing in sterile 
unamended soil, growth and yield increases were obtained by 
inoculation with the vesicular-arbuscular (VA) mycorrhizal 
fungus Glomus mosseae. These were accompanied by 
improved phosphorus uptake (phosphorus is probably the 
most important nutrient for growth and effective nodulation 
of legumes), lower root to shoot ratios, better nodulation 
with higher nitrogenase activity, and changes in the pattern 
of the latter during plant growth. Phosphate fertilization 
increased yield and phosphorus content, but “higher levels 
of phosphate fertilization considerably diminished infection 
and, in particular, fungal spread within the roots.” Address: 
Station d’Amélioration des Plantes, Institut National de la 
Recherche Agronomique [INRA], BV 1540, 21034 Dijon, 
France.

2218. Mareckova, H.; Sykora, J. 1980. Vliv mineralniho a 
symbioticky fi xovaneho dusiku na vyzivu soje [The effect 
of mineral and symbiotically fi xed nitrogen on soyabean 
nutrition]. Rostlinna Vyroba (Plant Production) 26(10):1091-
96. Oct. [13 ref. Cze; rus; eng; ger]
• Summary: “Pot trials were conducted to study the 
interactions between the mineral nitrogen (rates of 0, 60 
and 120 kg N per ha) and the symbiotically fi xed nitrogen 
in soybean. Inoculation with effective Rhizobium strains 
resulted in a signifi cant reduction in the number of nodules 
when the dose of 120 N was applied. Dry matter content 
was signifi cantly decreased after the application of 60 kg 
N per ha. In the yield of grain, content of nitrogen and 
amino acids, very high differences existed between all the 
inoculated variants, as compared with the uninoculated 
variants. The symbiosis with the effective strains manifested 
itself favourably at all application rates of mineral N, 
improving not only the yield of soybeans but also very 
signifi cantly increasing the over-all proportion of amino 
acids in the seeds. Without nodulation, the plants failed 
to give the same yield as those utilizing both sources of 
nitrogen, however high the fertilization rate might be (120 
kg N per ha).” Address: Research Inst. of Crop Production, 
Prague (Vyzkummy ustav rostlinne vyroby, 161 06 Prague 6 
Ruzyne, Czechoslovakia).

2219. Bello, A.B.; Ceron-Diaz, W.A.; Nickell, C.D.; El 
Sherif, E.O.; Davis, L.C. 1980. Infl uence of cultivar, between 
row spacing and plant population on fi xation of soybeans. 
Crop Science 20(6):751-55. Nov/Dec. [24 ref]
• Summary: “Studies comparing yields of soybeans planted 
at various row widths and plant populations have shown 
increased yields if between-row spacings are reduced (4, 5, 
14 and references cited therein). Different cultivars respond 
differently to row spacing and population pressure (3, 
14); some show positive and others negative responses to 
increased population and/or decreased row width.” Address: 
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Kansas Agric. Exp. Station, Manhattan, Kansas.

2220. Devine, T.E.; Breithaupt, B.H. 1980. Effect of the 
ethoxy analog of rhizobitoxine on nodulation of soybeans. 
Crop Science 20(6):819-21. Nov/Dec. [15 ref]
• Summary: “A common property of Rhizobium japonicum 
strains that are able to nodulate the nodulation restrictive 
soybean... genotype rj1 rj1 is the ability to produce 
rhizobitoxine (2-amino-3-hydroxypropoxyvinylglycine).” 
Address: Research geneticist and plant physiologist (support 
scientist), respectively, Cell Culture and Nitrogen Fixation 
Laboratory, Beltsville, Maryland 20705.

2221. Sistachs, E.; Frias, R. 1980. Studies of initial 
nodulation in Glycine wightii. I. Effects of the bacterial 
strains. Cuban J. of Agricultural Science (Cuba) 14(3):321-
26. Nov. [13 ref. Eng; rus]
• Summary:  Soy is not mentioned. Address: Instituto de 
Ciencia Animal, San Jose de las Lajas, Havana, Cuba.

2222. Fernando, L.H. 1980. Cereals and pulses as sources 
of food. Alafua Agricultural Bulletin (Apia, Western Samoa) 
5(4):12-14. Oct/Dec. [3 ref]
• Summary: “In terms of edible dry weight more than two-
thirds of the world’s nutritional requirements of human food 
is supplied by the cereals. Of the proteins supplied, half 
is contributed by the cereals, as compared with less than 
one-third from animal sources. The rest of the proteins for 
humans is derived largely from pulses.
 “Cereals and pulses are therefore important in human 
nutrition. For this reason their possible value supplementing 
root crops in the South Pacifi c is worthy of consideration. 
At the outset, however, I should acknowledge traditional 
attitudes to cereals and pulses in this region and possible 
causes underlaying apparent indifference to these foods in 
countries other than Fiji... Pulses such as soyabean, peanut, 
pigeon pea, cowpea and winged bean are promising, except 
that crops such as peanut are eaten by rodents before harvest. 
The pulses will supply much needed protein, cheaper 
than from animal sources.” The author then discusses 
three cereals (maize, sorghum, and rice) and four pulses 
(soyabean, peanut, winged bean, and cowpea).
 Concerning the soyabean: It “is the most important 
of the pulses, followed by the peanut... There is a range of 
soyabean varieties and some of these are well adapted to 
tropical conditions. A few varieties have been grown very 
successfully at the University of the South Pacifi c School 
of Agriculture at Alafua in 1979 and experiments are being 
continued. The crop takes three months from sowing to 
harvest, the plant sheds its leaves, and the stem with the pods 
can be uprooted. Cultivation is easy, and like other legumes, 
nitrogen-fi xing bacteria of the Rhizobium type that are found 
in the root nodules are able to fi x atmospheric nitrogen, thus 
saving expenditure that would otherwise be necessary for 

nitrogenous fertilizer. Soyabean is now the most important 
source of vegetable oil; soyabean milk is a substitute for 
cows milk, particularly where cattle rearing is not a practice. 
After extraction of oil, the residual cake is a high-protein 
food or feed.” Also discusses: Peanut, winged bean, and 
cowpea.
 Note: This is the earliest document seen (March 2010) 
concerning soybeans in Samoa (formerly Western Samoa), 
or the cultivation of soybeans in Samoa. This document 
contains the earliest date seen for soybeans in Samoa (April 
1979), or the cultivation of soybeans in Samoa (1979, 
probably in about April). The source of these soybeans was 
Sri Lanka. In April 1979 L.H. Fernando brought 3 varieties 
of soyabeans (Bragg, PB1, and Improved Pelican) from Sri 
Lanka to Western Samoa. Address: Head, Crop Production 
Dep., USP [Univ. of the South Pacifi c] School of Agriculture, 
Box 890, Apia, Western Samoa.

2223. Wey, J. 1980. Premiers résultats concernant 
l’inoculation du soja au Sénégal [First results concerning the 
inoculation of the soybean in Senegal]. In: T. Rosswall and 
N.O. Adedipe, eds. 1980. Nitrogen Cycling in West African 
Ecosystems. Proceedings of a Workshop, Ibadan, Nigeria, 
Dec. 11-15, 1978. Ibadan, Nigeria: University of Ibadan 
Press. 450 p. See p. 209-14. [Fre]*

2224. Ajam, K.A.; Damirgi, S.M. 1980. Nodulation, nitrogen 
fi xation and yield of soybean as infl uenced by different 
inocula applied at various planting depths (Abstract). In: F.T. 
Corbin, ed. 1980. World Soybean Research Conference II: 
Abstracts. 124 p. See p. 70. [Eng]
• Summary: “High temperatures (35ºC) at soybean 
planting time (May 15 to June 15) in central Iraq are one 
of the outstanding features which limit the viability and 
effectiveness of Rhizobium japonicum strains applied to soils 
as inoculum.
 “To evaluate and minimize the adverse soil temperature 
effect on soybean nodulation, N-fi xation and yield, fi ve 
different kinds of inocula were used under fi eld conditions:” 
For all inocula, the largest number of nodules were found 
when they were placed at 10 cm depth. At this depth, the 
largest number of nodules (on variety Lee) was obtained with 
liquid inoculum. Address: Dep. of Soil Science, Baghdad 
Univ., Baghdad, Iraq.

2225. Burns, T.A., Jr.; Israel, D.W.; Bishop, P.E. 1980. 
Enhanced nodulation in Glycine max by mixed cultures of 
Azotobacter vinelandii and Rhizobium japonicum (Abstract). 
Abstracts of the Annual Meeting of the American Society for 
Microbiology p. 155, Abst. No. K 173. Meeting held May 
11-16, 1980 at Miami Beach, Florida.
• Summary: Under greenhouse conditions inoculation of 
soybean with this mixed culture gave a signifi cant increase in 
nodulation over the control. The results seem to indicate that 
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a chemical produced by Azotobacter is responsible for the 
enhanced nodulation.
 Note: This is the society’s 80th annual meeting. Address: 
USDA, ARS, RRC, Athens, Georgia.

2226. Burton, J.C. 1980. Rhizobium inoculation and soybean 
production. In: F.T. Corbin, ed. 1980. World Soybean 
Research Conference II: Proceedings. Boulder, Colorado: 
Westview Press. xv + 897 p. See p. 89-100. [24 ref]
• Summary: Contents: Introduction. Research objectives: 
Response of new cultivars to various strains of rhizobia, 
developing more effective strains of rhizobia, changing 
the susceptibility of the host plant to infection. Improved 
delivery systems. Compatibility of R. japonicum with 
pesticides. Rhizobia compatibility with systemic insecticides. 
Summary and outlook. Address: Research Dep., The Nitragin 
Co., Inc., Milwaukee, Wisconsin.

2227. Corbin, Frederick T. ed. 1980. World Soybean 
Research Conference II: Proceedings. Boulder, Colorado: 
Westview Press. xv + 897 p. Held at North Carolina State 
Univ., 26-29 March 1979. Author index. 24 cm. [1500+ ref]
• Summary: The book contains the following major 
divisions: Foreword. Preface. Keynote addresses. Mineral 
nutrition (3 papers). Nitrogen fi xation (3). Physiology 
(6). Breeding (8). Entomology (8). Plant pathology 
(2). Weed control (3). Production (4). Engineering (6). 
Modeling soybean systems (6). Research techniques (2). 
Utilization–oils (4). Utilization–protein (5). Protein and oil 
(3). Agribusiness (4). Marketing, transport and storage (6 
papers). Address: Prof. of Crop Science; North Carolina 
State Univ., Raleigh.

2228. Corbin, Frederick T. ed. 1980. World Soybean 
Research Conference II: Abstracts. Boulder, Colorado: 
Westview Press. 124 p. Conference held 26-29 March 1979 
at North Carolina State Univ. Author index. 24 cm.
• Summary: The World Soybean Research Conference II 
was held on 26-29 March 1979 at North Carolina State 
University. This volume contains summaries of the more 
than 200 papers, both invited and contributed, presented at 
that meeting. The full proceedings contains 74 of the invited 
papers in full.
 Contents: Keynote addresses. Mineral nutrition. 
Engineering. Nitrogen fi xation. Entomology. Utilization. 
Breeding. Physiology. Production. Protein and oil. 
Plant pathology. Modeling soybean systems. Regional. 
Agribusiness. Marketing, transport and storage. Weed 
control. Research techniques. Addendum.
 Note: We fi nd this book of abstracts impossible to use. 
We are looking for an abstract by E.L. Pulver, whose name 
is listed in the Author Index. We are told that this abstract 
appears at “Mon. 1615-1630 in Program 4, Abstract 15.” In 
neither of the two volumes (Proceedings and Abstracts) is 

there any reference to date or time. Which volume are we 
supposed to look in? Presumably “Abstracts” so we looked 
manually and never could fi nd the abstract by Pulver. There 
are no instructions for how to use this unusual Author Index. 
Address: Prof. of Crop Science; North Carolina State Univ., 
Raleigh.

2229. Daminov, Kh.; Ermatova, D. 1980. [Our experience 
of soyabean cultivation]. Kormoproizvodstvo No. 6. p. 22. 
[Rus]*
• Summary: In trials conducted during 1978 and 1979 
under the dry and hot climatic conditions of Uzbekistan, 
three fertilizers (NPK) were applied to 3 soybean cultivars 
grown in loamy serozem soils: 60 kg of nitrogen, plus 40 
kg of phosphoric anhydride, plus 45 kg of potash. These 
fertilizers increased the average seed yield by 520-620 kg/
ha from 2.2-2.5 tonnes/ha without NPK. Seed inoculation, 
fertilizers, and especially both gave increased nodulation and 
seed protein contents. Address: Sovkhoz ‘50 Let UzSSR’ 
Kashkadar’inskoi Oblasti, Uzbek SSR.

2230. Fiji Ministry of Agriculture & Fisheries, Annual 
Report. 1980. Dry zone. For the year 1978. p. 30. Parliament 
of Fiji. Parliamentary Paper No. 18 of 1980.
• Summary: In Part II, Work of the Ministry, in the section 
titled “Research Division,” is a subsection titled “Dry Zone” 
(p. 30) which discusses numerous crops and contains one 
paragraph on soybeans: “An Intsoy trial comparing 15 new 
lines of soyabean gave good results. The nodulation was 
excellent despite the poor fertility of the soil.” Address: Fiji.

2231. Ham, G.E. 1980. Interactions of Glycine max and 
Rhizobium japonicum. In: R.J. Summerfi eld and A.H. 
Bunting, eds. 1980. Advances in Legume Science. Royal 
Botanic Gardens, Kew, Richmond, Surrey, England. xvi + 
668 p. See p. 289-96. [27 ref]
• Summary: “Abstract. The compatibility between host 
plants and R. japonicum strains must be considered in 
soyabean breeding and variety testing programmes and 
when introducing R. japonicum strains into new areas. 
With soyabeans the aim is not only to produce large 
yields but also to maximise protein content. This requires 
simultaneous selection of the most effective N2-fi xing strains 
of R. japonicum and host genotypes with improved yield 
potential.”
 The presence of nodules on soybean roots is not a sure 
indication that nitrogen is being fi xed. Some rhizobia bring 
about nodule formation but then fail to fi x nitrogen; they 
are called ‘ineffective.’ Others fi x intermediate amounts of 
nitrogen. The most economical way to provide additional 
nitrogen for soybean crops is to use more effective strains 
of Rhizobium. Address: Dep. of Soil Science, Univ. of 
Minnesota, 1529 Gortner Ave., St. Paul, Minnesota 55108.
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2232. Haque, I.; Amara, D.S.; Kamara, C.S. 1980. Effects 
of inoculation and N fertilizer on soyabean in Sierra 
Leone. Communications in Soil Science and Plant Analysis 
11(1):11-24. [26 ref]
• Summary: Inoculation of Clark variety soybeans was 
not effective in increasing yields–perhaps due to high soil 
temperature or low soil moisture. Application of 60 and 90 
kg of nitrogen per hectare showed signifi cant and highly 
signifi cant soybean yields compared to the control. Address: 
1. University College of Swaziland, Luyengo, Swaziland; 2. 
Njala Univ. College, Njala, Sierra Leone.

2233. Haque, I.; Bundu, H.S. 1980. Effects of inoculation, 
N, Mo and mulch on soyabean in Sierra Leone. 
Communications in Soil Science and Plant Analysis 
11(5):477-483. [4 ref]
• Summary: The soyabean is a new crop in Sierra Leone, 
and its rhizobia do not occur naturally in acid and infertile 
soils of the Njala area. Thus, a commercial inoculant has 
to be used for nodulation. However, this does not improve 
the yields much and a nitrogen defi ciency occurs before 
fl owering, causing yields to be reduced.
 Soyabean yields (in gm/square meter), number and 
weight of nodules, and soybean seed protein, were increased 
by all treatments. Soybean yields were increased most by 
inoculation plus treatment with nitrogen and molybdenum. 
Address: 1. University College of Swaziland, Luyengo, 
Swaziland; 2. Njala Univ. College, Njala, Sierra Leone.

2234. Hardy, R.W.F.; Havelka, U.D.; Heytler, P.G. 1980. 
Nitrogen input with emphasis on nitrogen fi xation in 
soybeans. In: F.T. Corbin, ed. 1980. World Soybean Research 
Conference II: Proceedings. Boulder, Colorado: Westview 
Press. xv + 897 p. See p. 57-72. [69 ref]
• Summary: Contents: Introduction. Estimated soybean 
world production demands, nitrogen needs and general 
approaches to meet those needs. Status of knowledge on 
biological N2 fi xation based on a what’s wrong with the 
natural process approach. Critical subsets on the N2 fi xation 
system. Possible future technologies. Address: Central 
R&D Dep., Exp. Station, E.I. du Pont de Nemours and Co., 
Wilmington, Delaware 19898.

2235. Herath, E.; Wijeratne, W.; Hittle, C.N.; Spata, J.M. 
1980. Development of a soybean industry in Sri Lanka 
(Abstract). In: F.T. Corbin, ed. 1980. World Soybean 
Research Conference II: Abstracts. Boulder, Colorado: 
Westview Press. 124 p. See p. 91-92.
• Summary: “Experiences with the Sri Lanka Soybean 
Development Program illustrate the opportunities and 
problems associated with a broad-based national program of 
crop production, marketing, processing, and utilization.”
 “In 1977 there were about 2,400 ha of soybeans planted. 
Farm yields average slightly less than 1,100 kg/ha while 

experimental trials yield as much as 4,000 kg/ha. Current 
production research includes work in breeding, agronomic 
practices, soil and water management, development of 
Rhizobium inoculant and plant protection. This research plus 
extension should increase farm yields appreciably.”
 The processing and utilization program, which is an 
ancillary to the main project and funded by CARE and 
UNICEF ($227,000 each), with local counterpart funds, is 
discussed. The three levels are home level, village level, 
and commercial level. Address: INTSOY Soybean Program, 
CARI, Gannoruwa, Sri Lanka.

2236. International Institute of Tropical Agriculture. 1980. 
Annual report 1979. Ibadan, Nigeria. 152 p.
• Summary: The section titled “Soybean” (p. 93-98), within 
the Grain Legume Improvement Program, discusses: Genetic 
improvement: Yield trials in Nigeria (at IITA and Mokwa) 
and seed storability (At IITA in 1979 the variety M-216 
yielded 1,480 kg/ha), heritability of seed longevity, selection 
for seed storability, resistance to fi eld weathering, screening 
for promiscuous nodulation, nondestructive assay of nitrogen 
fi xation, photoperiod studies, resistance to bacterial pustule, 
management trials. Microbiology: Rhizobium culture 
collection, rhizobia in acid soils.
 Note: The word “promiscuous” would soon become 
widely used in connection with nitrogen fi xation in the 
tropics, especially in Brazil and Africa. Address: Ibadan, 
Nigeria.

2237. Kurihara, Maria Helena. 1980. Catalogo de 
publicacoes seriadas sobre soja [Catalog of serial 
publications on soybeans]. Brasilia: EMBRAPA–Empresa 
Brasileira de Pesquisa Agropecuaria. Departamento de 
Informacao e Documentacao; Londrina, PR: Centro Nacional 
de Pesquisa da Soja. 191 p. Includes indexes. [530 ref. Por; 
Eng]
• Summary: The 530 references are divided into the 
following groups: Introduction. General information. 
Ecology and practical cultivation: Agro-climatology and 
zones, harvest and storage, time of planting, spacing between 
plants and plant density. irrigation. Economics. Entomology 
(insects). Noxious weeds. Phytopathology (plant diseases) 
and their control. Mechanized agriculture. Varietal 
improvement. Nematodes. Seeds. Production systems. 
Soils: Fertility, nitrogen fi xation by Rhizobium bacteria. 
Utilization. Author index. Subject index. Address: Brazil.

2238. Munns, D.N. 1980. Mineral nutrition and nodulation. 
In: F.T. Corbin, ed. 1980. World Soybean Research 
Conference II: Proceedings. Boulder, Colorado: Westview 
Press. xv + 897 p. See p. 47-56. [44 ref]
• Summary: Contents: Introduction. Assessment of 
nodulation. Effects of nodulation on mineral nutrition: 
Increased requirement for certain nutrients, poor root 
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development and nutrient uptake, acidifi cation of the soil. 
Effects of mineral nutrition on nodulation: Effects arising 
from poor plant nutrition, direct nutritional effects on 
nodulation. Address: Univ. of California, Davis, CA 95616.

2239. Munns, D.N.; Mosse, B. 1980. Mineral nodulation of 
legume crops. In: R.J. Summerfi eld and A.H. Bunting, eds. 
1980. Advances in Legume Science. Royal Botanic Gardens, 
Kew, Richmond, Surrey, England. xvi + 668 p. See p. 115-
25. [103 ref]
• Summary: Members of the Leguminosae, including 
those species important as crops, share with most other 
green plants an ability to improve their nutrient uptake 
by mycorrhizal associations between their roots and soil 
fungi. They also have the virtually unique potential for 
assimilation of dinitrogen through symbiosis with species of 
the bacterium Rhizobium. Address: 1. Univ. of California, 
Davis, California; 2. Dep. of Soil Microbiology, Rothamsted 
Experimental Station, Harpenden, Herts., AL5 2JQ, England.

2240. Nitragin Co. (The). 1980. Nitragin. Since 1898. 1217 
Ewing Ave., Clearwater, FL 33516. 10 p. 28 x 22 cm. [Eng; 
Spa]
• Summary:  See also next page. A description of the 
company, its operations, and products, including a brief 
history and numerous photos. Dual language edition 
in Spanish and English. Over 2,500 different rhizobia 
strains are on deposit in Nitragin’s culture collection. 
The company’s Midwest operations are in Milwaukee, 
Wisconsin.
 “History of the Company: On December 6, 1898, 
the now familiar name, Nitragin, was trademarked by 
two German scientists, Nobbe and Hiltner. This German 
company was responsible for making the fi rst commercial 
legume inoculants. The rights to this process and the 
trademark, Nitragin, were purchased by Franklin J. 
Matchette in approximately 1905. Ownership passed into the 
hands of Franklin’s younger brother Louis in 1922. Louis D. 
Matchette ran the fi rm profi tably for the next 25 years.

 “Upon his retirement in 1947, Louis Matchette 
appointed his three sons–John, Richard, and James–
to assume operation of the company. Two operating 
subsidiaries were formed under their direction. In 1956, 
‘Demilco Incorporated’ was added for the purpose of mining, 
processing, and distributing peat humus. Then, in 1957, 
another subsidiary developed out of the purchase of ‘Hansen 
Inoculator Company’ of Champaign, Illinois.
 “In December of 1966, John A. Matchette agreed to 
sell his interests in the business to Richard and James. 
Subsequently, on October 31, 1976, Richard T. Matchette 
retired from active participation and sold his interest in the 
business to his brother James, who became the principal 
owner of the company.
 “Since 1976, James’ sons–John and Jeffrey–have joined 
the company and have become minority stockholders in the 
business.
 “Today the Nitragin Company is housed in two modern 
production plants located in Milwaukee and Waukesha, 
Wisconsin. These plants produce inoculants for millions 
of bushels of legume seeds annually. The Company is 
pleased to announce the completion of a new administrative 
offi ce building in Clearwater, Florida. This addition will 
better enable The Nitragin Company to meet the growing 
worldwide demand for its legume inoculants.” Address: 
Clearwater, Florida.

2241. Ohyama, Takuji; Kumazawa, K. 1980. Nitrogen 
assimilation in soybean nodules I. The role of GS/GOGAT 
system in the assimilation of ammonia produced by N2 
fi xation. Soil Science and Plant Nutrition (Tokyo) 26(1):109-
15. [22 ref]
• Summary: “In order to elucidate the pathways to assimilate 
the ammonia produced by N2-fi xation in soybean nodules, 
15N-labeled compounds were administered to intact nodules 
or nodule slices pretreated with various inhibitors of nitrogen 
assimilation. After exposure to 15N2, 15N-incorporation into 
various nitrogenous compounds was investigated in attached 
nodules injected with methionine sulfoximine (MSX) or 

azaserine (AS).” Address: 
Faculty of Agriculture, The 
Univ. of Tokyo, Tokyo, 
Japan.

2242. Ohyama, T.; 
Kumazawa, K. 1980. 
Nitrogen assimilation in 
soybean nodules III. Effect 
of rhizosphere pO2 on the 
assimilation of 15N2 in 
nodules attached to intact 
plants. Soil Science and 
Plant Nutrition (Tokyo) 
26(2):321-24. [13 ref]
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• Summary: “It has been shown that symbiotic nitrogen 
fi xation in leguminous nodules requires molecular oxygen 
for ATP production through oxidative phosphorylation; 
but, on the other hand, O2 inactivates nitrogenase (3). 
Determination of the internal pO2 level of soybean nodules 
using oxygen micro electrodes revealed that the pO2 
decreased sharply across the nodule cortex, and it was very 
low in the central tissue which contained bacteroids (13).” 
Address: Faculty of Agriculture, The Univ. of Tokyo, Tokyo 
113, Japan.

2243. Ohyama, Takuji; Kumazawa, K. 1980. Nitrogen 
assimilation in soybean nodules II. 15N2 assimilation in 
bacteroid and cytosol fractions of soybean nodules. Soil 
Science and Plant Nutrition (Tokyo) 26(2):205-13. [24 ref]
• Summary: “From these results, it was suggested that 
most of the fi xed ammonia was exported to cytosol and 
assimilated via glutamine synthetase to glutamine, then 
via glutamate synthase to glutamic acid, and from these 
compounds various nitrogenous compounds were formed, 
but in bacteroids glutamate dehydrogenase and alanine 
dehydrogenase played an important role in the assimilation 
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of fi xed ammonia though quantitatively the contribution to 
ammonia assimilation in nodules was much less compared 
with cytosol.” Address: Faculty of Agriculture, The Univ. of 
Tokyo, Tokyo 113, Japan.

2244. Ontario. Ministry of Agriculture and Food. 1980. 
Soybeans and land management. Toronto, Ontario, Canada. 
45 p. Southwestern Ontario Farmers’ Week at Ridgetown 
College of Agricultural Technology. Held Monday Jan. 14, 
1980.
• Summary: Contents: Feature address: Agricultural 
practices and water quality, by Karen Switzer Howe. 
Soybean production: Soybean inoculation and micronutrient 
materials, by J.C. Schleihauf. Soybean varieties for 
1980, by Dr. R.I. Buzzell. Variable effects of soybean 
herbicides, by C.J. Swanton. Molds, mildews and mites, 
by R.E. Pitblado. Soybean marketing: Ontario soybean 
insurance program, by H. Ediger. Stabilization and advance 
payment for soybeans, by A.E. Proulx. Land Management: 
Tillage, by Dr. T.B. Daynard. Crop rotation, by Dr. C.S. 
Baldwin. Liming, by R.W. Johnston. Soil structure, by C.K. 
Stevenson. Windbreaks can increase crop yields, by D.C. 
Craig. Ditchbanks and grassed waterways, by J.B. Arnold. 
Municipal drains–who is responsible?, by D.L. Rogerson. 
The Ontario Farm Productivity Incentive Program, by G.A. 
Driver. Address: Canada.

2245. Roughley, R.J.; Bromfi eld, E.S.P.; Pulver, E.L.; Day, 
J.M. 1980. Competition between species of Rhizobium for 
nodulation of Glycine max. Soil Biology and Biochemistry 
12(5):467-70. [18 ref]
• Summary: The soybean variety Malayan is a 
promiscuously nodulating cultivar which formed nodules 
with 6 out of 9 strains of Rhizobium spp of diverse origin and 
all strains of R. japonicum tested. Address: 1-2. Dep. of Soil 
Microbiology, Rothamsted Experimental Station, Harpenden, 
AL5 234, England; 3, IITA, PMB 5320, Ibadan, Nigeria.

2246. Sinclair, T.R.; Lugg, D.G.; Spaeth, S.C. 1980. 
Comparative fi xation and utilisation of carbon and nitrogen 
among soyabean genotypes. In: R.J. Summerfi eld and A.H. 
Bunting, eds. 1980. Advances in Legume Science. Royal 
Botanic Gardens, Kew, Richmond, Surrey, England. xvi + 
668 p. See p. 313-22. [42 ref]
• Summary: “Nitrogen fi xation in fi eld-grown soyabean 
plants increases rapidly before the appearance of fl owers, 
peaks between early and mid pod-fi ll. and then declines 
abruptly. However no observations have been made in situ 
and there are ambiguities about the diurnal and seasonal 
changes that occur.” Address: USDA, Cornell Univ., Ithaca, 
New York.

2247. Summerfi eld, R.J.; Bunting, A.H. eds. 1980. Advances 
in legume science. Royal Botanic Gardens, Kew, Richmond, 

Surrey, England. xvi + 668 p. Volume 1 of the Proceedings of 
the International Legume Conference. Held 31 July–4 Aug. 
1978 at Kew, England. Illust. Index. 25 cm. [448 soy ref]
• Summary: Volume II will be titled “Advances in Legume 
Systematics.” Volume 1 contains the following sections, after 
the list of contributors and preface: 1. Diversity, adaptation 
and yield. 2. Rhizobium, nitrogen metabolism and plant 
nutrition. 3. Biochemical composition and nutritional factors. 
4. Pests, diseases, resistance and breeding. 5. Glycine 
(contains extensive information on soybeans). 6. Phaseolus 
and Psophocarpus. 7. Vigna. 8. Arachis. 9. Fodder, forage 
and cover legumes. 10. Other taxa (Lupinus, Cicer, Lens, 
Vicia faba, Pisum). Address: 1. Univ. of Reading, Dep. 
of Agriculture & Hort., Shinfi eld Grange, Cutbush Lane, 
Shinfi eld, Reading RG2 9AD, Berkshire, England.

2248. Trabulsi, I.Y.; Abdel-Samea, M.E.; Bahy, A.Y. 1980. 
Effect of fungicides (Bavistan and Benlate) on the nodulation 
of soybean (Glycine max.). In: Proceeding of the Fourth 
Conference on the Biological Aspects of Saudi Arabia. 
Riyadh, Saudi Arabia: Univ. of Riyadh. See p. 285-294. [6 
ref. Eng; ara]*

2249. Nitragin Co. (The). 1980? Historical perspective of 
The Nitragin Company. 1217 Ewing Ave., Clearwater, FL 
33516. 5 p. Undated. Unpublished manuscript.
• Summary: On 6 Dec. 1898 the name Nitragin (pronounced 
NAI-truh-gene) was trademarked in the United States by 
two German scientists, Nobbe and Hiltner (U.S. Registered 
trademark 32,212). Dr. Hiltner was Dean of the Royal 
Agric. Experiment Station at Munich and Nobbe was his 
associate. This company was responsible for making the fi rst 
commercial legume inoculants. The Western Hemisphere 
rights to this process and the trademark Nitragin were 
purchased by Franklin J. Matchette in approximately 1905. 
That year Nitragin became the fi rst commercial soybean 
inoculant sold in the United States.
 By the early 1920s, 17 commercial concerns, 20 state 
institutions and the USDA were producing inoculants for 
distribution to the farmer. Today the industry is composed 
of only 7 major commercial producers. The Nitragin Co. is 
the world’s largest producer of legume inoculants. Address: 
Clearwater, Florida. Phone: 813-461-6913.

2250. Soybean Digest. 1981. Germplasm exchange [with 
China] aids soybeans. Benefi ts will boost yields. Jan. p. 42.
• Summary: “Scientifi c exchanges focusing on germplasm 
will aid both the U.S. and the People’s Republic of China 
(PRC) in developing stronger, higher yielding soybeans.
 “And utilization exchanges will enable China to further 
expand uses for soybeans and products–and import more 
U.S. soybeans.
 “A recent trade mission to the PRC, sponsored by 
Elanco Products Co., USDA’s Foreign Ag Service and the 
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PRC brought this point home to a group of soybean growers: 
Both countries have much to learn from each other.
 “Scientifi c exchanges already have scientists in both 
countries at work, analyzing nitrogen-fi xing bacteria, 
nematode and disease resistance as well as other factors.
 “Work is underway in both countries for complete 
germplasm and scientifi c exchange-which will greatly benefi t 
soybean production.”

2251. Cassman, K.G.; Whitney, A.S.; Fox, R.L. 1981. 
Phosphorus requirements of soybean and cowpea as affected 
by mode of N [nitrogen] nutrition. Agronomy Journal 
73(1):17-22. Jan/Feb. [24 ref]
• Summary: This experiment was conducted at the Univ. of 
Hawaii Kuiaha Experiment Site, Island of Maui, Hawaii. 
Address: NifTAL Project, Dep. of Agronomy and Soil 
Science, Univ. of Hawaii, Honolulu, HI 96822.

2252. Lawrence, Gale. 1981. Grow green soybeans until 
frost: Trials started in 1976 led to the ideal varieties for this 
gardener. Organic Gardening 28:109-11. Feb.
• Summary: The author fi rst tried growing soybeans in her 
Vermont garden in the summer of 1976. She used to wait for 
them to dry in the garden, but now she harvests them earlier 
and cooks them while they are still green; her family likes 
them better that way. She also freezes some. Before planting 
the soybeans, she inoculates them with soybean inoculant 
from Johnny’s Selected Seeds (Albion, Maine 04910). Her 
four favorite varieties are Fiskeby V (takes 70-80 days to 
reach the green stage), Altona (70-90 days), Envy (95 days), 
and Frostbeater (95-100 days).

2253. Lie, T.A. 1981. Gene centres, a source for genetic 
variants in symbiotic nitrogen fi xation: host-induced 
ineffectivity in Pisum sativum ecotype Fulvum. Plant and 
Soil 61(1-2):125-34. Feb. [11 ref]
• Summary: The centres of diversity of cultivated plants are 
important sources of genetic variation for use in breeding 
programs and are often the regions in which the crops were 
originally domesticated. Li highlighted the importance of 
these centers as a source of genes involved in symbiotic 
N2 fi xation in both host plants and rhizobial strains. Wild 
legumes which are capable of forming effective N2 fi xing 
symbioses are invariably nodulated in the fi eld in their center 
of diversity, even when they fail to nodulate when imported 
into other regions. This is presumably due to co-evolution 
of adapted host plant genotypes and compatible rhizobial 
strains.
 “Our studies with pea ecotype fulvum support our 
hypothesis that gene centres for leguminous host plants 
are also gene centres for Rhizobium.” Address: Lab. of 
Microbiology, Agricultural University, 6703 CT Wageningen, 
The Netherlands.

2254. MacLean, Jayne T. 1981. Nitrogen fi xation in 
soybeans, 1975-1980: 130 citations Beltsville, Maryland: 
U.S. Dept. of Agriculture, National Agricultural Library. 15 
p. unnumbered. March. Quick Bibliography Series. [130 ref]
Address: USDA National Agricultural Library.

2255. IRAT. 1981. Les besoins en eau du soja au sud du 
Sénégal [The water needs of soybean plants in the south of 
Senegal]. IRAT Info No. 13. Jan/June. [Fre]*

2256. Singh, R.P.; Singh, L.; Teotia, R.S. 1981. Effect of 
symbiotic and nonsymbiotic nitrogen fi xing bacteria on 
growth and seed composition of soybean. Acta Botanica 
Indica 9(1):104-09. June. [26 ref]
• Summary: “Azotobacter chroococcum, Rhizobium 
japonicum and their mixed cultures when used as 
inoculants infl uenced growth, biomass, nodulation and seed 
composition of soybean.” Separately, each of these bacteria 
increased shoot length, fresh and dry weights of roots and 
shoots and number of nodules, but agronomically the effect 
of R. japonicum was greater in that it increased the protein 
content of the soybean seeds.
 “A mixed culture of these non-symbiotic and symbiotic 
bacteria was more effective on soybean growth and protein 
content” of the seeds. Address: Dep. of Botany, Meerut 
College, Meerut, Uttar Pradesh, India.

2257. INTSOY Newsletter (Urbana, Illinois). 1981. INTSOY 
research highlights: Soil microbiology program. No. 26. p. 
1-2. Aug.
• Summary: “Soybean inoculants and their survival pose 
many problems in the tropics. For successful nodulation, 
adequate numbers of Rhizobium japonicum must survive in 
the soil. In the tropics and subtropics, however, stress factors 
such as high soil temperatures, low soil moisture, and acidic 
soils interfere with nodulation. Insuffi cient nodulation causes 
a defi ciency in plant nitrogen and thus a yield reduction. 
The INTSOY soil microbiology program is investigating 
problems related to fostering a dynamic association between 
R. japonicum and soybeans under tropical conditions.” Two 
new international trials, IISE (the International Inoculant 
Shipping Evaluation) and ISRIE (the International Soybean 
Rhizobium Inoculant Experiment) were created as part of the 
INTSOY microbiology program.

2258. Shurtleff, William; Aoyagi, Akiko. 1981. The United 
States Department of Agriculture and state agricultural 
experiment stations: History of work with soya. Soyfoods 
Center, P.O. Box 234, Lafayette, CA 94549. 26 p. Sept. 
26. Unpublished typescript. Available online at www.
soyinfocenter.com.
• Summary: A comprehensive history of the subject. 
Contents: Introduction: A key spark of support missing in 
many countries such as France, worldwide infl uence of 
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publications, overview of chapter. Part I: Early history of 
the USDA, experiment stations, and plant introduction. 
Chronology of activities from before 1800 to 1920. Part II: 
Offi ce of Seed and Plant Introduction (OSPI). Introduction 
and overview. David Fairchild and the founding of Section 
of Foreign Seed and Plant Introduction (FSPI): Birth in 
1869, life to 1897, founding of OSPI in 1897, fi rst sight 
of soybeans in Maryland in 1897, inoculation trial, early 
soybean introductions from 1898, Fairchild’s travels 
1898-1903, Dr. Yamei Kin’s enthusiasm for soybeans, 
other founders and co-workers. Frank N. Meyer (1903-
18): Early work, description of character, death 1918 en 
route to Shanghai, tribute of his friends and co-workers, 
growth of OSPI, soybean introductions from 1907, budget 
growth. P.H. Dorsett. Fairchild: Later life (1924-54). Plant 
introduction today. Part III: USDA work with soyfoods and 
nutrition. Brief chronology: 1877-1899: Early experiment 
stations, Bureau of Home Economics, Osborne and Mendel, 
Langworthy, Blasdale. 1900-1919: Abel, Oshima, King, 
Piper, Morse, Hawaii, World War I, Kin. 1920-1939: Thom 
and Church, Louise Stanley, LeClerc. 1940-1959: World 
War II, continued in chapter on Northern Regional Research 
Center, Peoria, Illinois. Address: Lafayette, California. 
Phone: 415-283-2991.

2259. Brill, Winston J. 1981. Agricultural microbiology. 
Scientifi c American 245(3):199-200, 202, 206-08, 210-12, 
215. Sept.
• Summary: The long subtitle: “Introducing new genes into 
crop plants by recombinant-DNA methods is diffi cult and 
not in immediate prospect. Much progress can be made, 
however, by manipulating the microorganisms that live with 
plants.”
 A large illustration shows the nitrogen cycle, which 
maintains a balance between two huge reservoirs of nitrogen 
compounds: the earth’s atmosphere and the earth’s crust. 
Address: Univ. of Wisconsin, Madison.

2260. Awai, Jane. 1981. Inoculation of soya bean (Glycine 
max (L.) Merr.) in Trinidad. Tropical Agriculture (Trinidad) 
58(4):313-18. Oct. [17 ref]
• Summary: In Trinidad, the uninoculated soybean cultivar 
Jupiter was effectively inoculated by indigenous rhizobia. 
Soya bean is generally assumed to be nodulated only by 
Rhizobium japonicum. In areas new to the crop, these 
organisms are often absent from the soil and inoculation with 
suitable strains of R. japonicum is necessary. However, many 
strains classifi ed as members of the “cowpea miscellany” 
have been shown to be capable of nodulating soya bean and 
the boundaries between the two groups of strains are far from 
clear.
 Experiments were conducted at 3 sites in Trinidad. 
Indigenous rhizobia capable of nodulating soya bean 
appeared to be present at Londenville and Piarco, but 

nodules formed on uninoculated plants only late in the 
growth of the plants, suggesting a low population of these 
bacteria. Conclusion: “Although nitrogen fi xation can 
provide suffi cient nitrogen for plant growth, it appears 
that application of nitrogen fertilizer may be necessary for 
maximum yields.” Address: Dep. of Soil Science, U.W.I. 
[Univ. of the West Indies], St. Augustine, Trinidad.

2261. Taylor, Owen. 1981. Super seed: Coming down the 
backstretch. Genetic engineering still faces several hurdles. 
Soybean Digest. Sept/Oct. p. 16a-b.
• Summary: The idea of crossing a soybean with a cocklebur 
(so the resulting plant could thrive in all kinds of weather 
and choke out anything in its path) may have sounded like 
science fi ction several years ago–but not today. Now such 
a goal seems reachable–though it may still be a number 
of years away. “Scientists pin their hopes on a relatively 
new and often controversial process: Genetic engineering. 
Recent creation of the ‘sun-bean’ focused new attention on 
this technique.” Researchers Jack Kemp and Timothy Hall 
at the University of Wisconsin transferred a gene from a 
French green bean into a sunfl ower cell. This could result in 
sunfl ower seeds that benefi t from the green bean’s superior 
quality protein. “But you won’t be growing sun-beans for a 
long time–of ever. So far, all the researchers have is callous 
plant tissue–not a new plant capable of reproducing.”
 “Gene splicing” might also cut years off the time 
required to develop new soybean varieties. While work in 
other crops shows promise, soybean researchers “still need 
their fi rst major breakthrough.” Until they can fi gure out how 
to make a soybean cell regenerate into a full plant, nothing 
else in possible. So far, this has been done with more than 15 
other types of plants, but not yet with soybeans. If and when 
this becomes possible, soybean genes for nitrogen fi xation 
could, conceivably, be transferred into grains such as wheat 
or corn.
 Genetic engineering has its critics, who charge (for 
example) that manipulating genes in microorganisms might 
create new strains of dangerous diseases.
 Drew Ivers, a soybean geneticist for Land O’Lakes 
Ag Services, notes that the potential exists for major 
breakthroughs. “It’s very realistic–very exciting. The 
possibilities are almost endless–but it just can’t happen in 2, 
5 or even ten years.”
 Note: This is the earliest document seen (Feb. 2000) on 
genetic engineering of soybeans (or biotechnology).

2262. Hartwig, Edgar E. 1981. Re: History of soybeans in 
North Carolina. Letter to William Shurtleff at Soyfoods 
Center, Nov. 2. 4 p. Typed, with signature on letterhead.
• Summary: “In my early years working with soybeans in 
North Carolina, I traveled with Mr. W.J. Morse on several 
occasions and he gave me some of the early history of 
soybeans. One of the men that he mentioned as having an 
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active interest in soybeans in North Carolina was Mr. Fred 
P. Latham of Belhaven, North Carolina. I wonder if you 
have the proceedings of the American Soybean Association 
Volume 1 covering the years 1925-1925. Mr. Latham 
was active in the early years of the American Soybean 
Association. In a report he made in 1924, he indicated that 
he had been growing soybeans for 16 years. He credited W.J. 
Morse with activating his interest in soybeans. I believe that 
it was in the fall of 1950, the last years before Mr. Morse 
retired, we visited Mr. Latham on his farm in eastern North 
Carolina. He also had retired from active farming. They 
enjoyed their visit discussing some of the early years with 
soybeans. I believe members of the Latham family are still 
farming and growing soybeans in eastern North Carolina.
 “C.B. Williams was head of the Agronomy Department 
at North Carolina State for many years. He had retired at the 
time I began my work in 1943, but I did have an opportunity 
to visit with him. He also had worked closely with Mr. 
Morse in getting soybeans established in North Carolina. 
Mr. Williams recognized the importance of nodulation on 
soybeans for successful production and developed a system 
of collecting soil from fi elds that had grown well-nodulated 
soybeans to distribute to areas where soybeans were to be 
planted the fi rst time.
 “As to why soybeans became established in North 
Carolina more successfully than other areas is a matter 
of several assumptions. I have assumed that some of the 
early ships bringing material from Japan had used soybean 
material for ballast in their ships, and in docking at ports 
such as Norfolk, Virginia or Elizabeth City, North Carolina 
had thrown out some of the soybeans that were in excess, 
and types such as Mammoth Yellow were at a maturity that 
they were well adapted for northeastern North Carolina 
and fi t into their agricultural practices. I could furnish you 
a picture of some of the early harvesters should you desire 
this. As to other pioneers in the fi eld, I do not have any other 
names to suggest.
 “Fertility studies were conducted with soybeans in 
North Carolina in the late 1920’s. Dr. S.G. Lehman, who I 
have discussed somewhat in the plant pathology work, was 
a pioneer in the identifi cation and describing of the diseases 
of soybeans. It seems that in introducing soybeans from 
the Orient, they introduced most of the diseases attacking 
the crop in China and Japan. Although soybeans were a 
relatively unimportant crop in the state, Dr. Lehman and 
some of his co-workers described many of the diseases that 
we now recognize as important problems in the production 
of soybeans. He gave me considerable assistance in learning 
to identify diseases and recognizing the type of injury which 
they caused.
 “There was no active breeding program concerning 
soybeans in the area until I began my work in 1943. The 
varieties Mammoth Yellow, Tokyo, Haberlandt, and Woods 
Yellow were major varieties. I am assuming that Mammoth 

Yellow was distributed as coming from ballast material 
on ships. Tokyo was introduced from Japan in the early 
1900’s, and Haberlandt was from Korea. I assume that Mr. 
Morse distributed seed of these to people like Mr. Latham. 
Woods Yellow was selected as a somewhat later maturing 
type out of the Mammoth Yellow variety. Later such black 
seeded types as Laredo and Otootan were introduced for hay 
production. It was the enthusiasm of people like W.J. Morse, 
C.B. Williams, and Fred Latham, who, in their contacts with 
farmers, suggested to them that they might try this crop. 
There was little attention from extension agronomists or 
research projects to stimulate the interest in the crop.
 “In 1979 the Soybean Processors Association in their 
annual meeting recognized the 50 years of existence as an 
organization. The Soybean Crop Advisory Committee in 
their meeting recognized some of the achievements and 
activities over the period. I am enclosing a copy of the report 
which was prepared from this meeting.
 “I assume that you have read my chapter on varietal 
development, but I am enclosing a reprint. I am returning the 
copies you sent with some modifi cations and additions.
 “I would not classify Mr. W.J. Morse as a soybean 
breeder, but rather as an agriculturist. He began working for 
the Department of Agriculture in 1907. Research was at a 
different level from what it is now. His job was to become 
familiar with the crop and see where it might fi t into the 
U.S. Agricultural system. In the early years, the crop was 
considered as a forage crop and also a crop that might be 
grown and turned under for soil improvement. But I believe 
it was in the mid-1920’s that Piper and Morse stated that the 
future of soybeans was not as a forage crop, but as a seed 
crop for producing protein and oil. Since this was a crop in 
which very few were interested, the early introductions from 
Asia were grown and looked at and if they did not appear 
to fi t an immediate purpose there was no need or really no 
system to retain them. You may have mentioned it, but I 
might repeat that it was not until 1941 that as many acres 
of soybeans in the U.S. were harvested for seed as were 
grown for forage. With regard to introductions, we received 
a large number from Japan after World War II when the U.S. 
Army of Occupation took over. I believe that essentially all 
soybean introductions received into the U.S. since 1948 are 
in our collection and many of their characteristics described 
and many have been utilized in the breeding program.
 “From a machinery standpoint, the development of 
the combine harvester was a very important aspect in the 
development of soybean production. The grain binder and 
stationary thresher was used for small grains and was not 
as satisfactory for harvesting soybeans. The early beaters 
developed for harvesting in North Carolina were rather 
unsatisfactory. This was pulled through the fi eld by a pair of 
mules and the beaters hit the soybean plants and a portion of 
the beans went into the box behind the beaters and many of 
the beans fl ew into the air in all directions. These beaters, to 
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be moderately successful, required varieties that shattered 
rather readily. Thus, the beans had to be harvested at a very 
short time after they were ready to be harvested. If they 
were not harvested at this time, then seed would be lost to 
shattering. The Asiatic farmer usually grew only a very small 
area with soybeans. He cut these by hand and tramped them 
out. This system was certainly not satisfactory for American 
agriculture.
 “In South Carolina Mr. John Wannamaker became 
interested in soybean production in the early 1930’s. I visited 
his farm in 1943. He was growing some material that traced 
to introductions from Nanking, China that were distributed 
by W.J. Morse. Mr. Wannamaker was very enthusiastic about 
soybeans and made selections from the original seed lots that 
he received and distributed them to farmers in his area. His 
activities and enthusiasm helped get soybeans started in the 
coastal plains area of South Carolina.
 “W.J. Morse seemed to have an ability to hear of 
anyone that was interested somewhat in soybeans. Professor 
Tracy had retired as director of the Mississippi Agricultural 
Experiment Station and had a home on the Mississippi Gulf 
Coast. Mr. Morse regularly sent him new introductions 
that were received from parts of Asia that he thought might 
be suitable for that latitude. One of the introductions that 
Professor Tracy thought well suited for the area, he gave 
the name Biloxi. For many years the variety Biloxi was 
widely grown for interplanting with corn in the southeast, 
and then grazed after corn was harvested by turning hogs or 
cattle into the fi elds. One of the major interests with regard 
to the variety Biloxi is that this variety was used by Garner 
and Allard in their studies in describing photoperiodism in 
plants. Plant physiologists all over the world still request 
seed of Biloxi from us when they are conducting photoperiod 
experiments.
 “I trust these comments will be of help to you. Should 
you have further questions which you think I might be able 
to give you assistance, feel free to contact me at any time.
 “Sincerely,...” Address: Research Agronomist, 
Soybean Production Research, Delta Station, P.O. Box 196, 
Stoneville, Mississippi 38776.

2263. Howell, R.W. 1981. Re: Early soybean physiologists 
in the United States. Letter to William Shurtleff at Soyfoods 
Center, Dec. 23. 3 p. Typed, without signature.
• Summary: “Dr. W.L. Burlison was an ardent proponent 
of the importance of plant physiology to agronomy. In his 
presidential address to the American Society of Agronomy 
on November 17, 1927, he said, ‘Agronomy... must ally 
itself with those sciences that are basic in the interpretation 
of plant function, namely, chemistry, physics, and plant 
physiology.’ It is no coincidence that the USDA soybean 
program included a physiologist from the earliest days 
and that physiology has had a prominence in Agronomy at 
Illinois that is unequalled.

 “E.B. Earley was the fi rst physiologist in the U.S. 
Regional Soybean Laboratory at Illinois and Missouri from 
1937 to 1944, when he joined the University of Illinois 
faculty. He published a paper on soybean reaction to zinc, 
and one on temperature of the root environment of soybeans. 
Most of his career was devoted to corn research.
 “D.F. McAlister came to the Laboratory after World War 
II. His research concerned mineral nutrition, and the effects 
of defoliation. He left in 1951 to become a department head 
at the University of Arizona, later serving that University 
in Brazil and as assistant director of the Agricultural 
Experiment Station.
 “I succeeded McAlister in 1952, continuing until I 
became investigations leader for USDA soybean work in 
1964. My research concerned phosphorus nutrition and 
metabolism, oil synthesis, and effects of temperature on seed 
development and composition.
 Several physiologists joined the USDA during the 
1960s: R.E. Johnson, mineral nutrition; R.W. Rinne, oil 
metabolism; W.L. Ogren, photosynthesis; J.E. Harper, 
mineral nutrition; C. Sloger, nitrogen fi xation; C.F. Tester, 
biochemistry.
 “Soybeans have been the object of study by many 
physiologists whose primary focus was not the plant itself, 
but some key physiological processes. This trend goes 
back to the work of Garner and Allard, who identifi ed 
photoperiodism in the 1910s, and to Borthwick, Parker, 
and Hendricks in the 1930s and later H.J. Evans, now 
at Oregon State, and R.H. Burris, of Wisconsin, made 
basic contributions to understanding of nitrogen fi xation 
in soybeans. The system of Maturity Groups (00 to X) to 
identify the areas of adaptation of soybean varieties is based 
directly on the photoperiod research of Borthwick and 
Parker. Borthwick is one of the few agricultural scientists 
to be elected to membership in the National Academy of 
Sciences, a recognition of the fundamental signifi cance of his 
work in photoperiodism, much of it with ‘Biloxi’ Soybeans. 
J.C. Brown, and C. Foy wrote several outstanding papers 
on comparative iron metabolism, based on a variant type 
reported about 1940 by M.G. Weiss.
 “Soybeans were ‘discovered’ by crop physiologists 
around 1960. R.M. Shibles began work on soybeans at 
Iowa State about that time, as did I.C. Anderson. A student 
of Anderson’s was J.W. Tanner, who went to Canada 
and pioneered soybean physiology at Guelph” (Ontario 
province).
 “Very recently, research groups concentrating on 
photosynthesis have been created, building on the foundation 
established in soybeans. Work in soybeans provided the 
basis for understanding photorespiration, virtual absence 
of which in maize and a few other grasses, explains much 
of the difference in potential productivity of soybeans and 
corn. Photorespiration is ‘like a leak’ by which much of the 
product of photosynthesis is lost before storage.
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 “Likewise, much of the theory of symbiotic nitrogen 
fi xation has evolved from work on soybeans. In another 
instance, differences in expression of physiologic traits (iron 
and phosphorus nutrition) have been shown to be controlled 
in some cases by very simple and traditional genetic 
mechanisms.
 “With the growth in number of soybean physiologists 
and the increased understanding of complex processes, it 
has become more diffi cult to render simple physiological 
explanations of questions of growth. The goal of ‘helping the 
breeders’ has been elusive. There has not been identifi ed a 
key process, measurement or improvement of which would 
replace conventional testing. However, with the advent of 
genetic engineering the interface between physiologists and 
breeder/geneticists is becoming less clear. The skills for cell 
and tissue culture, protoplast fusion, and the other marvels 
of genetic engineering are those of the physiologist, perhaps 
now coming to fruition in partnership with the geneticist/
breeder.” Address: Head, Dep. of Agronomy, Univ. of 
Illinois.

2264. Asgrow Seed Co. 1981. Asgrow soybean management 
system. Northern edition 1982 (Ad). Soybean Digest. Dec. 
20-page color insert, starting after p. 36e.
• Summary: Asgrow advocates ten steps for obtaining high 
soybean yields: 1. Select superior varieties. 2. Purchase high 
quality seed. 3. Match row widths to plant populations. 4. 
Plant at proper depth and date. 5. Control weeds. 6. Supply 
soil nutrients–Rhizobium bacteria. 7. Reduce harvest losses. 
Address: Building 190, Kalamazoo, Michigan 49001.

2265. Robertson, Channing. 1981. Putting designer genes to 
work. Stanford Engineer (The). Fall/winter. p. 3-12.
• Summary: “Over a century ago the Swiss biochemist 
Johann Friederich Miescher reported that the contents of 
nuclei obtained from human cells were rich with organic 
acids containing nitrogen and phosphate. To this mixture he 
gave the name nucleic acids. In 1929, the geneticist, Muller, 
proposed that every living cell possessed ‘genes’ and that 
the information required to perform metabolic functions 
and self-replication was in some way mapped onto genes. 
In the years that followed, genes and nucleic acids were 
shown to be one and the same, and in 1953, James Watson, 
Francis Crick, Rosalind Franklin and others working in the 
Cavendish Laboratories at Cambridge University reported 
the structure of DNA (deoxyribonucleic acid). Of the several 
nucleic acids, it was this one that represented the data bank, 
common to all organisms, needed to remember the past and 
preserve the present. And of utmost importance to species 
propagation, it was this storehouse of information that must 
be transmitted to future generations with unfailing accuracy.
 “Since 1953, much of the molecular information code 
of DNA has been deciphered and more recently, with code 
in hand, molecular biologists have been attempting to 

create new forms of DNA. For billions of years DNA has 
been altered in random ways by nature, an event referred 
to as mutation, natural selection, or evolution. Eight years 
ago DNA was altered, for the fi rst time, by humans, in a 
predictable and controlled fashion. Such alterations are 
now commonplace activities in university, government, and 
industrial laboratories throughout the world.
 “Without a doubt, man’s ability to reprogram and 
someday synthesize the master molecule of life, DNA, will 
affect our society in ways none of us can even imagine. 
At the very least, I believe it will lead to the development 
of an entirely new chemical process industry, one based 
on biological feedstocks that in time will supersede and 
ultimately replace the fossil materials-based chemicals 
industry now in existence. For this to happen, engineers and 
technologists will have to conceive, develop, and put into 
place processes that accommodate living organisms and 
biological catalysts in an optimally effi cient and economic 
way for the synthesis of tomorrow’s chemicals. When nature 
is viewed at its most fundamental levels one cannot help but 
be awed by the presence of the underlying symmetry and 
simplicity. For instance, all of the instructions to propagate 
every life form known to man resides within the chemical 
structure of a highly organized linear polymer known as 
DNA. How is this possible?”
 “In a simple bacterial cell the DNA polymer contains 
approximately 2.5 million base pairs... one is impressed by 
the densities of information packing that nature is able to 
achieve.”
 “DNA recombination performed as an orderly, conscious 
and explicit act was fi rst reported in 1973 by Stanley Cohen 
of Stanford and Herbert Boyer of the University of California 
at San Francisco and their colleagues. Using chemical 
scissors (enzymes known as restriction endonucleases), 
they cut open a small circular strand of extra-chromosomal 
DNA (known as a plasmid) in a bacterium. Plasmids are 
small rings (they have roughly 100 times fewer base pairs 
than does the primary chromosomal DNA) of DNA found 
in bacteria that are not needed, in principle, for survival, 
but which impart useful properties to the bacterium such as 
antibiotic resistance.”
 “Consider the protein hormone insulin. Currently insulin 
is extracted from the pancreatic glands of cows and pigs. It is 
a costly and tedious process that results in a product (animal 
insulin) that is not quite the same as human insulin.” Another 
way of obtaining it “would be to excise the gene (i.e., 
sequence of base pairs) that codes for human insulin and 
insert it into a bacterial plasmid. The bacteria could then be 
cultured en masse and we might well have a bacterial insulin 
factory.
 “In essence, recombinant DNA, molecular cloning, and 
DNA recombination all refer to the same activity, namely, 
the insertion of a DNA segment into an intact DNA molecule 
that is replicated faithfully by the descendants of the 
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organism into which it is placed.”
 “Fertilizers are normally produced from ammonia which 
in turn is manufactured using methane, a dwindling resource. 
Some bacteria are able to form a symbiotic relationship 
with plants, the result of which is the direct fi xation of 
atmospheric nitrogen to organic nitrogen, thereby obviating 
the need for externally applied fertilizer. Gene-splicing can, 
in principle, be employed to genetically alter plants to give 
them pest resistance and tolerance to drought and to saline 
soils, or to enhance their photosynthetic effi ciency. Cells 
cloned to manufacture prodigious amounts of protein offer a 
new source of food and food supplements.”
 We must look to the fi eld of fermentation and 
its enzymes for new answers. Ahead lies the “new” 
biotechnology.

2266. Scott, Andrew, Jr.; Sapra, Val T. 1981. Soybean, 
triticale and wheat production in West-Central Africa 
(Abstract). Agronomy Abstracts 73:46-47. Nov/Dec. 73rd 
annual meeting, American Society of Agronomy.
• Summary: Variety trials of soybeans, triticale, and wheat 
were conducted in three West-Central African countries–
Upper Volta, Cameroun [Cameroon], and Gabon. The results 
have been encouraging, with several soybean varieties 
from maturity group IX yielding more than 2,200 kg/ha. 
Production problems include seed conservation, nodulation, 
insect-control, weed control, etc. Address: Rio Farms Inc., 
Alabama A&M Univ.

2267. Holowach, Lorraine P.; Madison J.T.; Thompson, 
J.F. 1981. Infl uence of exogenous sulfate and exogenous 
L-methionine on growth and storage protein composition of 
soybean cotyledons grown in vitro. Plant Physiology 67:S-
92 *
Address: U.S. Plant, Soil and Nutrition Lab., Agricultural 
Research Service, USDA and Division of Biological 
Sciences, Cornell Univ., Ithaca, New York 14853.

2268. IRAT, France. 1981. Rapport annuel 1980 [Annual 
report 1980]. Paris: IRAT (Institut de Recherches 
Agronomiques Tropicales et des Cultures Vivrieres). xxvii + 
256 p. [4 ref. Fre]
• Summary: The section titled “Soybeans” (Le Soja) (p. 93-
111), after the Introduction, reports the results of: Varietal 
improvement: Genetic resources, criteria for selection, 
selection, varietal evaluation. Conditions and methods 
of soybean seed storage. Inoculation: Dosage of liquid 
inoculum, types and storage of inoculum, graph of number 
of nodules vs. dosage, production of inoculum, survival of 
Rhizobium bacteria, interaction of inoculation x variety. 
Mineral nutrition and fertilizers: Organic matter, phosphates. 
Cultivation techniques: Density of planting, date of planting. 
Control of pests, diseases, and weeds. Production systems. 
Publications. Soybeans were grown and research conducted 

in the following countries and areas: Senegal, Cameroon, 
Benin, French Guiana (Guyane), Ivory Coast, Upper Volta, 
Togo, Madagascar, and [French] Polynesia (Papara station, 
in Tahiti). Varieties mentioned include: Amsoy, Coker 240, 
Forrest, Hardee, IAC 2 (Brazil), ISRA 26/72, ISRA 44A/73, 
Jupiter, and Williams.
 The introduction discusses world soybean production, 
which in 1980 was 10% less than in 1979 but 80% more than 
in 1970. Only four countries produce more than 1 million 
metric tons of soybeans a year: USA 48.31 million. Brazil 
15.128 million. China 13.735 million. Argentina 3.240 
million. It is interesting to note that in 1970 Brazil produced 
only 1.5 million tonnes and Argentina only 40,000 tonnes. 
The average soybean yield worldwide is 1.5 tonnes/ha. It is 
about 1.8 tonnes in the USA, Brazil and Argentina.
 In 1979 world exports of whole soybeans was 25 million 
tonnes, with the USA exporting 21 million, Argentina 2.8 
million, and Brazil 0.6 million. Soybean production in 
Africa is 240,000 tonnes, of which 75,000 tonnes comes 
from Nigeria. Nevertheless, projects for the development of 
soybean production are underway in several other African 
countries: Madagascar, Cameroon, Togo, and Upper Volta 
(where this “new product” is used in making a traditional 
food product). Address: 110, rue de université, 75007 Paris 
550.32.10, France.

2269. Saint-Macary, H. 1981. Essais inoculation et survie 
du Rhizobium japonicum, Cameroun, Guyane [Inoculation 
and survival trials of Rhizobium japonicum in Cameroon 
and French Guiana]. Montpellier, France: IRAT. 11 p. Plus 
appendixes. [Fre]*

2270. Ageeb, O.A.A.; Khalifa, F.M. 1981. Irrigated soybean 
production in the Sudan. INTSOY Series No. 20. p. 173-
78. W.H. Judy and J.A. Jackobs, eds. Irrigated Soybean 
Production in Arid and Semi-Arid Regions (College of 
Agric., Univ. of Illinois at Urbana-Champaign). [2 ref]
• Summary: Contents: Introduction. Production technology: 
Varietal testing, seeding time, plant spacing, row spacing, 
seeding rate, fertilization and inoculation, irrigation, plant 
protection. Organization: Research facilities.
 Sudan has great potential for growing soybeans. The 
country is a “large exporter of vegetable oil and oil seeds. 
Soybeans are looked on by planters as a crop for the future 
when diversifying crop production for export.” Soybean 
varieties were tested at the Gezira Research Station, Wad 
Medani, between 1973 and 1977. Yields of over 2,700 kg/ha 
were obtained from the Hardee LS variety in 1978. Address: 
1. Senior Agronomist, Gezira Research Station, Wad Medani, 
Sudan; 2. Kenana Research Station, Abu Naama, Sudan.

2271. Allen, O.N.; Allen, Ethel K. 1981. The Leguminosae: 
A source book of characteristics, uses, and nodulation. 
Madison, Wisconsin: The University of Wisconsin Press. lxiv 
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+ 812 p. Illust. Indexes. 24 cm.
• Summary: Contents: Preface. Introduction: The 
family Leguminosae, the genus Rhizobium, root nodule 
phenomenon. Overview of the study: The generic synopses, 
the nodulation survey data. Acknowledgments. The 
Leguminosae (p. 3-704, arranged alphabetically by genus). 
Appendices: Summary of nodulation data (Mimosoideae, 
Caesalpinioideae, Papilionoideae). References. Illustration 
credits. Index of common names. General index.
 “The Family Leguminosae: This enormous plant 
family, with a worldwide distribution, has a currently 
estimated 16,000 to 19,000 species in about 750 genera. 
In economic importance it is second only to the grasses, 
Gramineae; in size, only to the Orchidaceae and the 
Compositae. Taxonomists conventionally have divided the 
family into three clearly distinct subfamilies, Mimosoideae, 
Caesalpinioideae, and Papilionoideae; division has been 
based mainly on fl oral differences...” Characteristics of the 
family and of the 3 subfamilies are discussed (p. xiv-xv).
 A detailed discussion of the genus Glycine is given 
on p. 302-05. It contains 10 species, all perennial twining 
herbs except for Glycine max, which is an erect annual. The 
taxonomic status of the genus Glycine has been a complex 
issue for many years. At one time 323 species, subspecies, 
and varieties were listed in Index Kewensis. The soybean is 
one of the few select crops to which a monthly journal, The 
Soybean Digest, is devoted. Nodulation studies: “The causal 
organism of soybean nodules was fi rst isolated and described 
by Kirchner (1895 [1896]). These organisms were known as 
Bacterium (Rhizobacterium) japonicum Kirchner until 1926, 
when Rhizobium japonicum (Kirchner) Buchanan became 
the accepted name (Buchanan 1926). Until Leonard’s report 
(1923), the opinion prevailed that soybean rhizobia were 
markedly host specifi c.” Complex evidence then began to 
accumulate showing reciprocal infectiveness of soybean, 
cowpea, and lupine rhizobia on each other’s host plants, but 
interchangeability is not perfect and is often only unilateral. 
Yields of soyabean in North America were poor until soil 
containing compatible rhizobia was imported from Japan 
[in about 1893]. “In Malawi and Indonesia, where soybean 
is not endemic, 3 years were required to establish soybean 
rhizobia in suffi cient numbers to provide good crop returns.” 
G. wightii has ever-increasing potential as a pasture crop. 
Its common name, Rhodesian kudzu vine, denotes its 
acceptance in tropical and subtropical agriculture.
 In Aug. 1978 an International Legume Conference was 
held at the Royal Botanic Gardens to try to resolve important 
taxonomic issues within the family, such as elevation of 
subtribes to full tribal status. Address: Univ. of Wisconsin.

2272. Ayanaba, A. 1981. Rhizobium and its utilization in 
African soils. In: S.O. Emejuaiwe, O. Ogumbi, and S.O. 
Sanni, eds. 1981. Global Impacts of Applied Microbiology, 
GIAM VI. London, New York, etc.: Academic Press. xlii + 

652 p. See p. 85-95. [8 ref]
• Summary: “Abstract: The use of Rhizobium japonicum in 
African soils is treated because available evidence shows 
soybeans to be most responsive to seed inoculation. Some 
soybean cultivars respond positively to inoculation in 
terms of increased nitrogen fi xation and grain yield. Some 
cultivars are non-responsive because they are modulated 
by indigenous rhizobia, which also effectively nodulate 
cowpea.”
 Page 94: “There are countries which have undertaken to 
produce thousands of hectares of soybean, without the back-
up of a local inoculant facility. Zambia, Malawi, Zimbabwe 
and Egypt are ahead of the rest of Africa in that they have 
inoculant production facilities to meet local demands. West 
Africa is far behind East Africa in this regard.”
 “I take this opportunity to appeal for a meeting of 
African Soil Microbiologists and legume specialists 
concerned with the use of inoculants to come together to 
formulate and implement a well-coordinated programme. 
They should take stock of legumes requiring inoculation. 
They could arrange the regional production and control of 
inoculants. Africa’s declining food production is due in no 
small way to the failure of its workers to coordinate and 
implement programmes.” Address: International Inst. of 
Tropical Agriculture, P.M.B. 5320, Ibadan, Nigeria.

2273. Germani, Gaetano. 1981. Pathogenicity of the 
nematode Scutellonema cavenessi on peanut and soybean. 
Revue de Nematologie 4(2):203-208. [8 ref. Eng; fre]
• Summary: This parasitic nematode negatively affected all 
parts of both peanut and soybean plants, as measured by dry 
weight of shoot and roots, by the number and dry weight 
of nodules, and by the symbiotic nitrogen fi xation. Cortical 
cells of the roots infected by this nematode showed necrotic 
symptoms. Address: Laboratoire de Nematologie, ORSTOM, 
B.P. 1386, Dakar, Senegal.

2274. Germani, Gaetano; Ollivier, B.; Diem, Hoang Gia. 
1981. Interaction of Scutellonema cavenessi and Glomus 
mosseae on growth and N2 fi xation of soybean. Revue de 
Nematologie 4(2):277-280. [25 ref. Eng; fre]
• Summary: Scutellonema cavenessi is a parasitic 
nematode and Glomus mosseae is a vesicular arbuscular 
mycorrhiza. In combined inoculations of soybeans with 
both organisms, development of mycorrhizae nullifi ed the 
stunting and the reduction of nitrogen fi xation caused by 
the nematode. Growth and nitrogen fi xation of mycorrhizal 
plants were greater than that of non-mycorrhizal plants. 
Address: 1. Laboratoire de Nematologie; 2-3. Laboratoire de 
Microbiologie. All: ORSTOM, B.P. 1438, Dakar, Senegal.

2275. International Institute of Tropical Agriculture. 1981. 
Annual report 1980. Ibadan, Nigeria. 185 p.
• Summary: The section titled “Soybeans” (p. 137-55), 
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within the Grain Legume Improvement Program, discusses: 
Genetic improvement, entomology, agronomy, and Tanzania 
food crops research. Address: Ibadan, Nigeria.

2276. Nabiev, T. 1981. Urozhainost’ khlopchtnika v 
zavisimosti ot predshestvennikov [Cotton yield in relation to 
preceding crops]. Khlopkovodstvo No. 4. p. 24. [Rus]
• Summary: In trials in 1978-79 in the in the Tajik SSR, 
cotton was grown after cotton, soybeans, soybeans grown 
from inoculated seeds, corn, and mung beans (Vigna radiata). 
The average seed-cotton yields, ginning percentages, 
and fi ber lengths are given for each sequence. Address: 
Sel’khozinstitut, Dushanbe, Tajik SSR.

2277. Ohyama Takuji; Owa, N.; Fujishima, Y.; Kumazawa, 
K. 1981. Nitrogen assimilation in soybean nodules IV. 
Allantoin formation and transport in relation to supply with 
various forms of combined nitrogen. Soil Science and Plant 
Nutrition (Tokyo) 27:55-64. [9 ref]
• Summary: “Soybean plants were harvested at the initial 
fl owering stage and the initial pod fi lling stage. The 
percentages of nitrogen originating from NO2 in allantoin in 
the stems, petioles and leaf blades were almost the same as 
in the nodules; however, a higher percentage was observed 
in the roots than in the other organs.” Address: Dep. of 
Agricultural Chemistry, Univ. of Tokyo, Tokyo 113, Japan.

2278. Ohyama, Takuji; Kumazawa, K. 1981. Nitrogen 
assimilation in soybean nodules V. Possible pathway of 
allantoin synthesis in soybean nodules. Soil Science and 
Plant Nutrition (Tokyo) 27(1):111-14. [20 ref]
• Summary: “The ureides, allantoin and allantoic acid, 
have been found to exist in a wide variety of plant species 
usually in very small amounts, but in some species they play 
an important role in the storage and transport of nitrogen 
(19). In soybean plants, a very high content of allantoin 
has been demonstrated in the stems or shoots, only when 
the nodulation was well progressed (3, 8, 9, 11, 12, 18).” 
Address: Dep. of Agricultural Chemistry, Univ. of Tokyo, 
Tokyo 113, Japan.

2279. Polhill, R.M.; Raven, P.H. eds. 1981. Advances 
in legume systematics. 2 parts. Royal Botanic Gardens, 
Kew, Richmond, Surrey TW9 3AE, England. Ministry or 
Agriculture, Fisheries, and Food. xvi + 1049 p. Volume 2 of 
the Proceedings of the International Legume Conference, 
held 24-29 July 1978 at Kew, England.
• Summary: Contents: Contributors. Preface. Introduction: 
Evolution and systematics of the Leguminosae, by R.M. 
Polhill, P.H. Raven and C.H. Stirton. Biogeography of the 
Leguminosae, by P.H. Raven and R.M. Polhill. Evolutionary 
relationship of the Leguminosae, by W.C. Dickison.
 Taxonomic part: Supplement to Hutchinson’s ‘The 
Genera of Flowering Plants... [The following chapters 

contain material on the genus Glycine]: Phaseolae, by J.A. 
Lackey.
 Special aspects: Cytology and phylogeny of the 
Leguminosae, by P. Goldblatt. Non-protein amino acids in 
the Leguminosae, by E.A. Bell. Serological systematics of 
the Leguminosae, by G. Cristofolini. Protease inhibitors in 
the Leguminosae, by J.K.P. Weder. Lectins in Leguminosae, 
by G.C. Toms. Phytoalexin induction and its taxonomic 
signifi cance in the Leguminosae (subfamily papilionoideae), 
by J.L. Ingham. Terpenoids in the Leguminosae, by J.H. 
Langenheim. Functional evolution in some papilionoid root 
nodules, by J.I. Sprent. Sieve-element plastids and crystalline 
P(hloem)-Protein in Leguminosae: Micromorphological 
characters as an aid to the circumscription of the family 
and subfamilies, by H.-D. Behnke and L. Pop. Breeding 
systems and pollination biology in Leguminosae, by 
M.T. Kalin Arroyo. Anatomical studies of legume pods–a 
possible tool in taxonomic research, by J.S. Pate and J. Kuo. 
Seeds of Leguminosae, by C.R. Gunn. Cotyledons of the 
Leguminosae, by D.L. Smith.
 “The Leguminosae (or Fabaceae) comprise 650 genera 
and 18000 species and are the largest family of fl owering 
plants after the Compositae and Orchidaceae.” Address: 1. 
The Herbarium, Royal Botanic Gardens, Kew, Richmond, 
Surrey TW9 3AE, England; 2. Missouri Botanical Garden, 
P.O. Box 299, St. Louis, Missouri 63166.

2280. Polhill, R.M.; Raven, P.H.; Stirton, C.H. 1981. 
Evolution and systematics of the Leguminosae. In: R.M. 
Polhill and P.H. Raven, eds. 1981. Advances in Legume 
Systematics. Royal Botanic Gardens, Kew, Richmond, 
Surrey TW9 3AR, England. xvi + 1049 p. 2 parts. See p. 
1-26. Part I. [24 ref]
• Summary: Contents: Introduction. The main radiation. 
Constraints. Canalisation of the fl ower structure. Canalisation 
of other parts: Root nodules, fruits, seeds, seedlings, defence 
systems, chromosomes. Rates of evolution and extinction. 
Systematic implications.
 “The Leguminosae (or Fabaceae) comprise 650 genera 
and 18,000 species and are the largest family of fl owering 
plants after the Compositae and Orchidaceae. Compared 
with those families and many others, the Leguminosae are 
notably ‘generalists’, ranging from forest giants to tiny 
ephemerals... In general the evidence of this volume would 
seem to support the concept of a single family” within the 
Leguminales, rather than three or two.
 The legumes seem to have evolved in three major 
phases of evolution. The surviving genera of legumes 
have developed “complex chemical and biological defence 
systems, sophisticated symbiotic relationships with 
Rhizobium and ectotrophic mycorrhizae, and elaborate 
mechanisms to make and break dormancy of hard seeds” (p. 
21).
 Note: With respect to mycorrhiza, ectotrophic means 
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growing in a close web on the surface of the associated 
root. Address: 1. Royal Botanic Gardens, Kew, Richmond, 
England; 2. Missouri Botanical Garden, St. Louis, Missouri, 
USA; 3. Botanical Research Inst., Pretoria, South Africa.

2281. Ranga Rao, V.; Ayanaba, A.; Eaglesham, A.J.; 
Kueneman, E.A. 1981. Exploiting symbiotic nitrogen 
fi xation for increasing yields in Africa. In: S.O. Emejuaiwe, 
O. Ogumbi, and S.O. Sanni, eds. 1981. Global Impacts of 
Applied Microbiology, GIAM VI. London, New York, etc.: 
Academic Press. Held 30 Aug. to 7 Sept. 1980 in Lagos, 
Nigeria. xlii + 652 p. See p. 153-67. [14 ref]
• Summary: “The cultivars of Asiatic origin nodulated well 
with indigenous rhizobia in the uninoculated treatments 
and did not show statistically signifi cant increases in the 
grain yield when inoculated. The potential benefi ts of using 
inoculants and the need to develop agronomically superior, 
high yielding cultivars capable of utilizing indigenous 
rhizobia are discussed.”
 African countries already involved in soybean 
cultivation include Nigeria, Ivory Coast, Rwanda, Tanzania, 
Zambia, and Zimbabwe. Address: International Inst. of 
Tropical Agriculture, Ibadan, Nigeria.

2282. Sprent, Janet I. 1981. Functional evolution in some 
papilionoid root nodules. In: R.M. Polhill and P.H. Raven, 
eds. 1981. Advances in Legume Systematics. Royal Botanic 
Gardens, Kew, Richmond, Surrey TW9 3AR, England. xvi + 
1049 p. 2 parts. See p. 671-76. Part 2. [10 ref]
• Summary: Contents: Introduction. Characteristics to 
be considered: Growth form, structure of infected cells, 
nature of export products. Comparison of nodules of the 
Vicieae and Phaseoleae. Evolution from galegoid ancestors. 
Concluding remarks. Acknowledgments. Address: Dep. of 
Biological Sciences, Univ. of Dundee, Scotland.

2283. Viner, R.; Prasad, M.; Nath, R.; Kumar, H.; Prasad, R.; 
Nand, S. (Mrs). 1981. Pulses and dry zone crops. Fiji Dep. 
of Agriculture, Annual Research Report For the year 1980. p. 
22-25.
• Summary: The following pulses and dry zone crops were 
tested: Soyabean (also spelled “soya beans”), mung, pigeon 
pea, cowpea, sorghum, maize. Note that testing of peanuts 
was discontinued.
 The subsection on soyabeans discusses: Variety trials, 
rhizobium trials, variety trial #2, spacing x time of sowing, 
herbicide trial. “Three Intsoy variety trials were laid out, 
one at Bua in March, and two at Legalega Station in 
January and March. There were signifi cant yield differences 
between treatments within the trials, but in the combined 
analysis there was no signifi cant difference in yield. Poor 
seed germination reduced plant stand for some of the more 
promising lines. January sowing gave higher yields, but seed 
quality was poor.” At Legalega, the highest yields came from 

Bossier (2,320 kg/ha; Jan. sowing). Rillito (2,080 kg/ha; Jan. 
sowing). Williams (1,810 kg/ha; Jan. sowing). In a combined 
analysis of 3 trials, Bossier gave the highest yields (1,450 kg/
ha). Address: Fiji.

2284. Windish, Leo G. 1981. The soybean pioneers: 
Trailblazers, crusaders, missionaries. Galva, Illinois: 
Published by the author. viii + 239 p. Illust. No index. 26 cm.
• Summary: Contains many interesting biographies, often 
based on the author’s fi rst-hand knowledge. Contents: 
Section I: 1. A time to pause and refl ect. 2. Dr. W.B. Morse. 
3. The Cinderella crop of this century and some orchids long 
overdue. 4. First soybean crushing plant (Hull, England; 
Seattle, Washington; Elizabeth City, North Carolina). 5. 
George M. Strayer (Contains a good history of the American 
Soybean Association and Strayer’s role in it). 6. Ersel 
Walley. 7. Dr. Harry Miller. 8. Henry Ford. 9. Northern 
Regional Research Laboratory. 10. Dr. Reid Milner. 11. 
Soybeans in China. 12. The fi rst combine harvesters, the 
western migration, and the passing of an era (a good history 
of combines in the USA from the 1850s to the present). 13. 
Prof. W. Ralph Nave (agricultural engineer, specializing in 
improving combine design for harvesting soybeans). 14. 
Soybean harvesting equipment.
 Section II: 15. August Eugene Staley, Sr. 16. Eugene D. 
Funk, Sr. (and the Peoria Plan, p. 74). 17. Dale W. McMillen 
[of Central Soya]. 18. Jacob Hartz, Sr. 19. Archer-Daniels-
Midland Company, Inc. 20. Jay Courtland Hackleman. 21. 
Dr. Robert W. Howell. 22. Dr. W.O. Scott. 23. Program. 
24. Crop improvement associations. 25. Illinois Crop 
Improvement Association. 26. Professor Emeritus Alvin L. 
Lang. 27. Morrow Plots.
 Section III: 28. Dr. Clyde Melvin Woodworth. 29. Dr. 
R.L. Bernard. 30. Theodore Hymowitz. 31. A reluctance to 
accept change or progress. 32. Episodes. 33. Russian Tour. 
34. South Farm buildings. 35. Soybeans again assert their 
value. 36. Taylor Fouts. 37. Excerpts from the Mumford 
Files. 38. Excerpts from the Hackleman Files. 39. Soybean 
variety and inoculation demonstrations. 40. The frosted green 
soybean dilemma. 41. Soybeans in the Deep South. 42. Mr. 
H.G. [sic, George Heartsill] Banks. 43. Dr. E.E. Hartwig. 
44. U.S. soybean production. 45 Aquaculture... the world’s 
untapped resource, by Julian M. Weiss (Based on an article 
in the Dec. 1980 / Jan. 1981 issue of From Lion magazine. 
“While the history of fi sh farming is traced back to 500 
B.C. when Chinese seafarers were successful in breeding 
carp, interest in improving technology fell behind other 
innovations. 1974 to 1979 the harvest from aquaculture more 
than doubled to nearly 7 million metric tons...”). 46. Almost 
a century of progress. About the author (autobiographical): 
Leo Gilbert Windish was born in 1909. A retired seedsman, 
he attended the University of Illinois in 1927 and 1928. He 
was close friends with Hackleman, and wrote this book in 
fulfi llment of a promise he made to Hackleman, whom he 
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described as “the soybean’s greatest missionary.” Windish 
also knew Burlison (the fi rst to promote soybeans heavily) 
and Woodworth (the fi rst soybean geneticist).
 Note: Most of the chapters about people contain a 
portrait photo of the person on the fi rst page. Address: 101 
Exchange St., Galva, Illinois 61434.

2285. Windish, Leo G. 1981. Jacob Hartz, Sr.: Pioneer 
seedsman, soybean processor, trailblazer and crusader in 
the Midsouth (Document part). In: Leo Windish. 1981. The 
Soybean Pioneers: Trailblazers, Crusaders, Missionaries. 
Galva, Illinois: Published by the author. viii + 239 p. See p. 
91-95. Chap. 18.
• Summary: A good history of this pioneer seedsman. “Few 
soybean pioneers worked harder than Hartz to promote 
soybeans in the south.” “As early as 1925 the Hartz-Thorell 
Co. brought in forage types of soybeans and, with the 
assistance of the People’s National Bank, gave soybeans to 
key farmers on a trial basis to fi nd out if they were suitable 
for production in Arkansas county. The forage varieties 
were used principally for hay, silage, and for turning under 
as a green manure crop. Hartz had several motives in mind 
in inaugurating a new crop in the area.” First, he saw at a 
very early date that rice farmers in the area “were badly in 
need of a crop to help change the rotation, help rid the land 
of the plague of watergrasses, and, perhaps of even greater 
importance, to restore nitrogen to the soils.” Second, Hartz-
Thorell was in the farm machinery business and wanted to 
create a need and demand for row-crop equipment.
 Among the more popular soybean varieties in the South 
in the early 1930s were Otoosan, Virginia, Laredo, Biloxi, 
and Mammoth Brown. Soybeans seemed to be an ideal crop 
for rotating with rice, and they gave the rice farmer a second 
cash crop.
 “Production of soybeans for seed and forage in Arkansas 
county continues to grow in the early 1930’s, and it was 
necessary for marketing facilities to be provided, rather than 
storage on the farm and hit-and-miss buying and selling. 
The Hartz-Thorell Supply Co. in 1936 undertook building 
the fi rst elevator, principally for seed, in time for the fall 
harvest.” This elevator, with a capacity of approximately 
70,000 bushels, was completed at a cost of $40,000 in 
time for the harvest. By 1937 more than 60,000 acres were 
planted to soybeans in the Stuttgart area. Hartz said: “From 
the start we promised our farmers a cash market for all beans 
they would bring to us in marketable condition and suitable 
for seed purposes.”
 “Hartz shipped the fi rst carload of soybeans for 
processing and milling purposes in June 1937, and Hartz 
reported in an address later that they expected to ship 25 
carloads or more above seed requirements.”
 In 1937 Hartz predicted in an address: “In my opinion, 
I see soybeans as one of the major crops in the South in the 
next ten years.” Note: He was one of the fi rst to realize this, 

and his prediction came true. “Our basis of prediction for 
soybeans being one of the major coming crops of the south 
was based on three fundamental facts: First the adaptability 
of the plant in all cotton- and corn-growing sections of the 
south; second, the recognized value of soybeans by farmers 
as a land-builder and forage crop; and third, the cottonseed 
crushing industry of the south was highly over-industrialized 
and was clamoring for an auxiliary product which would 
keep their plants operating through the off-season and slack 
periods. This situation was even more pronounced since the 
Farm Bill was passed, curtailing the cotton acreage about one 
third.”
 Jacob Hartz worked closely with his friend George 
Heartsill Banks, who was director of fi eld service for the 
Arkansas Cotton Growers Cooperative Association from 
1921 to 1926 in Little Rock, Arkansas. He was Director in 
Charge of the Rice Branch Experiment Station at Stuttgart, 
Arkansas, from 1926 to 1937. He was with Ralston Purina 
Co. at Osceola, Arkansas and Kansas City, Missouri, from 
1937-1946. Banks liked to refer to soybeans “as being the 
triple-threat crop of legume plants, fi rst as a soil builder, 
second as a forage crop, and third as a grain crop.”
 In 1965 Hartz had 110 certifi ed growers, primarily in 
Arkansas, supplying the company with certifi ed soybean 
seed. Address: 101 Exchange St., Galva, Illinois 61434.

2286. Windish, Leo G. 1981. Dr. E.E. Hartwig, Research 
Agronomist, Crops Division, Agricultural Research Service, 
U.S. Department of Agriculture, Delta Branch Experiment 
Station, Stoneville, Mississippi (Document part). In: 
Leo Windish. 1981. The Soybean Pioneers: Trailblazers, 
Crusaders, Missionaries. Galva, Illinois: Published by the 
author. viii + 239 p. See p. 223-25. Chap. 43.
• Summary: A good, detailed biography of this pioneering 
USDA soybean breeder and germplasm collection curator.
 “No history of soybean pioneering would be complete 
without acclaiming the research work of Dr. E.E. Hartwig 
and his colleagues. Great credit is due all of the research 
personnel at the agricultural experimental stations in each 
of those states in the south. The use of soybeans throughout 
the south in a relatively short period of time spread like a 
‘prairie fi re.’ In fact, we might borrow a word from a popular 
TV show and term the growth of soybeans in the south as 
‘incredible.’
 “Perhaps one the key factors in the rapid increase 
can be attributed to the introduction of new varieties, 
increased yields, phytophthora resistance, and Bedford, a 
new soybean resistant to cyst nematodes. Bedford is the 
result of the cooperative efforts of two ARS USDA research 
workers, E.E. Hartwig located at the MAPES Delta Branch, 
Stoneville, Mississippi, and James Epps, located at the West 
Tennessee Experiment Station at Jackson.
 “Dr. E.E. Hartwig’s reply to our letter seeking 
information on the early use of soybeans in the south, is 
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reprinted. Here is Dr. Hartwig’s most interesting reply:
 “Dear Mr. Windish: I have your letter of January 21 
in which you state that you are working on a history of 
the soybean in the U.S. and would be interested in having 
additional background information on the soybeans in the 
south. I began my work with North Carolina in March, 
1943. The major varieties being grown in North Carolina at 
that time were Haberlandt, Tokyo, and Woods Yellow. All 
shattered very readily as soon as they had reached maturity. 
We had a small increase of the variety Ogden which was 
developed in Tennessee. Ogden was a better producer than 
the older varieties, but also shattered very soon after reaching 
maturity and had green seed coats which were objected to 
by the Japanese buyers when they had indicated they were 
buying yellow soybeans.
 “In 1943, there were still some one-row harvesters in 
operation in North Carolina. These harvesters were pulled 
by a pair of mules and had a beater which rotated and hit the 
plants and knocked out the seed. From this standpoint the 
shattering characteristic of the varieties made this method 
of harvest workable. However, seed fl ew in all directions 
and only a portion of the seed went into the container on the 
harvester.
 “A moderate size acreage of soybeans to be harvested 
for hay was grown in many of the southern states. Many of 
these were black seeded and had a rather viney plant type. As 
growers later shifted to growing types of seed for harvest, the 
nodulating bacteria had already been established in the soil 
through the growing of hay varieties.
 “Many of the varieties introduced from northwestern 
China, where soybeans were being grown for grain 
production, were well suited for production in the north 
central states. Consequently, production was started in that 
area through the growing of direct introductions from China. 
However, there was no comparable grain producing region 
in China or Korea having a latitude similar to the southern 
U.S. and, consequently, it was necessary to develop varieties 
for production in the south before the crop could gain 
acceptance.
 “As I view the situation, shattering of seed at maturity 
was not a problem to the Asiatic farmer since he would 
usually have less than one acre as his total crop, which could 
be cut slightly green and, with the shattering characteristic, 
it was easier to tramp out the seed. For our mechanized 
harvesting it was essential to have seed holding.
 “I transferred to Mississippi in 1949. At that time there 
was a small acreage of soybeans planted for harvest in 
the State of Mississippi. The Ogden variety was the best 
producer. However, growers regularly reported that harvested 
yield went down each day of harvest because of shattering. 
When we released the Lee variety in 1954, we stated it 
would hold its seed six weeks after it was ready for combine 
harvesting. Farmers were very skeptical and some left a few 
rows standing the fi rst time they grew them just to see how 

long it might hold its seed.
 “At the time we started our breeding program to 
develop improved types in 1943, we also initiated studies on 
cultural practices. By the time interest began to develop in 
soybean production in the mid-1950’s, we had information 
showing that planting should not be made before day length 
reached 14½ hours in early May and also information on 
rate of planting, and so forth. Many of our growers had 
been interested in planting in early April in order to get 
the planting out of the way before they were to start cotton 
planting. These early plantings gave very poor results 
because of early fl owering being initiated by the shorter days 
of early April.
 “We have attempted to develop a series of varieties 
covering a range of maturity so that larger growers could 
plant a sequence of varieties covering a range of maturity of 
nearly one month. We have also developed varieties giving 
proper maturity for the different production regions. We 
have also had to give considerable attention to building in 
resistance to diseases and nematodes and now, also giving 
attention to building a resistance to leaf feeding insects.
 “I am enclosing descriptive material of several of the 
varieties that we have released over the years. Should you 
have additional questions, I would be glad to attempt to 
answer them for you.
 “Sincerely, Edgar E. Hartwig, Research Agronomist.”
 A small portrait photo shows Dr. Edgar E. Hartwig. 
Address: 101 Exchange St., Galva, Illinois 61434.

2287. Leng, Earl R. 1982. Re: Answer’s to Shurtleff’s 
“Questions on soy history in India.” Letter to William 
Shurtleff at Soyfoods Center, Jan. 25. 1 p. Typed, without 
signature. [2 ref]
• Summary: Prof. Leng gives detailed answers to these four 
questions: (1) In 1963-64 soybean trials started at Pantnagar 
with little success. Who initiated and was in charge of these? 
Was the University of Illinois involved? Ans: “The 1963-64 
‘trials’ at Pantnagar weren’t really trials, but modest attempts 
by Ed Bay (extension adviser) to see if soybeans would grow 
there. Sowings on the fl at and ridges were tried; the ridges 
seemed to perform better. Yields were very low (c. 10 bu/
acre).
 (2) When did the University of Illinois fi rst become 
involved with soybean trials in India? Ans: “In 1965, after 
W.D. Buddemeier and I had decided to put a soybean project 
into our programs at Pantnagar and Jabalpur, we planted 
fi eld trials at both locations. The Jabalpur trials were not 
successful; some varieties (notably Clark 63) did fairly well 
at Pantnagar. We brought in 60 bushels of seed for trials in 
1966.” Results are described in: Leng, Earl R. 1969. “U.S. 
soybeans perform well in India.” Illinois Research. Fall. p. 
10-11. Leng was in charge of the Pantnagar fi eld trials in 
1965 and 1966.
 “In retrospect, it is clear that yield levels rose sharply as 
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we learned how to inoculate and as we re-grew soys on the 
same fi elds so that inoculum built up. I’m sure this was the 
key to low yield on ‘new’ soybean fi elds in India. The same 
was initially the case in Brazil. Chemical analysis of seeds 
showed this clearly.”
 (3) In 1978 A.I. Nelson wrote: “In 1966 a 
comprehensive project, supported by the Midwest 
Consortium for International Activities, was undertaken 
to determine if soybeans could be grown with satisfactory 
yields in India.” What was this comprehensive project and 
what were the results? Ans: The “comprehensive project” 
was organized at the University of Illinois in 1966, by Dr. 
M.B. Russell, Experiment Station Director, and Dr. Reid 
Millner, Head, Food Science Department. When I returned 
from India late in 1966, I took over direction of the project 
as Assistant Director to Dr. Russell. In 1968, I moved to 
the position of Assistant Director, International Agricultural 
Programs, under Dr. Buddemeier. Control of the India 
project was passed to that offi ce, as part of PIRIDS (Program 
for International Research and Development of Soybeans). 
This designation was briefl y changed to CINTSOY (Center 
for International Soybeans) in 1971 and then to INTSOY. 
See 1969 paper (cited above) for more details. Also: Leng, 
Earl R. 1968. “Soybeans–Potential for extension to areas of 
protein shortage.” Economic Botany 22(1):37-41. March.
 (10) Anything else you would like to mention? Ans: 
“You may (or may not) want to mention that in the late 
1960s, with help from the Illinois project, the Oil Mills 
division of Swift & Co. (now Esmark) developed detailed 
plans for a major, modern solvent extraction plant near 
Delhi. This was in collaboration with Modi Industries, a 
major cloth and fi ber manufacturer. The central board of 
directors of Swift vetoed this plan more or less at the last 
minute and it was never implemented. Had it been, I am sure 
that India would today parallel Brazil (though on a smaller 
scale) as a major soybean producer.”
 Note: E.R. Leng was at Pantnagar from Nov. 1964 to 
Oct. 1966. Address: Prof. of Agronomy, Univ. of Illinois, 
Urbana, Illinois.

2288. Bauer, Wolfgang D.; Evans, William R. 1982. The 
basis for the competitiveness of Rhizobium japonicum in 
the nodulation of soybean. Yellow Springs, Ohio: Charles F. 
Kettering Research Lab. 9 p. Incremental Funding Request 
DE-AC02-81ER10895. Submitted Jan. 8.

2289. Jordan, D.C. 1982. Notes: Transfer of Rhizobium 
japonicum Buchanan 1980 to Bradyrhizobium gen. 
nov., a genus of slow-growing, root nodule bacteria 
from leguminous plants. International J. of Systematic 
Bacteriology 32(1):136-39. Jan. [34 ref]
• Summary: “Recent data indicate that the slow-growing, 
non-acid-producing root nodule bacteria of leguminous 
plants should be separated from the fast-growing, acid-

producing strains and placed in a new genus... The name 
proposed for the new genus is Bradyrhizobium. The type 
species of the genus is B. japonicum...”
 Note: This is the earliest document seen (Sept, 2018) 
which uses the scientifi c name Bradyrhizobium japonicum 
for the slow-growing soybean root nodule bacterium so 
widespread in North America. It had previously been 
named Rhizobium japonicum. The prefi x “Brady” comes 
from the Greek adjective bradus meaning “slow.” Address: 
Microbiology Dep., College of Biological Science, Univ. of 
Guelph, Guelph, ONT, Canada N1G 2W1.

2290. Kuykendall, L. David; Devine, T.E.; Cregan, P.B. 
1982. Positive role of nodulation on the establishment of 
Rhizobium japonicum in subsequent crops of soybean. 
Current Microbiology 7(2):79-81. Jan. [8 ref]
• Summary: “The results clearly demonstrate that nodulation 
with the specifi c host plant (soybeans) has a signifi cant 
positive role in the establishment of Rhizobium in 
Rhizobium-free soil and suggests that alfalfa plants diminish 
the establishment of soybean rhizobia in soil.” Address: Cell 
Culture and Nitrogen Fixation Lab., Plant Physiology Inst., 
Beltsville Agricultural Research Center, Beltsville, Maryland 
20705.

2291. Kueneman, E.A. 1982. Soybean improvement at IITA, 
1981. In: Proceedings of the Second National Meeting of 
the Nigerian Soybean Scientists. 95 p. See p. 77-95. Held at 
the Institute for Agricultural Research, Ahmadu Bello Univ., 
Zaria [Nigeria] 19-20 Feb. 1982. Publication No. II.
• Summary: The principal objective of the soybean 
improvement program at IITA is to develop varieties that 
combine good seed longevity with the ability to nodulate 
with indigenous rhizobia. In West Africa, the most promising 
region for the expansion of soybean production is the 
Southern Guinea Savanna, where rainfall is relatively 
dependable and monomodal. In Nigerian nurseries at 
Mokwa, Ilora, Ilorin, Ibadan, Gusau, Yandev, Onne, and 
Mkar new breeding lines are being tested for agronomic 
merit, yield potential, response to various weathering 
treatments (unweathered, fi eld weathered, incubator 
weathered, wet bag weathered), soil texture and fertility, 
fertilizer, and aluminum toxicity in acid soils. Address: IITA, 
PMB 5320, Ibadan, Nigeria.

2292. Keyser, Harold H.; Bohlool, B.B.; Hu, T.S.; Weber, 
D.F. 1982. Fast-growing Rhizobia isolated from root nodules 
of soybean. Science 215(4540):1631-32. March 26. [18 ref]
• Summary: Abstract: Collected in China, these “new 
isolates are physiologically distinct from slow-growing 
soybean rhizobia. They formed effective nitrogen-fi xing 
associations with wild soybean and an unbred soybean 
cultivar from China, but were largely ineffective as nitrogen 
fi xing symbionts with common commercial cultivars of 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   864

© Copyright Soyinfo Center 2018

soybeans.”
 The cross-inoculation group concept fails to encompass 
the several known examples of specifi city within a legume 
host species. For example, Rhizopus fredii strains can 
effectively nodulate wild soybean cultivars found in China 
but, are frequently either unable to induce nodules, or the 
nodules formed are ineffective on the improved soybean 
cultivars found in North America.
 Note 1. This is the earliest document seen (Sept. 2018) 
with “Fast-growing” in the title in connection with nitrogen-
fi xing bacteria.
 Note 2. This is the earliest document seen (Aug. 2018) 
that mentions Rhizopus fredii, a new species of nitrogen 
fi xing bacteria. Address: 1&4. USDA ARS, Cell Culture 
and Nitrogen Fixation Lab., Beltsville, Maryland; 2. 
Microbiology Dep., Univ. of Hawaii, Honolulu 96822; 3. 
China.

2293. Khan, A. Rahman; Qayyum, A. 1982. [Soybeans in] 
Pakistan. INTSOY Series No. 22. p. 159-65. J.B. Sinclair 
and J.A. Jackobs, eds. Soybean Seed Quality and Stand 
Establishment (College of Agric., Univ. of Illinois at Urbana-
Champaign).
• Summary: Contents: Introduction. Production technology. 
Cultural practices. Cropping patterns. Fertilizer. Rhizobium 
inoculum. Mechanization. Irrigation. Plant protection. Seed 
production program. Yield. Cost of production. Constraints. 
Organizations. Research facilities. Discussion.
 “Pakistan is defi cient in the production of edible oil. 
National edible oil consumption, increasing at an average 
rate of 50,000 tons annually, reached a level of 713,000 
tons in 1980-81. With an increased per capita demand for 
vegetable ghee and a population growth of more than 3 
percent per annum, the demand for crude vegetable oil will 
rise to 892,000 tons by 1984-85...
 The principal indigenous oilseed crops are cottonseed, 
followed by rape and mustard seed. Three new oilseed crops 
are sunfl owers, soybeans, and saffl owers, “all of which were 
introduced and tested during the early 1960s. Their economic 
production was established about a decade ago” [i.e. about 
1971].
 “Soybeans have been the most successfully grown 
of the newly established crops, and growers have shown 
more enthusiasm for this crop than the others. Attempts at 
developing commercial acreage have been most successful 
in the high-rainfall northern areas and in the irrigated central 
and southern areas of the country...
 “With increased production, problems connected with 
the disposal of soybean meal after oil extraction may arise.”
 Soybean production in Pakistan rose from 443 tons on 
957 hectares in 1974, to an estimated 2,052 tons grown on 
about 4,000 ha in 1979-80. Lee 68 has given the highest 
yields, 4,321 kg/ha in 1974. But farmers’ average yield is 
only 511 kg/ha. 

 A map of Pakistan shows the soybean growing areas.
 Note: This document contains the earliest date seen 
for the cultivation of soybeans (early 1960s) after Pakistan 
became a nation. The source of these soybeans was the USA. 
Address: 1. National Coordinator, Oilseeds; 2. Research 
Offi cer, Oilseeds. Both: Pakistan Agricultural Research 
Council, Islamabad, Pakistan.

2294. Meyer, J.; Germani, G.; Dreyfus, B.; Saint-Macary, 
H.; Boureau, M.; Ganry, F.; Dommergues, Y. 1982. 
Estimation de l’effet de deux facteurs limitants (sécheresse 
et nématodes) sur la fi xation de l’azote par l’arachide et le 
soja [Estimation of the effect of two limiting factors (drought 
and nematodes) on the fi xation of nitrogen by peanuts and 
soybeans]. Oleagineux (France) 37(3):127-34. March. [27 
ref. Fre]
Address: 1. Ecole Normale Supérieure, 46, rue d’Ulm Paris, 
France; 2-3&5&7. ORSTOM/C.N.R.S., B.P.1386, Dakar, 
Senegal; 4. I.R.A.T., B.P. 5035, Montpellier, France; 6. 
I.R.A.T./I.S.R.A., Bambey, Senegal.

2295. Quebral, Florenco C. 1982. [Soybeans in] The 
Philippines. INTSOY Series No. 22. p. 166-71. J.B. Sinclair 
and J.A. Jackobs, eds. Soybean Seed Quality and Stand 
Establishment (College of Agric., Univ. of Illinois at Urbana-
Champaign).
• Summary: Contents: Introduction. Cultivar improvement. 
Planting. Inoculation and fertilization. Pests and diseases. 
Intensive cropping. Utilization. Costs and returns. Marketing. 
Marketing program. Areas that need attention. Cooperating 
agencies.
 “The domestic supply of soybeans has never been 
suffi cient to meet national demands for food, feed, and 
industrial uses. Total domestic soybean production in 
1978 was reported to be 7,099 metric tons. Approximately 
176,000 metric tons of soybeans, costing $30.8 million, were 
imported.
 “To boost domestic production, the government has 
launched projects like Masaganang Maisan, the white 
corn and feed grains program, and the National Soybean 
Development Program...
 “Researchers at the University of the Philippines at Los 
Baños have produced bottled soymilk (Philsoy) using the hot 
water grind technique... Fermented soybean products, such 
as soy sauce, soy cheese (tokwa [tofu]), soy paste (miso), soy 
curds (tahuri [tofu in brine]), and canned salted beans (tausi 
[fermented black soybeans]) are the most common soybean 
products used as ingredients in traditional Filipino dishes. 
A cheese-like product served with sugar syrup (taho) is sold 
by ambulant peddlers in urban centers.” Address: Prof. of 
Plant Pathology, College of Agriculture, the Univ. of the 
Philippines at Los Baños.

2296. Saint Macary, H. 1982. Essais inoculation et survie 
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du Rhizobium japonicum: Côte d’Ivoire, Tahiti, Congo 
[Inoculation and survival trials of Rhizobium japonicum in 
the Ivory Coast, Tahiti, and the Congo]. Montpellier, France: 
IRAT, Division d’Agronomie. 16 p. Plus 4 p. of appendixes. 
March. [Fre]
• Summary: This report is a continuation of the fi rst report 
made in March 1981. Inoculation trials with soybeans 
(not inoculated, inoculated, and inoculated with nitrogen 
fertilizer) were conducted in the following places: Station at 
Man in the Ivory Coast. Station at Gagnoa. Station at Papara 
in Tahiti. Station at Loudima, Congo.
 Generally the plate counts from the nodules were highest 
after 75 to 90 days with plain inoculation, but number of 
nodules, the dry weight of the nodules, and the dry weight of 
the plants was highest with inoculation + nitrogen fertilizer.
 Trials were also conducted at Benin. The previous trial 
at Togo was not repeated. A trial at Réunion is underway. 
Address: Montpellier, France.

2297. Wey, J.; Saint-Macary, H.; Toure, Omar. 1982. 
Inoculation du soja par le Rhizobium japonicum au Sénégal. 
Détermination de la dose d’inoculation à appliquer au 
champ [Inoculation of soybeans by Rhizobium japonicum in 
Senegal: Determination of the dose of inoculation to apply in 
the fi eld]. Agronomie Tropicale (France) 37(1):24-29. Jan/
March. [10 ref. Fre]
• Summary: Since there are no strains of Rhizobium in 
Senegal soils capable of nodulating soybeans, inoculation is 
necessary. It has been shown that inoculating the soil is better 
than inoculating the seeds directly, since the latter method 
often reduces seed germination. Two fi eld trial, in 1979 and 
1980, showed that nodulation and yields as high as those 
obtained using 10 times as much inoculum can be obtained 
with a dressing of 5 liters/ha of pure culture Rhizobium 
japonicum (1,000 million bacteria per ml), mixed with 
peat or other organic carrier. Address: 1&3. CNRA (Centre 
National de Recherches Agronomiques), B.P. 51, Bambey, 
Senegal; 2. IRAT-GERDAT, Division d’Agronomie, B.P. 
5035, 34032 Montpellier Cedex, France.

2298. Javaheri, F.; Nyemba, R. 1982. Research notes: 
Notes on soyabean nodulation with indigenous Rhizobium 
available in Zambia soils. Soybean Genetics Newsletter 
9:173-74. April.
• Summary: “In the 1977-78 season, the commercially 
grown soybean variety ‘Hernon 147’ was noticed to have 
nodulated profusely in a virgin land [never before planted to 
soybeans], without artifi cial seed inoculation. This was in the 
Mkushi area where soybean production then had just begun 
to expand. Observations made elsewhere in the country 
confi rmed that only this variety, out of the fi ve currently 
recommended, was capable of nodulating without seed 
inoculation. The effectiveness of nodulation was confi rmed 
by excellent growth, dark [green] coloured plants and 

commercial yields in excess of 2.0 tons [metric tons] per ha 
being reported by farmers. Experimental data recorded under 
best management practices, including seed inoculation prior 
to planting, confi rms that the yield potential of this particular 
variety is not much higher than 2.0 tons per ha in that area
 In 1979-80, the same observation was made in the same 
area, for a breeding line under experiment and in a farm test 
program. The line was released in April, 1981, under the 
name ‘Magoye’ as the second commercial soybean variety 
with this ability to nodulate. Excellent growth and dark-
coloured plants were observed and commercial yields in 
excess of 3.0 tons per ha were reported by farmers, a yield 
very close to the variety’s potential.
 “The signifi cance of varieties capable of nodulating and 
producing high yields without seed inoculation is for the 
expansion of soybean production among small scale farmers 
who will not have easy access to inoculum. The extension of 
information on soybean production to these farmers started 
in 1980.” Address: 1. FAO Agronomist; 2. Microbiologist. 
Both: Mount Makulu Central Research Station, Chilauga, 
Zambia.

2299. Muendel, H.-H. 1982. Developing soybeans for 
Alberta. Agriculture Canada Research Station, Lethbridge, 
Weekly Letter No. 2521. June 9. 1 p.
• Summary: “The development of improved soybean 
varieties and agronomic practices should make soybean 
production a practical reality on irrigated farms in southern 
Alberta. At the Lethbridge Research Station we are working 
with other federal and provincial researchers to adapt 
soybeans to our short, cool growing season. As energy costs 
increase, soybeans will become more important as an energy 
effi cient crop. Soybeans can use atmospheric nitrogen, 
instead of commercial fertilizer, and much of this ‘free’ 
nitrogen is added to the soil, reducing fertilizer needs of the 
next crop.
 “The variety Maple Amber, released in 1981 by the 
Ottawa Research Station in cooperation with western 
research stations, resulted in a 25 percent yield increase over 
the early maturing Maple Presto. Maple Amber matures 
easily in southern Alberta, has oil levels equal to Maple 
Presto and a higher level of seed protein...
 “We found that delaying seeding until the soil 
temperature at seed level is above 10ºC will improve yields 
in southern Alberta. However, seeding should be completed 
by May 20.
 “A few growers in southern Alberta have achieved 
soybean yields exceeding 2,000 kilograms per hectare (about 
32 bushels per acre). It should be possible with improved 
production practices now available to increase the yield to 
about 2,124 kg/ha (40 bushels/acre).” Address: New Crops, 
Lethbridge, ALB, Canada.

2300. Eaglesham, A.R.J.; Ayanaba, A.; Ranga Rao, V.; 
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Eskew, D.L. 1982. Mineral N effects on cowpea and soybean 
crops in a Nigerian soil: I. Development, nodulation, 
acetylene reduction and grain yield. Plant and Soil 
68(2):171-81. June. [15 ref]
• Summary: “In conclusion, we have described excellent 
expression of root nodule symbioses, and patterns of 
development through the season, in cowpea and soybean 
crops in Nigeria at a measured soil-N availability and the 
extent to which the symbioses were affected by a measured 
uptake of fertilizer-N.” Address: International Institute of 
Tropical Agriculture, Ibadan, Nigeria.

2301. Eaglesham, A.R.J.; Ayanaba, A.; Ranga Rao, V.; 
Eskew, D.L. 1982. Mineral effects on cowpea and soybean 
crops in a Nigerian soil. II. Amounts of N fi xed and accrual 
to the soil. Plant and Soil 68(2):183-92. June. [31 ref]
• Summary: “N-benefi ts accrued from two of the cowpea 
cultivars when grown at low mineral-N levels, but with 
higher mineral-N availability, no cultivar contributed N 
because of inhibition of nodulation and lowered N2-fi xation. 
Although the soybeans fi xed more N than the cowpeas they 
caused greater net N-depletions because they sequestered a 
greater fraction of N in the grain.”
 It was estimated that soybeans fi xed 114-188 kg/ha 
of nitrogen in the soil. Address: International Institute of 
Tropical Agriculture, Ibadan, Nigeria.

2302. Fernando, L.H.; Asghar, M.; Chase, R.G.; Fitzgerald, 
J.; McDonnell, M.R. 1982. Field experiments with cereals 
and grain legumes in W. Samoa. Alafua Agricultural Bulletin 
(Apia, Western Samoa) 7(2):40-46. April/June. [9 ref]
• Summary: In the section on “Grain legumes or pulses,” 
the fi rst plant discussed is the “Soya bean (Glycine Max L): 
This is the most important of the pulses, because of its oil 
and protein contents. However, in the islands of the South 
Pacifi c this is not yet regarded as a useful crop. Small extents 
of soya bean have however been grown. The varieties Bragg, 
PB-1 and Improved Pelican introduced from Sri Lanka 
in 1979 were grown very successfully in small plots at 
Alafua in 1981. In these varieties high yield was found to be 
dependent on the number of pods per plant (Singh 1980) and 
both seed number and seed size (Taufa 1981).
 “The variety Davis from Hawaii was used at Nu’u in 
1981 in legume inoculation experiments in association with 
the Project for Nitrogen Fixation by Tropical Agricultural 
Legumes (NifTAL). In all the efforts made so far from 1979, 
growth and pod production have been very impressive even 
with little or no fertilizer... In an experiment at Nu’u in 
1981, sponsored by NifTAL, plots which were sown with 
inoculated seed yielded 3458 kg/ha of seed...
 “Sixteen elite varieties of soya bean were received 
in 1982 from the Intsoy International Soybean Program 
conducted by the University of Illinois, and these are now 
ready for sowing in a replicated fi eld experiment at Alafua.

 “The critical factor in soya bean production is to bring 
the plants into maturity in the dry weather of June and July; 
sowing is therefore best done in April.
 “If soya bean is grown for the unripe seed, for use as a 
vegetable, it does not need to be harvested in dry weather. 
The green pod is harvested and the immature seed is eaten 
[after boiling]... Soya milk is a substitute for cow’s milk...” 
Address: 1,4-5. Dep. of Crop Production; 2-3. Dep. of Soils 
Science. All: School of Agriculture, Univ. of the South 
Pacifi c, Apia, Western Samoa.

2303. Jung, G.; Mugnier, J.; Diem, H.M.; Dommergues, 
Y.R. 1982. Polymer-entrapped rhizobium as an inoculant for 
legumes. Plant and Soil 65(2):219-231. June. [20 ref]
• Summary: Field and cylinder experiments conducted in 
France and Senegal showed that polyacrylamide, previously 
proposed as an entrapping gel for preparing Rhizobium 
inoculants, could be replaced by alginate (AER = alginate-
entrapped Rhizobium) inoculant or a mixture of xanthan 
gum and carob gum (XER = xanthan-entrapped Rhizobium). 
Various seed inoculation experiments showed that dried XER 
signifi cantly outperformed AER. See preinoculated by up to 
48 days with XER yielded plants which were comparable 
in nodulation and growth parameters to those derived from 
plants receiving peat inoculation at the time of planting.
 The experiments conducted in Senegal used soybean 
cultivar 44A73 provided by CNRA (Centre National de la 
Recherche Agronomique) Bambey, Senegal; those carried out 
in France used the soybean cultivar Amsoy. Experiment 1 
was carried out in the fi eld at Guerina, South Senegal, during 
the rainy season (July to October 1979). Experiment 2 was 
conducted in the fi eld at Deyme, 15 km from Toulouse in 
southwestern France (14 April to 22 Oct. 1980). Experiment 
3 was carried out at the ORSTOM research station of Dakar, 
Senegal, in March 1980, using Bel Air soil. Address: 1. 
Rhone-Poulenc Industries, 182 Ave. Aristide Briand, Antony, 
92160, France 2-3. CNRS/ORSTOM BP 1386 Dakar, 
Senegal.

2304. Marking, Syl. 1982. Do your beans need inoculation? 
Take a close look before you decide. Soybean Digest. May/
June. p. 28-30.
• Summary: Inoculation could net you 1-20 additional 
bushels per acre at a small cost–or it could give you a 
zero yield increase. “It all depends on the situation, agree 
scientists.”
 This article describes the conclusions of interviews with 
scientists from nine universities and three major inoculant 
manufacturers.

2305. Pijeira, L.; Lopez, M. 1982. Estudio del 
comportamiento de siete cepas de Rhizobium japonicum 
asociades a variedades de soya (Glycine max (L.) Merr) 
recomendadas para la epoca de siembra de verano 
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[Performance of seven Rhizobium japonicum strains 
associated with soybean varieties recommended for summer 
seeding]. Cultivos Tropicales (Cuba) 4(2):249-60. June. [9 
ref. Spa; eng]
• Summary: Two soybean varieties, Jupiter and INIFAT 
112, inoculated with 7 strains of Rhizobium japonicum, were 
grown in a nutrient solution. Bacterial strains 3412, BR-04, 
and BR-03 were most effi cient in promoting nodulation and 
nitrogen assimilation in both soybean varieties. Address: 1. 
Instituto de Ciencia Agricola (INCA), Havana, Cuba.

2306. Herridge, David F. 1982. Relative abundance 
of ureides and nitrate in plant tissues of soybeans as a 
quantitative assay of nitrogen fi xation. Plant Physiology 
70(1):1-6. July. [23 ref]
• Summary: “Plant material could be stored at ambient 
temperatures (20-30ºC) for up to 24 h without affecting the 
relative concentration of ureides and nitrate. It is suggested 
that the shoot axis provides the most suitable target organ 
when using this technique as a quantitative assay for N2 
fi xation because of ease of sampling of these tissues, 
especially with fi eld-grown plants.” Address: New South 
Wales Dep. of Agriculture, Agricultural Research Centre, 
R.M.B. 944, Tamworth, N.S. W., Australia, 2340.

2307. Rennie, R.J.; Dubetz, S.; Bole, J.B.; Muendel, H.-H. 
1982. Dinitrogen fi xation measured by 15N isotope dilution 
in two Canadian soybean cultivars. Agronomy Journal 
74(4):725-730. July/Aug. [15 ref]
• Summary: “The highest percent fertilizer use effi ciency 
(%FUE) was 51% when uninoculated and 44% when the 
seed was inoculated.” Address: Research scientists, Research 
Station, Agriculture Canada, Lethbridge, Alberta, Canada 
T1J 4B1.

2308. Hume, D.J. 1982. Soybean production. Notes on 
Agriculture (Guelph, Ontario) 18(1):11-12. Aug.
• Summary: Contents: Adaptation. Soils and land 
preparation. Crop rotation. Varieties. Inoculation. Weed 
control. Seeding practice. Fertilizer. Disease and pest control. 
Harvest practices. Farm storage. Address: Crop Science 
Dep., Ontario Agricultural College, Univ. of Guelph, ONT, 
Canada.

2309. Dobereiner, Johanna; Duque, Fernando F. 1982. 
Contribucao da pesquisa em fi xacao biologica de nitrogenio 
para o desenvolvimento do Brasil [Contribution of research 
on biological nitrogen fi xation to the development of Brazil]. 
Revista de Economia e Sociologia Rural 18(3):447-60. July/
Sept. [41 ref. Por]
• Summary: In 1980 it was estimated that inoculation saved 
more than 800 million U.S. dollars in soybean production 
costs in Brazil and soybeans are now routinely grown with 
inoculation each season in Brazil. Address: Técnicos do 

Programa Fixacao Biologica de Nitrogenio, EMBRAPA/
SNLCS–CNPq [Brazil].

2310. Soyanews (Sri Lanka). 1982. Inoculant now made in 
Sri Lanka. 5(1):4-5. Sept.
• Summary: Photos show: (1) The results of inoculation. 
(2) A research offi cer inoculating a packet of locally made 
carrier. A large diagram shows how a leguminous plant 
makes its own nitrogen fertilizer.

2311. Ganry, F.; Diem, H.G.; Dommergues, Y. 1982. Effect 
of inoculation with Glomus mosseae on nitrogen fi xation by 
fi eld grown soybeans. Plant and Soil 68(3):321-29. Oct. [25 
ref]
• Summary: These fi eld experiments were conducted at 
the ISRA (Institut Sénégalais de Recherches Agricoles) 
research station of Sefa, South Senegal, in 1980. Inoculation 
with Glomus mosseae was achieved using a new type of 
inoculant, alginate entrapped (AE) endomycorrhizal fungus. 
In plots fertilized with phosphorus, inoculation with AE 
Glomus mosseae increased the harvest index based on dry 
weight by 20% and the nitrogen content of the seeds by 
17%. Most past experiments, conducted under greenhouse 
conditions, show growth increases of soybean in response 
to infection by effective strains of vescular-arbuscular (VA) 
fungi. Address: 1. ISRA/IRAT, Bambey, Senegal; 2-3. 
CNRS/ORSTOM, B.P. 1386, Dakar, Senegal.

2312. Howell, Robert W. 1982. Whither soybean physiology. 
Soybean News (NSCIC) 34(1):1, 6. Oct.
• Summary: “By any measure, soybean physiology is now 
an active fi eld. The history of soybean physiology goes back 
at least 65 years to the work of Garner and Allard who used 
‘Biloxi’ soybeans as one of the three crops with which they 
discovered photoperiodism. This discovery was the basis of 
the maturity group system which soybean breeders devised 
in the late 1930’s. Soybeans have been used frequently by 
microbiologists to study symbiotic nitrogen fi xation.”
 A photo shows Robert Howell. Address: Prof. of Plant 
Physiology Emeritus, Dep. of Agronomy, Univ. of Illinois.

2313. Pulver, E.L.; Brockman, F.; Wien, H.C. 1982. 
Nodulation of soybean cultivars with Rhizobium spp. and 
their response to inoculation with R. japonicum. Crop 
Science 22(5):1065-70. Sept/Oct. [17 ref]
• Summary: “The effect of inoculation with Rhizobium 
japonicum on nodulation, plant growth, and yield of various 
soybean cultivars was studied in Nigeria and Tanzania. 
Experiments were conducted on soils on which soybeans had 
not previously been grown. Local cultivars from Nigeria and 
Indonesia nodulated with indigenous Rhizobium species at 
two sites in Nigeria. Inoculation of the local cultivars with 
several strains of R. japonicum occasionally increased nodule 
mass, but seldom increased plant growth or yield. In contrast, 
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U.S. bred cultivars nodulated poorly without inoculation. 
However large increases in growth and yield were obtained 
when the U.S. cultivars were inoculated.
 “The local cultivars have low yield potentials due to 
poor agronomic characters. In contrast the cultivars of U.S. 
origin are agronomically superior but require inoculation 
with R. japonicum to realize their yield potential. A breeding 
program based upon transferring the promiscuous character 
of some local cultivars to improved U.S. material could 
produce varieties that do not require inoculation with R. 
japonicum and still produce high yield.” Address: Grain 
Legume Improvement Program, IITA, Ibadan, Nigeria.

2314. Nave, Robert W. 1982. History of work with soyfoods 
and soybeans at SPRA in India (Interview). Conducted by 
William Shurtleff of Soyfoods Center, Nov. 25 and 28. 3 p. 
transcript.
• Summary: SPRA was founded by Robert W. Nave, an 
American who was born and raised in India and worked 
there as a missionary since the late 1950s. His interest in 
improving the well-being and economic status of low-income 
people in India led him in the 1960s to establish the Nave 
Technical Institute (NTI), a Methodist missionary foundation 
and school at Shahjahanpur, Uttar Pradesh. In 1968 Nave and 
co-worker Peter Chowfi n visited Dick Matsuura, director of 
the soy program at Pantnagar. Matsuura encouraged them 
to consider a church-sponsored program for producing 
soyfoods–since no private businesses were willing to take 
the risk and the work was clearly of real importance. In 1970 
Nave founded a nonprofi t, charitable organization called NTI 
Soya Products. Joe Wenger and his Wenger Manufacturing 
Company, old friends of Nave’s parents, donated a Wenger 
X-25 extrusion cooker to the new organization to help 
in setting up a pilot project in India making textured soy 
protein foods. Soon additional funding was obtained from 
the USAID, Pant University, Bread for the World of West 
Germany, the Methodist Church, and Nave Technical 
Institute. Nave started building a factory at Bareilly, an 
industrial center 50 miles northwest of Shahjahanpur, in 
March 1971. Key people helping to start the new company 
were Prof. A.I. Nelson, Surjan Singh, Dick Matsuura, and 
Eldon Rice.
 “In early 1972, in order to raise additional funds and to 
cement ties with Pant University, Nave sold 20% of the stock 
in NTI Soya Products to the university; NTI owned the rest. 
At that point the company was renamed Soya Production 
and Research Association (SPRA) and converted to a profi t 
making organization, but with all the profi ts to be used for 
socially benefi cial activities. In July 1972 SPRA produced its 
fi rst large run, 40 tons of a corn-soy blend to be used in an 
AID feeding program in Madras. Defatted soybean meal was 
especially made for SPRA by the Prag Ice and Oil Mills in 
Aligarh.
 In the fall of 1972 SPRA started to make its fi rst 

commercial product, an extruded/textured soy fl our (TVP). 
Recipes were developed and the product was marketed at a 
low price in inexpensive packaging for the poor. But they 
wouldn’t take it even when it was given to them. So SPRA 
took a new approach, marketing the product for the rich to 
reach the poor. The company chose a catchy name (Nutri 
Nugget), developed a fancy box written entirely in English 
for snob appeal, and introduced the product only in the 
fi nest stores, with demonstrations at colleges and for upper 
income women’s groups. After much hard work, the product 
caught on. Its success was assured when Sikhs started using 
it at their wedding dinners to satisfy both vegetarian and 
nonvegetarian guests. Soon all TVP came to be referred to 
by the public as Nutri Nugget (or Soy Nugget or Nugget). 
During the fi rst year SPRA sold about 10 tonnes of Nutri 
Nugget. In 1973 they added their next product, Protesnac, 
a soy-rice spiced snack, a fortifi ed analog of the puffed 
rice which was popular, especially in Bengal, on festive 
occasions. By 1974 the company had introduced Protein Plus 
(a corn-soy weaning food), Nutri Ahar (a whole soy fl our-
wheat weaning food), Paustic Ahar (a sweetened ready-to-eat 
corn-soy blend), and an extrusion cooked whole (full-fat) 
soy fl our (Singh 1978). By 1974 840 tonnes a year of these 
products were being produced, with about half being sold 
through the retail trade.
 In 1974 SPRA, in cooperation with G.B. Pant 
University, introduced a soybean extension program in the 
plains of Rohilkhand Division of Uttar Pradesh, an area on 
the plains near Bareilly where soybeans had not been grown 
economically before. SPRA hoped to develop a closer, more 
reliable source of soybeans. Using a grant from the Central 
Agency of West Germany, SPRA worked with hundreds of 
farmers, providing certifi ed seeds, fungicide, Rhizobium 
inoculum, and careful supervision, plus a guarantee to 
buy all soybeans produced at a predetermined price. R.N. 
Trikha of Pant University was head of the program, which 
conducted hundreds of demonstrations and established 
demonstration plots (40% of which had yields over 2,000 
kg/ha or 29.6 bu/a), published a Soybean Technical 
Newsletter and other extension literature, had an advisory 
service, and conducted many training sessions, soybean 
fi eld days, and crop yield competitions. As a result of all 
this important local work, yields and production increased 
markedly (Trikha and Nave 1979). This extension program 
was still active as of 1982. Soya Production and Research 
Association (SPRA) expanded considerably during the late 
1970s and early 1980s. In about 1977 a larger extrusion 
cooker, a Wenger X-155, replaced the original X-25. But 
as the products, especially the basic Nutri Nugget (plain 
TVP), grew in popularity, competitors sprang up on all 
sides, in most cases imitating almost exactly SPRA’s product 
and marketing techniques. By 1981 SPRA had 50% of the 
Indian TVP market, but there was competition from four 
other companies. Still SPRA was able to sell all it could 
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produce and was planning to double production. In May 
1981 Nave established a new nonprofi t corporation named 
Compatible Technology, Inc., which was registered and 
located in Minnesota. Though legally unrelated to SPRA, its 
funding was raised by Nave and its purpose was to transfer 
ideas and technology to India. Projects in 1981 included 
development of: low-cost packaging techniques for whole 
soy fl our, 5-to-10 horsepower low-cost extrusion cookers, 
small soy oil extraction plants, a soy-based cookie for 
feeding programs (a soy-fortifi ed fl our would be sold to local 
bakers and institutions, which would bake the cookies for 
fresh local consumption), tempeh, and a soyfoods training 
center. In 1981 SPRA made and sold roughly 2,000 tonnes 
of Nutri Nuggets (TVP) plus 120 tonnes of Protein Plus for 
net sales of $2.5 million. SPRA has done pioneering work 
with soyfoods and soybeans in India, being the fi rst company 
to interlink soyfoods research, product development, 
processing, and marketing with soybean crop extension. 
Address: Compatible Technology, Inc., 7600 Harold Ave., 
Minneapolis, Minnesota 55427. Phone: (612) 545-0378.

2315. Shurtleff, William; Aoyagi, Akiko. 1982. History 
of Soya Production and Research Association (SPRA) 
(Document part). In: William Shurtleff and A. Aoyagi. 1982. 
History of Soya in the Indian Subcontinent. 36 p. See p. 
24-26, 30-31. Unpublished manuscript. Available online at 
www.soyinfocenter.com. [1 ref]
• Summary: “SPRA was founded by Robert W. Nave, an 
American who was born and raised in India and worked 
there as a missionary since the late 1950s. His interest 
in improving the well-being and economic status of 
low-income people in India led him in the mid-1960s to 
establish the Nave Technical Institute (NTI), a Methodist 
missionary foundation and school at Shahjahanpur, Uttar 
Pradesh. In 1968 Nave and co-worker Peter Chowfi n visited 
Dick Matsuura, director of the soy program at Pantnagar. 
Matsuura encouraged them to consider a church-sponsored 
program for producing soyfoods–since no private businesses 
were willing to take the risk and the work was clearly of real 
importance. In 1970 Nave founded a nonprofi t, charitable 
organization called NTI Soya Products. Joe Wenger and 
his Wenger Manufacturing Company, old friends of Nave’s 
parents, donated a Wenger X-25 extrusion cooker to the 
new organization to help in setting up a pilot project in India 
making textured soy protein foods. Soon additional funding 
was obtained from the USAID, G.B. Pant University, Bread 
for the World of West Germany, the Methodist Church, and 
Nave Technical Institute. Nave started building a factory 
at Bareilly, an industrial center 50 miles northwest of 
Shahjahanpur, in March 1971. Key people helping to start 
the new company were Prof. A.I. Nelson, Surjan Singh, Dick 
Matsuura, and Eldon Rice.
 “In early 1972, in order to raise additional funds and to 
cement ties with Pant University, Nave sold 20% of the stock 

in NTI Soya Products to the university; NTI owned the rest. 
At that point the company was renamed Soya Production 
and Research Association (SPRA) and converted to a profi t 
making organization, but with all the profi ts to be used for 
socially benefi cial activities. In July 1972 SPRA produced 
its fi rst large run, 40 tons of corn-soy blend to be used in an 
AID feeding program in Madras. Defatted soybean meal was 
especially made for SPRA by the Prag Ice and Oil Mills in 
Aligarh.
 “In the fall of 1972 SPRA started to make its fi rst 
commercial product, an extruded/textured soy fl our (TVP). 
Recipes were developed and the product was market at a 
low price in inexpensive packaging for the poor. But they 
wouldn’t take it even when it was given to them. So SPRA 
took a new approach, marketing the product for the rich to 
reach the poor. The company chose a catchy name (Nutri 
Nugget), developed a fancy box written entirely in English 
for snob appeal, and introduced the product only in the 
fi nest stores, with demonstrations at colleges and for upper 
income women’s groups. After much hard work, the product 
caught on. Its success was assured when Sikhs started using 
it at their wedding dinners to satisfy both vegetarian and 
nonvegetarian guests. Soon all TVP came to be referred to 
by the public as Nutri Nugget (or Soy Nugget or Nugget). 
During the fi rst year SPRA sold about 10 tonnes of Nutri 
Nugget. In 1973 they added their next product, Protesnac, 
a soy-rice spiced snack, a fortifi ed analog of the puffed 
rice which was popular, especially in Bengal, on festive 
occasions. By 1974 the company had introduced Protein Plus 
(a corn-soy weaning food), Nutri Ahar (a whole soy fl our-
wheat weaning food), Paustic Ahar (a sweetened ready-to-eat 
corn-soy blend), and an extrusion cooked whole (full-fat) 
soy fl our (Singh 1978). By 1974 840 tonnes a year of these 
products were being produced, with about half being sold 
through the retail trade.
 “In 1974 SPRA, in cooperation with G.B. Pant 
University, introduced a soybean extension program in the 
plains of Rohilkhand Division of Uttar Pradesh, an area on 
the plains near Bareilly where soybeans had not been grown 
economically before. SPRA hoped to develop a closer, more 
reliable source of soybeans. Using a grant from the Central 
Agency of West Germany, SPRA worked with hundreds 
of farmers, providing certifi ed seeds, fungicide, Rhizobium 
inoculum, and careful supervision, plus a guarantee to buy all 
soybeans produced at a predetermined price. R.N. Trikha of 
Pant University was head of the program, which conducted 
hundreds of demonstrations and established demonstration 
plots (40% of which had yields over 2,000 kg/ha or 29.6 bu/
acre), published a Soybean Technical Newsletter and other 
extension literature, had an advisory service, and conducted 
many training sessions, soybean fi eld days, and crop yield 
competitions. As a result of all this important work, local 
yields and production increased markedly (Trikha and Nave 
1979). This extension program was still active as of 1982...
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 “SPRA expanded considerably during the late 1970s 
and early 1980s. In about 1977 a larger extrusion cooker, 
a Wenger X-155, replaced the original X-25. But as the 
products, especially the basic Nutri Nugget (plain TVP), 
grew in popularity, competitors sprang up on all sides, in 
most cases imitating almost exactly SPRA’s product and 
marketing techniques. By 1981 SPRA had 50% of the 
Indian TVP market, but there was competition from four 
other companies. Still SPRA was able to sell all it could 
produce and was planning to double production. In May 
1981 Nave established a new nonprofi t corporation named 
Compatible Technology, Inc., which was registered and 
located in Minnesota. Though legally unrelated to SPRA, its 
funding was raised by Nave and its purpose was to transfer 
ideas and technology to India. Projects in 1981 included 
development of: low-cost packaging techniques for whole 
soy fl our, 5-to-10 horsepower low-cost extrusion cookers, 
small soy oil extraction plants, a soy-based cookie for 
feeding programs (a soy-fortifi ed fl our would be sold to local 
bakers and institutions, which would bake the cookies for 
fresh local consumption), tempeh, and a soyfoods training 
center. In 1981 SPRA made and sold roughly 2,000 tonnes 
of Nutri Nuggets (TVP) plus 120 tonnes of Protein Plus for 
net sales of $2.5 million. SPRA has done pioneering work 
with soyfoods and soybeans in India, being the fi rst company 
to interlink soyfoods research, product development, 
processing, and marketing with soybean crop extension.”

2316. Alexander, M. 1982. Research to enhance nitrogen 
fi xation: Misplaced emphasis? In: Priorities in Biotechnology 
Research for International Development. Board on Science 
and Technology for International Development (BOSTID). 
Washington. National Academy Press. 261 p. Proceedings 
of a workshop held 26-30 July 1982 at Washington, DC, and 
Berkeley Springs, West Virginia. *
• Summary: From the “standpoint of the bacterial 
contribution to symbiotic nitrogen fi xation, the factors 
limiting nitrogen fi xation are rarely the lack of highly 
effective strains of Rhizobium. The limiting factors are 
nearly always the absence of strains adapted to ecologically 
signifi cant stresses in soil. Basic and applied research that is 
designed to increase food production (soybean production), 
whether in the long or short run, should seek to defi ne 
these stresses and fi nd means to overcome them.” Address: 
Washington, DC.

2317. Ganry, F.; Wey, J.; Diem, H.G.; Dommergues, Y. 1982. 
Effect of inoculation with Glomus mossae improves nitrogen 
fi xation by fi eld grown soybeans. Vienna, Austria: AIEA. 17 
p. *

2318. Hoshi, S. 1982. Nitrogen fi xation, growth and yield 
of soybean. In: Japanese Society of Soil Science and Plant 
Nutrition, ed. 1982. Nitrogen Fixation in Root Nodules. 

Japan: Hakuyusha Publishers. Japan, pp 5-33. See p. 5-33. *

2319. Zagal, E. 1982. [Biological nitrogen fi xation, trials on 
groundnut, soyabean and common bean]. Project AGOA/
MOZ/75/011. Field Document no. 49. UNDP/FAO Project 
Land and Water Use and Planning. Ministry of Agriculture, 
Maputo, Mozambique. [Por]*
Address: FAO.

2320. App, A.; Eaglesham, A. 1982. Biological nitrogen 
fi xation–Problems and potential. In: Peter H. Graham and 
Susan C. Harris, eds. 1982. Biological Nitrogen Fixation 
Technology for Tropical Agriculture. Cali, Colombia: Centro 
Internacional de Agricultura Tropical (CIAT). xv + 726 p. 
See p. 3-7. Based on papers presented at a workshop held 
at the Centro Internacional de Agricultura Tropical, March 
9-13, 1981. [9 ref]
• Summary: Soybean yields have increased only 14-21% in 
the past 25 years, while yields of cereal grains have increased 
approximately 50-75% during this same time. It is thought 
that grain legumes are experiencing a “yield barrier.” Table 
2 (p. 5) shows that yields of soybeans grown organically are 
about 5% less than those grown by conventional methods. 
Address: 2. Boyce Thompson Inst. at Cornell Univ., Ithaca, 
New York.

2321. Biological nitrogen fi xation: Proceedings of the 
national symposium held at Indian Agricultural Research 
Institute, New Delhi 100 012, February 25-27, 1982. 1982. 
Bombay, India: Babha Atomic Research Centre. xii + 676 p. 
Illust. 25 cm.
• Summary: Organized by Food and Agriculture Committee, 
Department of Atomic Energy, Government of India. 
Contains chapters by various authors. Soy is not mentioned 
in the table of contents.

2322. Chowdhury, M.S.; Doto, A.L. 1982. Biological 
nitrogen fi xation as a criterion for soybean breeding: 
Preliminary results. In: Peter H. Graham and Susan C. 
Harris, eds. 1982. Biological Nitrogen Fixation Technology 
for Tropical Agriculture. Cali, Colombia: Centro 
Internacional de Agricultura Tropical (CIAT). xv + 726 p. 
See p. 45-48. Based on papers presented at a workshop held 
at the Centro Internacional de Agricultura Tropical, March 
9-13, 1981. No index. 24 cm. [5 ref]
• Summary: Soybean was introduced to Tanzania in about 
1907, and was grown commercially in Bukoba from 1939 
to 1947. Soybean breeding has been has been conducted 
in Tanzania (starting at Nachingwea) since 1955, but little 
attention has been paid to the biological nitrogen fi xation 
(BNF) of selected cultivars. In this preliminary study, the 
cultivar Bossier (from the USA) was crossed with IH 192 
(a local cultivar); the progeny showed better yield and 
nodulation parameters than either parent. Address: Faculty of 
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Agriculture, Forestry and Veterinary Science, Univ. of Dar es 
Salaam, P.O. Box 643, Morogoro, Tanzania.

2323. Graham, Peter H.; Harris, Susan C. eds. 1982. 
Biological nitrogen fi xation technology for tropical 
agriculture: Based on papers presented at a workshop 
held at the Centro Internacional de Agricultura Tropical, 
March 9-13, 1981. Cali, Colombia: Centro Internacional de 
Agricultura Tropical (CIAT). xv + 726 p. No index. 21 cm.
• Summary: Five papers that mention soybeans in the title 
are cited separately. Address: 1. Centro Internacional de 
Agricultura Tropical (CIAT), Cali, AA 67-13, Colombia; 2. 
Univ. of Hawaii NifTAL Project, Maui, Hawaii, USA.

2324. Hamdi, Y.A.; Alaa El-Din, M.N. 1982. Research on 
the inoculation of Glycine max and Vicia fava in Egypt. In: 
Peter H. Graham and Susan C. Harris, eds. 1982. Biological 
Nitrogen Fixation Technology for Tropical Agriculture. Cali, 
Colombia: Centro Internacional de Agricultura Tropical 
(CIAT). xv + 726 p. See p. 287-90. Based on papers 
presented at a workshop held at the Centro Internacional de 
Agricultura Tropical, March 9-13, 1981. [7 ref]
• Summary: Soybeans were introduced to Egyptian 
agriculture in the 1960s and now occupy about 40,000 ha. 
Address: Dep. of Microbiology, Inst. of Soil and Water 
Research, Giza, Egypt.

2325. Hinson, K.; Hartwig, E.E. 1982. Soybean production 
in the tropics. Revision 1, by Harry C. Minor. FAO Plant 
Production and Protection Paper No. 4. 222 p. Illust. 28 cm. 
No index. (Rome, Italy). Original edition was 1977. [168 ref. 
Eng]
• Summary: Contents: Introductory note, by Hazim A. Al-
Jibouri, Senior Offi cer, Plant Production and Protection 
Div., FAO, Rome. Foreword, by William N. Thompson, 
Director, International Agriculture, University of Illinois, 
Urbana-Champaign. Preface, by Harry Minor, University of 
Missouri–Columbia (22 Feb. 1982). Introduction. Botany: 
Taxonomy, morphology, Genetic traits of agronomic 
importance. Climatic requirements: Temperature, rainfall 
patterns, photoperiod response. Soils and soil fertility: 
Mineral nutrition (major nutrients, secondary nutrients, 
micronutrients, liming), soil management, soil organisms. 
Water and management. Varieties and variety development: 
Variety adaptation, variety development (germplasm sources, 
varietal improvement programs, breeding procedures, how 
to make crosses). Cultural practices: Date of planting, 
varieties, seedbed preparation (conventional tillage, 
minimum tillage, hand labor methods), plating, population 
density, pest management (weeds, insects, disease and 
nematodes). Nitrogen nutrition and inoculation: Inoculants 
and inoculating procedures (slurry method, sprinkle 
method, dry or powder method, soil inoculation method), 
symbiotic N2 fi xation, N fertilization vs. symbiotic fi xation. 

Diseases and nematodes: Bacterial diseases, fungal diseases, 
virus diseases, nematodes, mycoplasmalike diseases. 
Insects: Damage from stem feeding insects, damage from 
leaf feeding insects, damage from pod feeing insects, 
insect control. Harvesting and seed quality: Seed quality 
factors (harvest date, seed treatment, location and season 
of seed production, varietal differences in seed quality 
characteristics), harvesting (harvesting with combines, other 
harvesting methods), drying and handling, seed storage. 
Nutritional quality and use: Uses of the soybean in the 
East, uses of the soybean in the West, summary. Rotations 
and intercropping: Rotations, intercropping. Bibliography. 
Address: 1-2. Research Agronomists, USDA; Minor: Assoc. 
Prof. of Agronomy, Univ. of Missouri.

2326. Juang, T.C.; Tann, C.C.; Tsou, S.C.S. 1982. Effect of 
nitrogen fertilization on leaf nitrate reductase and nodule 
nitrogenase activity in soybeans. In: Peter H. Graham and 
Susan C. Harris, eds. 1982. Biological Nitrogen Fixation 
Technology for Tropical Agriculture. Cali, Colombia: Centro 
Internacional de Agricultura Tropical (CIAT). xv + 726 p. 
See p. 303-08. Based on papers presented at a workshop held 
at the Centro Internacional de Agricultura Tropical, March 
9-13, 1981. [8 ref]
• Summary: In soybean, the activity of leaf nitrate reductase 
(the primary enzyme in nitrate metabolism) is high during 
early growth but decreases rapidly after fl owering. N2 
fi xation by the root nodules reaches a peak during fl owering 
and pod-fi ll, then declines. Address: 1-2. Research Inst. 
of Soil Science, National Chung Hsing Univ.; 3. Asian 
Vegetable Research Development Center (AVRDC). Both: 
Taiwan, Republic of China.

2327. Palmer, Reid G.; Smith, Keith J. 1982. Soybean 
germplasm [in the People’s Republic of China]. In: S. Wong, 
ed. 1982. China Program Reports, Vol. 1. 80 p. See p. B-28 
to B-50.
• Summary: Contents: Introduction (The urgency of 
germplasm exchange). Soybean germplasm: Glycine max, 
Glycine soja (the wild soybean), intermediate types, hybrids 
among the various species. Breeding objectives. Breeding 
methodology. Seed release and multiplication. Cultural 
practices. Soybean tissue culture.
 Appendix 1. Germplasm collected by the team (in four 
provinces). Appendix 2. Germplasm presented to Iowa 
State University (Authority given by Chinese Academy of 
Agricultural Sciences, Beijing). Appendix 3. Rhizobium 
japonicum samples collected by the team (Aug. 1981, 17 
samples).
 Members of team:
 “Robert M. Goodman, Professor, Soybean Virology, 
Department of Plant Pathology, University of Illinois, N-519 
Turner Hall, 1102 South Goodwin Avenue, Urbana, Illinois 
61801.
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 “Marcos Kogan, Professor, Entomology, University 
of Illinois and Illinois Natural History Survey, 172 Natural 
Resources Building, 607 East Peabody, Urbana, Illinois 
61820.
 “Reid Palmer, Agricultural Research Service, USDA, 
c/o Department of Agronomy and Genetics, Iowa State 
University, Ames, Iowa 50010.
 “Robert D. Riggs (Team Leader), Professor, 
Nematology, Plant Science, 217, University of Arkansas, 
Fayetteville, Arkansas 72701.
 “Keith J. Smith, Director of Research, American 
Soybean Association, 77 Craig Road, P.O. Box 27300, St. 
Louis, Missouri 63141.
 “Samuel G. Turnipseed, Professor of Entomology, 
Edisto Experiment Station, P.O. Box 247, Blackville, South 
Carolina 29817.” Address: 1. ARS, USDA, Iowa State Univ.; 
2. American Soybean Assoc.

2328. Postgate, J.R. 1982. The fundamentals of nitrogen 
fi xation. Cambridge, London, New York, New Rochelle, 
Melbourne, Sydney: Cambridge University Press. x + 252 p. 
Illust. Index. 23 cm. [50+* ref]
• Summary: Contents: Preface. 1. Dinitrogen fi xation and the 
nitrogen cycle. 2. The nitrogen-fi xing bacteria.
 3. Enzymology: Developments up to 1960, 
Developments since 1960, The molybdoprotein 
(‘Dinitrogenase’), The iron protein (‘Dinitrogenase 
reductase’), Reduction of analogues of dinitrogen, Cross 
reactions, Stoichiometry, Steric effects, Mode of action of 
nitrogenase, Summary.
 4. Physiology: General physiology, The oxygen 
problem. The hydrogen problem, Electron transport 
pathways, Minor physiological problems, Assimilation of 
product, Regulation, Regulation by ammonia, Regulation 
by nitrate and amino-acids, Regulation by oxygen, 
Regulation by molybdenum, Regulation by energy supply, 
Consequential regulation of uptake hydrogenase, 5. Genetics: 
Genetics of nif in Klebsiella pneumoniae. Genetics of nif in 
Azotobacter, Genetics of nif in Rhizobium, Genetics of nif in 
Rhodopseudomonas, Genetics of nif in other bacteria.
 6. Ecology: The symbioses, The legumes, Actinorhizal 
systems, Cyanobacterial associations, Mycorrhizal 
associations, Leaf nodule associations, The biocoenoses, 
Rhizocoenoses, Phyllocoenoses, Zoocoenoses, The free-
living diazotrophs, Total nitrogen inputs.
 7. Origin and evolution: The distribution of diazotrophy, 
The evolution of oxygen-excluding mechanisms, Evolution 
of ancillary characters.
 8. Chemistry and mechanism: The energetic background, 
The chemical background.
 9. A scheme for nitrogenase action.
 The Preface begins: “Nitrogen fi xation, as a subject of 
scientifi c research, has made enormous strides in the last two 
decades.”

 The enzyme nitrogenase catalyzes the biological 
process. Among nitrogen fi xing systems, there are both 
symbiotic associations with plants and free-living bacteria.
 So much has changed “since about 1960 that it is no 
exaggeration to assert that a revolution has taken place in 
our scientifi c thinking. Understanding of the ecology of 
the process has been transformed, whole new classes of 
nitrogen-fi xing systems have been discovered, and today 
nitrogen fi xation is becoming quantitatively one of the best 
understood steps in the natural cycling of the biological 
elements. It is fair to say that research on nitrogen fi xation 
has been one of the scientifi c success stories of the 1960s 
and 1970s.” Address: FRS, Prof. of Microbiology, Univ. of 
Sussex [England].

2329. Ranga Rao, V.; Thottapilly, G.; Ayanaba, A. 1982. 
Studies on the persistence of introduced strains of Rhizobium 
japonicum in soil during fallow, and the effects on soybean 
growth and yield. In: Peter H. Graham and Susan C. Harris, 
eds. 1982. Biological Nitrogen Fixation Technology for 
Tropical Agriculture. Cali, Colombia: Centro Internacional 
de Agricultura Tropical (CIAT). xv + 726 p. See p. 309-15. 
Based on papers presented at a workshop held at the Centro 
Internacional de Agricultura Tropical, March 9-13, 1981. [11 
ref]
• Summary: “Conclusion: The following conclusions can be 
drawn from the above studies: Rhizobium inoculants offer 
a great hope for increasing the yields of high-yielding US 
soybean cultivars in Africa;
 “Effective strains of rhizobia introduced as inoculants 
survive short fallow periods and can sustain soybean yields 
after fallow without further inoculant or fertilizer N input; 
and
 “Cultivars of Asian origin do not respond to inoculants 
signifi cantly because of their ability to nodulate with the 
indigenous rhizobia.
 “The soybean breeding program at IITA is aiming to 
transfer the nodulating characteristics of Asian cultivars to 
agronomically superior, American-bred cultivars.” Address: 
International Inst. of Tropical Agriculture, PMB 5320, 
Ibadan, Nigeria.

2330. Shanmugasundaram, S. 1982. Role of AVRDC in 
soybean and mungbean improvement [for the developing 
tropical countries]. In: 1982. Grain Legumes Production in 
Asia. Tokyo: Asian Productivity Organization. 550 p. See p. 
137-50. [28 ref]
• Summary: Contents: Introduction. Soybean. Importance of 
soybean in the Asian region. Important changes in agronomic 
practices. Breakthroughs in varietal development.
 Tables: (1) Soybean area, production, yield, imports 
and exports for selected Asian countries: Taiwan (ROC; 
19,000 ha; 1,644 kg/ha), India, Indonesia (755,000 ha; 795 
kg/ha), Iran (70,000 ha; 150,000 metric tons; 2,143 kg/ha), 
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Japan (100,000 ha; 2,000 kg/ha), Korea (Rep. of = South; 
260,000 ha; 1,350 kg/ha), Nepal (19,000 ha; 650 kg/ha), 
Philippines, Sri Lanka, Thailand (160,000 ha; 783 kg/ha), 
China (PRC; 14,430,000 ha; 925 kg/ha) [1979 & 1980]. (2) 
Yield response of post-rice soybean crop to irrigation and 
tillage. (3) Effects of different soybean sowing methods on 
plant stand and yield. (4) Soybean responses to Rhizobium 
japonicum inoculum. (5) Effect of fungicide seed treatment 
on soybean plant stand when grown in rice stubble culture 
with excessive soil moisture after sowing. (6) Soybean 
germplasm collections available in Asian countries. (7) 
Soybean varieties and their characteristics identifi ed as 
moderately resistant to soybean rust. (8) Soybean varieties 
immune to soybean mosaic virus. (9) Soybean varieties 
susceptible to soybean mosaic virus but are symptomless. 
(10) Wild soybean, (G. soya Sieb and Zucc.) accessions 
least affected by beanfl ies, (Melanagromyza sojae and 
Ophiomyia centrocematis) at AVRDC. (11) Soybean 
varieties less affected by pod borer, Etiella zinckenella at 
AVRDC. (12) Major soybean varieties grown by farmers in 
different countries until 1972. (13) Major soybean varieties 
developed after 1972 and grown by farmers until 1980. 
(14) Performance of AVRDC selection compared to local 
cultivars in Indonesia. (15) Yield of six soybean cultivars in 
four locations during summer in a district trial experiment. 
Address: AVRDC, Shanhua, Taiwan.

2331. Shearman, L.L.; Klucas, R.V. 1982. Profi les of 
ureides and amino acids in exudates from senescing soybean 
nodules. In: Peter H. Graham and Susan C. Harris, eds. 
1982. Biological Nitrogen Fixation Technology for Tropical 
Agriculture. Cali, Colombia: Centro Internacional de 
Agricultura Tropical (CIAT). xv + 726 p. See p. 327-36. 
Based on papers presented at a workshop held at the Centro 
Internacional de Agricultura Tropical, March 9-13, 1981. [22 
ref]
• Summary: “Although the gross morphological 
consequences of nodule senescence are easy to observe 
and describe, the physiological and biochemical events 
contributing to senescence are unknown. The loss of nitrogen 
(N2) fi xation is a useful and convenient indicator or nodule 
senescence.” (p. 328).
 The ureides include allantoin, allantoic acid, and urea. 
Address: 1-2. Dep. of Agricultural Biochemistry, Univ. of 
Nebraska, Lincoln, NE 68583.

2332. Victory Soya Mills Limited. 1982. Soybeans in 
Canada. Toronto, ONT, Canada. 25 p. 28 cm.
• Summary: Contents: 1. Introduction: History, world 
production, characteristics and products. 2. Plant growth and 
development: The seed, vegetative growth and development, 
reproductive growth. 3. Growing the crop: Varietal selection, 
soils, seedbed preparation, planting date, planting rate, 
planting depth, row width, seed inoculation, seed treatments, 

soil fertility, weed control, mechanical weed control 
measures, chemical weed control measures, crop diseases, 
insects, harvesting, drying, storage. 4. Marketing and 
utilization. 5. Appendices: Soybean varieties and distributor 
addresses, herbicides, insecticides, publications.
 On the cover of this attractive color booklet is a photo of 
a white sack fi lled with white-hilum soybeans on a wooden 
fl oor; a Canadian fl ag projects from the top of the bag. 
There are two photos of Victory Soya Mills on the Toronto 
waterfront. “Most of Canada’s [soybean] production is still 
centered in the fi ve southwest counties of Ontario (Essex, 
Kent, Lambton, Middlesex and Elgin). New early varieties, 
however, are rapidly spreading the crop throughout Ontario 
and even into the prairie provinces.” Address: 333 Lakeshore 
Blvd. E., Toronto, ON M5A 1C2. Phone: (416) 363-8771.

2333. Agricultural Chemicals, Inc. 1983. Treat your soybeans 
for a little extra yield (Ad). Soybean Digest. Feb. p. 19.
• Summary:  See next page. This full page color ad states: 
“Five years of fi eld tests show an average yield increase of 
11.4% with Triple-Noctin® L:
 “It’s a fact. Documented data from 51 fi eld tests, 
including University studies, show yields from seed treated 
with Triple-Noctin L averaged 33.6 Bu/A compared to only 
30.2 Bu/A from untreated seed. That’s 3.4 extra bushels per 
acre.
 “As for return on investment, even one extra bushel will 
cover the cost of the seed treatment plus pay a return of over 
200%.
 “The tests cited were conducted in 12 leading soybean 
states over a period of 5 years.
 “Triple-Noctin L, the only 3-in-1 soybean seed 
treatment, promotes healthy growth and protects your beans 
like nothing else can. It contains: a fungicide to combat 
surface and soil-borne seedling diseases, an inoculant 
for proper root nodulation and nitrogen fi xation, plus 
Molybdenum, a vital micronutrient essential on acid soils.
 “And because it’s a liquid, Triple-Noctin L goes on 
quick and easy. Just pour it on, and stir. Works in all types of 
planters. So treat your soybeans for a little extra yield. Treat 
with Triple-Noctin L.”
 Photos show: (1) A combine harvesting soybeans. (2) 
A dark, viscous liquid from a Kalo can being poured onto 
dry soybeans. “Pour it on. Grower proven on more than 12 
million acres.” (3) A can of Kalo Triple-Noctin L inoculant. 
Address: 4550 West 109th St., Overland Park, Kansas 66211. 
Phone: (800) 255-5196.

2334. Pfeiffer, N.E.; Malik, Nasir S.A.; Wagner, F.W. 1983. 
Reversible dark-induced senescence of soybean root nodules. 
Plant Physiology 71(2):393-99. Feb. [29 ref]
• Summary: “Nodule senescence was induced in intact 
soybean (cultivar Woodworth) plants by an 8-day dark 
treatment. Dark-induced senescence resulted in the 
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complete loss of acetylene reduction activity, a 67% loss 
of total soluble protein, and an almost complete loss in 
total leghemoglobin of nodule extracts.” Address: Dep. 
of Agricultural Biochemistry, Univ. of Nebraska-Lincoln, 
Lincoln, Nebraska 68583-0718.

2335. Toniolo, L. 1983. Soybean activities at Institute of 
Agronomy of Padua (Italy). Eurosoya No. 1. p. 53-54.
• Summary: Contents: Evaluation of new varieties. 
Plant density. Growth analysis. Rhizobium Japonicum 
strains evaluation. Crop rotation and mineral fertilization. 
Traditional tillage and sod seeding in double soybean 
crop. Nitrogen mineral nutrition and symbiotic fi xation. 
Intercropping soybean-maize. Address: Inst. of Agronomy, 
Padua, Italy.

2336. IITA. 1983. Soybean improvement at the International 
Institute of Tropical Agriculture: A position paper. Ibadan, 
Nigeria: IITA. iii + 26 p. May. 28 cm. [9 ref]
• Summary: This paper, also titled “IITA’s Soybean 
Improvement Program,” was written by E.A. Kueneman, 
W.R. Root, D. Shannon, and K. Dashiell, although their 
names do not appear on the title page.
 Contents: Introduction. The potential and importance of 
expanding soybean production in Africa: General comments, 
country activities. Biological constraints to production and 
research undertaken to minimize constraints: Seed longevity 
and establishment, nitrogen fi xation in soybeans, soybean 
agronomy research and soil fertility studies, entomology. 
Cooperation with national programs.
 The current expansion of soybeans in Nigeria has been 
founded on years of research. In the mid-1960s the Institute 
for Agricultural Research (IAR) initiated a soybean breeding 
program and in 1983 released two lines from a cross between 
Malayan and Clemson Non-shattering. Address: Ibadan, 
Nigeria.

2337. Kueneman, E.A.; Root, W.; Shannon, D.; Dashiell, 
K.E. 1983. Soybean improvement at the International 
Institute of Tropical Agriculture: A position paper. IITA, 
PMB 5320, Oyo Road, Ibadan, Nigeria. 31 p. May. [9 ref. 
Eng]
• Summary: Contents: Introduction. The potential and 
importance of expanding soybean production in Africa: 
General comments, agro-climatic suitability for rainfed 
production, country activities. Research undertaken to 
minimize biological constraints to production: Seed 
longevity and establishment, nitrogen fi xation in soybeans. 
Soybean agronomy research. Entomology. 6. Cooperation 
with national programs.
 Under “country activities,” soybean programs in the 
following countries are discussed in detail: In West Africa: 
Nigeria, Ivory Coast, Cameroon, Benin, Togo, Ghana, Sierra 
Leone, and Senegal. In Central Africa: Rwanda and Zaire. In 

Southern Africa: Zimbabwe and Zambia.
 The title page reads “IITA’s Soybean Improvement 
Program: A Position Paper.” Address: 1&4. Soybean 
breeder, IITA, Ibadan; 2. Soybean breeder, IITA, Zaria; 3. 
Agronomist.

2338. Patterson, T.G.; LaRue, T.A. 1983. Nitrogen fi xation 
by soybeans: seasonal and cultivar effects, and comparison 
of estimates. Crop Science 23(3):488-92. May/June. [14 ref]
• Summary: “Attempts to increase biological N2 fi xation 
by legumes have concentrated on developing improved 
strains of Rhizobia. It is now recognized that the supply 
of carbohydrate to the nodule can be a major limitation to 
fi xation (10).” Address: Postdoctoral associate and plant 
biochemist, Boyce Thompson Institute for Plant Research, 
Tower Road, Ithaca, New York 14853.

2339. MacLean, Jayne T. 1983. Nitrogen fi xation in 
soybeans, 1979-1983: 188 citations USDA National 
Agricultural Library Quick Bibliography Series NAL-BIBL 
83-35. 28 p. Updates 81-04. June. [188 ref]
• Summary: “Data Base Searched: AGRICOLA.
 Language: English only.
 “Bibliographies in the Quick Bibliography Series of 
the National Agricultural Library, are intended primarily for 
current awareness, and as the title of the series implies, are 
not in-depth exhaustive bibliographies on any given subject. 
However, the citations are a substantial resource for recent 
investigations on a given topic. They also serve the purpose 
of bringing the literature of agriculture to the interested user 
who, in many cases, could not access it by any other means. 
The bibliographies are derived from computerized on-line 
searches of the AGRICOLA data base. Timeliness of topic 
and evidence of extensive interest are the selection criteria.
 “The author/searcher determines the purpose, length, 
and search strategy of the Quick Bibliography. Information 
regarding these is available upon request from the author/
searcher.
 “Copies of this bibliography may be made or used 
for distribution without prior approval. The inclusion or 
omission of a particular publication or citation may not 
be construed as endorsement or disapproval. To request a 
copy of a bibliography in this series, send the title, series 
number and self-addressed gummed label to:” NAL’s address 
is given. Address: USDA National Agricultural Library, 
Reference Section Room 111, Belstville, Maryland.

2340. Smith, R.S.; Judy, W.H.; Stearn, W.C. 1983. 
International inoculant shipping evaluation. INTSOY Series 
No. 23. 25 p. July. (College of Agric., Univ. of Illinois at 
Urbana-Champaign).
• Summary: Contents: Introduction. Materials and methods. 
Results and discussion. Summary. Appendixes: A. IISE 
instruction sheet. B. IISE data sheet. C. IISE laboratory 
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sheet. D. Cooperators participating in IISE (directory).
 “In 1973, the International Soybean Variety Experiment 
(ISVEX) was initiated by INTSOY as the fi rst element in the 
genetic improvement program.”
 “The International Inoculant Shipping Evaluation 
(IISE) trial was conducted in order to evaluate the quality of 
granular soybean inoculant after it was exposed to shipping 
and storage conditions during international transport. Stress 
factors such as high temperature, loss of moisture, time, and 
exposure to sunlight decrease the quality of inoculants by 
reducing the number of viable rhizobia bacteria” (p. 1).
 “A total of 160 IISE units were set to cooperators in 
tropical and subtropical countries.” 76 of these were returned 
by cooperators, as requested, to the INTSOY laboratory in 
Puerto Rico. The quality of the inoculant, which initially 
contained 1.0 x 109 [=1 billion] R. japonicum cells per gram, 
decreased during shipment. “The rhizobia population in 88 
percent of the samples decreased to a level between 1.0 x 107 
[=10 million] and 9.9 x 109 [=90.9 million] cells per gram. 
However it was estimated that a granular soil inoculant with 
a population of 1.0 x 107 cells per gram would deliver more 
rhizobia than would a seed-applied powder inoculant with a 
population of 1.0 x 108 [=100 million] cells per gram. This 
suggests that most of the returned samples, when used as 
granular soil inoculants, would provide suffi cient rhizobia to 
nodulate soybeans under favorable growing conditions even 
after being stressed by time, temperature, and desiccation” 
(p. 12-13).
 Cooperators listed in the directory include those in the 
following countries: Africa: Algeria, Botswana, Ethiopia, 
Gambia, Ghana, Malawi, Morocco, Somalia, Sudan, 
Tanzania, Zambia, Zimbabwe. Meso-America: Belize, Cuba, 
Guatemala, Mexico, Puerto Rico. Middle East: Iraq, Syria, 
Turkey. Address: College of Agriculture, Univ. of Illinois, 
Urbana-Champaign.

2341. Creason, Gary L.; Holowach, L.P.; Thompson, J.F.; 
Madison J.T. 1983. Exogenous methionine depresses level 
of mRNA for a soybean storage protein. Biochemical and 
Biophysical Research Communications (BBRC) 117(3):658-
62. Dec. 28. [14 ref]
• Summary: “Soybean storage proteins and the genes which 
code for them constitute a model system for studies on 
eucaryotic gene regulation, because these storage proteins 
rapidly accumulate to high levels during a discrete period 
in seed development. In vitro culture of soybean cotyledons 
(1) provides a means to study the physiology and molecular 
biology of the developing cotyledons under defi ned 
conditions.” Address: Section of Plant Biology, Div. of 
Biological Sciences, Cornell Univ., and U.S. Plant, Soil and 
Nutrition Lab., ARS, USDA, Ithaca, New York 14853.

2342. Asgrow Seed Co. 1983. Asgrow soybean management 
system. Northern edition 1983. Kalamazoo, MI 49001. 20 p. 

28 cm.
• Summary: In 1971, the year the Plant Variety Protection 
Act became law, there were 24 public soybean breeders 
(mostly at universities and at the USDA) and 8 private. Ten 
years later, in 1981, there were 51 public and 56 private 
soybean breeders. Williams is now the most widely grown 
soybean variety in the U.S.
 Asgrow’s ten steps for obtaining high soybean yields 
are: 1. Select superior varieties. 2. Purchase high quality 
seed. 3. Match row widths and plant populations (solid 
seeding increases yields). 4. Plant at proper depth and date. 
5. Control weeds. 6. Supply soil nutrients and Rhizobium 
bacteria. 7. Reduce harvest losses. Address: Building 190, 
Kalamazoo, Michigan 49001. Phone: (616) 385-6441.

2343. Wey, J. 1983. Inoculation du soja par le Rhizobium 
japonicum au Sénégal [Inoculation of soybeans by 
Rhizobium japonicum in Senegal]. Agronomie Tropicale 
(France) 38(4):308-14. Oct/Dec. [22 ref. Fre; eng]
• Summary: The absence of Rhizobium japonicum in the 
soils of Senegal is an obstacle to soybean production and 
expansion of the crop. Rarely rhizobia of the cowpea group 
will create a few nodules on soybeans but these are weak. 
Typically in Senegal, the seeds are enrobed with inoculum, 
but it interferes with germination of the seeds, which in 
turn reduced yields. This problem can be overcome by 
introducing the inoculum into the soil, but this can be 
done mechanically only if the texture of the standard peat-
inoculant is modifi ed. The author has developed and used 
a new and simple granulation procedure which consists of 
enrobing attapulgite fl oats with inoculum. The fl oats are 
then drilled into the soil using a locally-designed distributor 
mounted on the seeder.
 In Senegal since 1972, IRAT, then ISRA have conducted 
inoculation tests which have shown the effi cacy of 
inoculation for soybean nodulation. Address: Ingénieur IRAT 
détaché à l’Institut Sénégalais de Recherches Agricoles, 
CNRA, Bambey, Senegal.

2344. Wey, J. 1983. Production de rhizobium: mise au 
point d’une méthode simplifi ée [Production of rhizobium: 
Development of a simplifi ed method]. Agronomie Tropicale 
(France) 38(4):315-20. Oct/Dec. [9 ref. Fre; eng]
• Summary: It is essential to inoculate soybeans for good 
yield. Supplying a high-quality inoculum is a key problem 
in developing countries where certain legume crops must be 
inoculated. It is best if the inoculum is made in the country 
and in the local area where it is to be used. Moreover, 
Rhizobium strains adapted to local plants and conditions can 
thus be chosen. The article recommends use of a fermentor; 
one with a capacity of 50 liters can produce enough 
inoculum for 300 ha if the soil is inoculated or for 1,500 ha if 
the seed is inoculated directly. The fermentor is designed to 
stand up under adverse conditions. Address: Ingénieur IRAT 
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détaché à l’Institut Sénégalais de Recherches Agricoles, 
CNRA, Bambey, Senegal.

2345. Gallo, P.B.; Sawazaki, E.; Hiroce, R.; Mascarenhas, 
H.A.A. 1983. Producao de miho afetado pelo nitrogenia 
mineral e cultivos anteriores com soja [Production of millet 
affected by mineral nitrogen and previous soybean crops]. 
Revista Brasileira de Ciencia do Solo 7:149-52. *

2346. Trikha, R.N.; Singh, M.P. 1983. Soybean 
demonstrations in Uttar Pradesh (India). In: 1983. XIV 
Soybean Workshop. Almora, India. 9 p.
• Summary: Contents: Introduction. National 
demonstrations: Soybean–wheat rotation, soybean–potato 
rotation, maximum production demonstrations, varietal 
demonstration.
 “The University started laying out demonstrations on 
farmer’s fi elds from the year 1968 in different agro-climatic 
regions of the state. Those demonstrations were conducted 
with three main objectives: (1) To educate the farmers to 
grow soybean as an import Kharif [rainy season] crop; (2) 
To demonstrate to farmers the methods of cultivation and 
economic returns from soybean, and; (3) To demonstrate the 
suitability of soybean in different crop rotations.
 The demonstrations were conducted in the fi elds of 
farmers having small and medium size holdings.
 Tables show: (1) Yearwise summary of soybean–wheat 
rotation (1971-1981). Average total production cost and 
return (Rs) per hectare. (2) Yearwise summary of soybean–
potato rotation (1971-1981). Average total production 
cost and return (Rs) per hectare. (3) Results of soybean 
demonstration in 9 locations. Grain yield, cost of production, 
and net profi t per hectare. (4) Frequency distributions of 
yield data. (5) Results of soybean varietal demonstration 
at 5 locations. Six varieties, incl. Bragg, Sheelaji, and four 
numbered varieties were planted.
 Conclusions: (1) Soybean gives the highest yield and net 
return in the Hills and Bhapar.
 Note: Bhabhar is the region south of the Lower 
Himalayas and the Siwalik Hills where the alluvial grade 
merges into the Indo-Gangetic Plain. Geographically this 
corresponds to current administrative sub-division of 
Haldwani.
 (2) Soybean fi ts well in two crop rotations tested. (3) 
Soybean shows good resistance to drought and high rainfall 
conditions. (4) For better germination and nodulation, 
soybean seed must be treated with a fungicide and rhizobium 
culture before planting.

2347. Chang, Te-Tzu. 1983. The origins and early cultures 
of cereal grains and food legumes. In: David N. Keightley, 
ed. 1983. The Origins of Chinese Civilization. Berkeley, 
California: Univ. of California Press. xxxi + 617 p. See p. 
65-94. [133 ref]

• Summary: An excellent overview. Prehistoric civilization 
in China began to bloom and spread when crop production 
progress was made “in the central plain, in areas bordering 
the southern banks of the Yangtze Chiang basic, and 
probably in the adjoining areas. Shu (1 Chinese character 
given) (millet), chi (1 Cc) (millet), tao (1 Cc) (rice), mai (1 
Cc) (barley and wheat), and shu (1 Cc) (soybeans)–the fi ve 
cereals mentioned in mythological writings–provided the 
basic necessities for the eventual expansion and development 
of Chinese civilization.”
 A map (p. 67) shows “Geographic distribution of the 
cereals and soybeans in nine chou (districts) during the Chou 
dynasty.” A dark broken line shows the western and northern 
limit of rice cultivation ca. 450 BC, and a lighter broken line 
shows the western and northern limit of rice cultivation ca. 
100 BC; the shifted eastward and southward.
 “From the Spring and Autumn to the Warring States 
periods (722-256 B.C.) millets and soybeans were the staples 
of the north (Liu 1960 [in Chinese]).
 Both millets “are adapted to semi-arid climates and 
infertile soils.” They are also adapted to alkali soils. “The 
millets require less intensive care than other cereals...” (p. 
69).
 “From the beginning of the Warring States period, shu 
(the soybean) began to overtake the millets in predominance, 
as indicated by various writings. Between the Ch’in and 
Western Han, however, mai and ho (millets) still dominated 
shu (soybeans) (Liu 1960).
 Pages 80 and 81 are about “The soybeans and other 
legumes,” including: The origin and domestication of the 
soybean. Antiquity of the soybean. Impact of the soybean. 
“The shu pictograph can be traced back to approximately 
the eleventh century B.C. (Hu Tao-ching 1963). Both shu 
and jung-shu (2 Cc) appear in the odes [Book of Odes, Shih-
ching] several times (Ho 1975, p. 78).
 “The soybean probably emerged as a domesticate during 
the Chou dynasty (Ho 1969a: 168; Hymowitz 1970: 416). 
The proto-Tungusic people in the northeast plains could 
have brought the seeds to the early Chou court. It became 
widely disseminated in the Chou culture area only after 664 
B.C., following the expedition of Lord Huan of Ch’i, who 
brought seed from the Mountain Jung tribe (Ho 1975: 77-
79). As the Ch’in dynasty expanded and trade increased, the 
legume spread to the south (Li Ch’ang-nien 1958), to Korea, 
Japan, and southeast China. The northeastern provinces 
became a center of diversity (Hymowitz 1970). The soybean 
thrives better in mesophytic regions than in arid zones 
(see King 1966: 180 for comparative data on effi ciency of 
transpiration).
 “Millet and soybeans became important crops grown 
in rotation in about the fourth century B.C. The long lapse 
between the fi rst domestication of millet and that of the 
soybean indicates a prolonged process of trial and error by 
people who were probably of different tribes (Ho 1975: 80).
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 “Impact of the Soybean: Soon after domestication and 
dissemination during the Chou dynasty, the soybean became 
an important source of plant protein. Because its root nodules 
fi x nitrogen, it entered into the widely practiced millet and 
soybean rotation system (this is mentioned in the Kuan-tzu 
{2 Cc} of the fi fth to third century B.C.; Li Chang-nien 
1958). Within three centuries, millet and soybeans became 
the major crops in areas north of the Huai river.” Address: 
Geneticist and Leader, Genetic Resources Program, The 
International Rice Research Inst., P.O. Box 933, Manila, 
Philippines.

2348. EMBRAPA–Empresa Brasileira de Pesquisa 
Agropecuária. 1983. Bibliografi a internacional da soja 
Glycine max L. Merrill [International bibliography of 
soybeans. 3 vols.]. Brasilia, DF, Brazil: EMBRAPA, 
Departamento de Difusao de Tecnologia (DDT). 2,390 p. 
28 cm. Author and subject indexes. Price: $175. [19571 ref. 
Eng]
• Summary: The fi rst two volumes (1603 p.) contain 19,571 
references under 75 sections. Each reference, which is 
written entirely in uppercase letters, lists the main keywords 
after the title. Thus, for example, the fi rst line of reference 
08718 reads as follows: “Soybean quality change and its 
infl uences on food processing. Keywords: temperature 
humidity deterioration germination protein solids yield 
natto tofu aburage milk. The second line lists the authors as 
follows: Ohta T, Takano K, Nikkuni I, Hashizume K, Saio K. 
Line 3 contains the abbreviated journal title (ISO standard), 
a 2-letter abbreviation of the original language of the article, 
followed by the volume number and reference number as 
originally published in Biological Abstracts (BIOSIS).
 The third volume (unpaginated, about 795 pages) 
contains an author index and a subject index. The latter is 
based on keywords. Suppose we were looking in the subject 
index for references concerning tofu. Looking alphabetically 
under tofu, the record described above would appear as 
follows (on one in all uppercase letters): “ein solids yield 
natto tofu aburage milk
 Soybean quality” The subject index lists 20 references in 
which tofu is a keyword.
 This bibliography, concerns mostly soybean production 
rather than utilization, but there are 1,584 references 
on soyfoods, all published since 1970. No abstracts are 
included. Price: $175.
 The 75 section/subject headings are: Aerospace and 
underwater biological effects. Agronomy. Allergy. Animal 
production (includes fur-bearing animals). Bacteriology, 
general and systematic. Behavioral biology. Biochemistry. 
Biophysics. Blood, blood-forming organs and body 
fl uids. Bones, joints, fasciae, connective and adipose 
tissue. Botany, general and systematic. Cardiovascular 
system. Chemotherapy. Chordata, general and systematic 
zoology. Cytology and cytochemistry. Dental and oral 

biology. Developmental biology-embryology. Digestive 
system. Disinfection, disinfectants and sterilization. 
Ecology (environmental biology). Economic botany. 
Economic entomology (includes chelicerata). Endocrine 
system. Enzymes. Food and industrial microbiology. Food 
technology (non-toxic studies). Forestry and forest products. 
General biology. Genetics of bacteria and viruses. Genetics 
and cytogenetics. Gerontology. Horticulture. Immunology 
(immunochemistry). Immunology, parasitological. 
Integumentary system. Invertebrata, comparative and 
experimental studies. Invertebrata, general and systematic 
zoology. Laboratory animals. Medical and clinical 
microbiology (includes veterinary). Metabolism. Methods, 
materials and apparatus, general. Microbiological apparatus, 
methods and media. Microorganisms, general (includes 
protista). Morphology and anatomy of plants (includes 
embryology). Morphology and cytology of bacteria. 
Muscle. Neoplasms and neoplastic agents. Nervous system 
(includes sense organs). Nutrition. Palynology. Parasitology 
(includes ecto- and endoparasites). Pathology, general and 
miscellaneous. Pediatrics. Pest control, general (incl. plants 
and animals, pesticides, herbicides). Pharmacognosy and 
pharmaceutical botany. Pharmacology. Physiology and 
biochemistry of bacteria. Phytopathology. Plant physiology, 
biochemistry and biophysics. Poultry production. Psychiatry. 
Public health. Radiation biology. Reproductive system. 
Respiratory system. Sense organs, associated structures and 
functions. Social biology (includes human ecology). Soil 
microbiology. Soil science. Temperature: Its measurement, 
effect and regulation. Tissue culture, apparatus, methods and 
media. Toxicology. Urinary system and external secretions. 
Veterinary science. Virology, general. Address: Brasilia, DF, 
Brazil.

2349. Hadley, P.; Summerfi eld, R.J.; Roberts, E.H. 1983. 
Effects of temperature and photoperiod on reproductive 
development of selected grain legume crops. In: D. Gareth 
Jones & D.R. Davies, D.R., eds. 1983. Temperate Legumes: 
Physiology, Genetics and Nodulation. London & Boston, 
Massachusetts: Pitman. 442 p. See p. 19-41. Illust. 25 cm. 
Pitman Series in Applied Biology. [32 ref]
• Summary: Page 19: “Whether or not grain legumes make 
the most productive use of the growing season available 
depends to a large extent on when they come into fl ower, 
the number of nodes which become reproductive, whether 
their growth habit is determinate or indeterminate and, 
related to this morphological distinction, on the synchrony 
or otherwise of fruit growth in different climatic and edaphic 
conditions. For example, when they are planted at latitudes 
further south, determinate soyabean gentotypes well-adapted 
to northern latitudes in the USA are induced to fl ower too 
early and, because they are determinate, cannot exploit the 
longer growing season. Conversely, indeterminate genotypes 
well-adapted to the south are delayed in fl owering (by the 
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longer days and cooler temperatures) when planted in the 
north. Although they produce many nodes, their reproductive 
phase is arrested by frosts and yields are small (Scott and 
Aldrich, 1970). Thus, breeders of grain legume crops usually 
wish to characterise their germplasm into various ‘maturity 
classes,’...”
 The higher the temperature, the faster the rate of 
reproductive development in soybeans. Address: Dep. of 
Agriculture and Horticulture, Univ. of Reading, Reading, 
England.

2350. International Institute of Tropical Agriculture. 1983. 
Annual report 1982. Ibadan, Nigeria. 217 p.
• Summary: The section titled “Soybeans” (p. 76-87), 
within the Grain Legume Improvement Program, discusses: 
Genetic improvement, entomology, and virology. “In 1982 
the soybean improvement program distributed international 
trials to 25 cooperators in Africa, Asia, and South America. 
Researchers from IITA and from Ivory Coast, Zaire, Zambia, 
Zimbabwe and Cameroon exchanged germplasm and visited 
one another’s research sites. IITA medium and late maturity 
varieties were grown by cooperators in the all-Nigerian 
cooperative trials at twelve sites in Nigeria.” Breeding lines 
were grown at fi ve locations in Nigeria: Zaria, Mokwa, 
Ilorin, Ilora, and Ibadan. Address: Ibadan, Nigeria.

2351. Jones, D. Gareth; Davies, D.R. eds. 1983. Temperate 
legumes: physiology, genetics and nodulation. London, 
Boston, Massachusetts & Melbourne: Pitman Advanced 
Publishing Program. 442 p. Illust. No index. 25 cm. Pitman 
Series in Applied Biology.
• Summary: Contents: Preface,
 Physiology and the legume symbiosis, by P.S. Nutman.
 Effects of temperature and photoperiod on reproductive 
development of selected grain legume crops, by P. Hadley, 
R.J. Summerfi eld and E.H. Roberts.
 Reproductive physiology and yield stability in Vicia faba 
L., by P. Gates, M.L. Smith, Gretel White and D, Boulter.
 Genetic variation in yield processes of grain legumes 
and their responses to temperature. by R.C. Hardwick
 Yielding ability and competitive ability of forage 
legumes under contrasting defoliation regimes. by Ian 
Rhodes and A.W. Ngah.
 Genetic variation in yield components of Trifolium 
repens at low temperature, by J.H. Ollerenshaw.
 Mineral nutrition of leafy legumes, by P.J. Goodman and 
Janet Edwards.
 Nitrogen fi xation and the carbon economy of the leafy 
legume, by G.J.A. Ryle
 Developing an improved plant model for the pea crop, 
by C.L. Hedley, M.J. Ambrose and K.A. Pyke.
 Competition for assimilates within and between pods as 
a factor in the regulation of seed size in Pisum sativum, by 
D.M. Harvey.

 The relative importance of nitrogen assimilation and 
dinitrogen fi xation in the economy of the pea crop, by A.P. 
Sims, B.F. Folkes, D.J. Barber and D. Walls
 Changes in the partitioning of assimilate of Vicia faba in 
response to environment, by R. Thompson.
 Assimilate partitioning in a determinate variety of fi eld 
bean, by D.A. Micer, G.P. Chapman, M. Standish and M. 
Bailey.
 A new technique for the measurement of the respiratory 
costs of symbiotic nitrogen fi xation, by F.R. Minchin, J.F. 
Witty and J.E. Sheehy.
 Aspects of the biochemistry and physiology of 
symbiotic nitrogen fi xation. by M.G. Yates. Towards an 
understanding of the symbiotic genes of Rhizobium, by J.E. 
Beringer and A.W.B. Johnston.
 Measurement of N2-fi xation by 15N fertiliser dilution; 
Problems of declining soil enrichment, by J.F. Witty
 Environmental effects on the physiology of nodulation 
and nitrogen fi xation, by J.I. Sprent, F.R. Minchin
 The infl uence of soil acidity factors on rhizobia, by J.E. 
Cooper, M. Wood and A.J. Holding.
 The ecology of Rhizobium, by D. Gareth Jones
 Host plant selection and breeding for improved 
symbiotic effi ciency, by L.R. Mytton.
 The effi ciency of utilization of biologically fi xed 
nitrogen in crop production systems, by A. Haystead.
 The application of inoculation in agriculture, by P. 
Newbould.
 “Preface: The temperate legumes are in some ways 
an enigma: their virtues are continually extolled yet their 
contribution to the agricultural economy of Britain never 
attains that which one might predict. The potential value 
of the grain legumes as break crops in the cereal economy 
of the eastern sector of the country remains attractive, but 
peas and beans are crops which still pose problems in terms 
of ease of harvesting, yield, regularity of cropping and 
susceptibility to disease. Of equal attraction in theory, albeit 
to a different sector of our agricultural industry, are the 
forage legumes, but of these only white clover is maintaining 
its position–the acreage of red clovers and lucerne continues 
to decline.
 “When viewed in this context, it was timely and 
important that the Association of Applied Biologists should 
organize a symposium which in essence posed the question 
‘Why is it that crops which have the signifi cant potential 
advantages of an ability to fi x their own nitrogen, and a 
relatively high protein content are not more successful?’ 
The organizers Dr. R.N. Crossett and Dr. D. Gareth Jones, 
brought together a group of physiologists, geneticists, 
microbiologists and plant breeders to consider the many 
facets of this problem, and they are to be congratulated on 
overcoming the natural prejudices of specialists who more 
often than not want to be with their own kind. The extent 
of the interaction was impressive and it is hoped that this 
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volume will provide a clearer idea both of the problems and 
of the challenges that exist in this area of plant biology.
 “D.R. Davies” Address: England.

2352. Jones, Roger Allen. 1983. Potential of acid resistant 
and fungicide resistant Rhizobium japonicum strains for 
improvement of nitrogen fi xation in soybeans. PhD thesis, 
University of Georgia. 98 p. Page 1298 in volume 44/05-B of 
Dissertation Abstracts International. *
Address: Univ. of Georgia.

2353. Ohyama, Takuji. 1983. Comparative studies on the 
distribution of nitrogen in soybean plants supplied with N2 
and NO3- at the pod fi lling stage. Soil Science and Plant 
Nutrition (Tokyo) 29(2):133-45. [5 ref]
• Summary: “Well nodulated soybean plants were subjected 
to 15N2 or 15NO3- pulse label experiments at the pod fi lling 
stage, when the vegetative organs and the pod shells were 
fully developed, and the seeds were growing rapidly.
 “Immediately after 10 hr of 15N2 treatment, only 36% 
of the fi xed 15N remained in the nodules, and the rest was 
located as follows; roots 9%, stems 17%, leaves 18%, 
pod shells 10%, seeds 10%. During the 5 consecutive 
days of cultivation under non-labelled conditions, 15N 
content decreased in the nodules, roots and sterns, and the 
corresponding amount of 15N was translocated to the seeds.” 
Address: Dep. of Agricultural Chemistry, Niigata Univ., 
Niigata, 950-21 Japan.

2354. Ohyama, Takuji; Kawai, S. 1983. Nitrogen 
assimilation and transport in soybean leaves: Investigation by 
petiole girdling treatment. Soil Science and Plant Nutrition 
(Tokyo) 29(2):227-31. [9 ref]
• Summary: “It is known that the plant leaf often plays an 
important role in the assimilation of nitrogen in addition to 
supplying the photosynthetically produced carbohydrates to 
the other parts. As for the nitrogen assimilation and transport 
in the leaf, it is necessary to know how the nitrogenous 
compounds are transported to the leaves and assimilated 
there, and reexported from the leaf to the other parts. 
However, direct evidences are not fully provided, probably 
because it is fairly diffi cult to separate the compounds 
imported via xylem and those exporting nitrogen via 
phloem.” Address: 1. Dep. of Agricultural Chemistry, Niigata 
Univ., Niigata, 950-21 Japan.

2355. Rennie, Robert J.; Dubetz, Steve. 1983. Soybeans 
as a nitrogen-fi xing crop. In: 1983. Research Highlights, 
Agriculture Canada, Research Station, Lethbridge. See p. 
76-80. *
Address: Lethbridge, Alberta, Canada.

2356. Holowach, Lorraine P.; Thompson, J.F.; Madison J.T. 
1984. Effects of exogenous methionine on storage protein 

composition of soybean cotyledons cultured in vitro. Plant 
Physiology 74(3):576-83. March. [37 ref]
• Summary: “Abstract: Supplemental methionine in a 
complete culture medium increased the methionine content 
of the protein fraction of cultured soybean... (Thompson, 
Madison, Muenster 1981 Phytochemistry 20:941-945). 
To explain the observed increase in protein methionine, 
we have measured the amounts and subunit compositions 
of 7S and 11S storage proteins and determined the amino 
acid compositions of the three major protein fractions (2-
5S, 7S, 11S) of seeds developed on plants and of cultured 
cotyledons grown in the presence or absence of supplemental 
L-methionine.” Address: U.S. Plant, Soil and Nutrition 
Lab., Agricultural Research Service, USDA and Division of 
Biological Sciences, Cornell Univ., Ithaca, New York 14853.

2357. Rennie, J. Clare. 1984. A look at the progress of 
soybeans [in Canada] in the last decade. In: Ontario Soya-
Bean Growers’ Marketing Board. ed. 1984. Ontario Soybean 
Symposium. Chatham, Ontario, Canada: OSGMB. 319 p. 
See p. 22-35.
• Summary: “In 1893, Professor C.A. Zavitz, crop specialist 
at the Ontario Agricultural College, grew probably the fi rst 
fi eld of soybeans, as a replacement for cow peas which had 
failed, and set in motion a 30-year variety testing program 
for Ontario farmers. Canada’s fi rst new variety, OAC 211, 
was introduced in 1923; this was followed in the 1930’s 
by three early maturing ones, A.K., Mandarin, and Capital, 
introduced by Dr. Dimmock of the Harrow Dominion 
Experimental Station. A colleague, Dr. Cass Owen, was the 
originator of Harosoy, introduced in 1951. It quickly became 
a leading Ontario variety as well as the main one grown in 
the American soybean belt for many years...
 “However, soybeans were not a major crop in Ontario, 
or for that matter in the USA, until the Second World War. 
What was grown was largely for green manure and forage. 
The statistics on soybeans in Ontario were not even given 
separately until 1942. The predominance of linseed meal and 
cottonseed meal and oil was too strong to be easily overcome 
by another crop. The wartime demand for an easily available 
source of vegetable oil and protein gave soybean production 
its fi rst big boost...
 “In Ontario, the production fi gures for the last decade 
show... sharp increases. Aside from demand which made 
it economically attractive for farmers to grow soybeans, 
this increase has been made possible by a breeding and 
management research program to extend Ontario’s soybean 
area and to maintain yields at competitive levels. Until the 
late 1970’s, virtually all of the province’s soybeans were 
grown in Essex, Kent, Lambton, Middlesex, and Elgin 
Counties. With new early maturing, high-yielding varieties 
adapted to the growing conditions in Central, Western and 
Eastern Ontario, production in these areas is increasing 
rapidly. The number of hectares planted has risen from 4,010 
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ha in 1972 to 61,500 ha in 1982...
 “The Ontario breeding program has emphasized not only 
early maturity and high yields, but also resistance to disease 
and to pod shattering, and good nodulation capabilities. 
Under the direction, since 1976, of Dr. Wally Beversdorf... 
the program is rapidly coming of age. Maple Arrow, a 
high-yielding variety adapted to 2,600 heat unit areas, was 
developed at the Central Experimental Farm, Ottawa. Its 
introduction in 1976 was the shot in the arm needed to 
expand the soybean-growing area, and the OMAF/Guelph 
program is aimed at continuing this expansion...
 “In the last decade, we have largely overcome 
nodulation problems, with the introduction of granular 
inoculants in the mid-1970’s. These inoculants, which have 
proven particularly effective in fi rst-time soybean fi elds...
 “The introduction of a fl exible fl oating cutterbar has 
further cut harvest losses, which had been as high as 30 
percent with rigid cutterbars and conventional combines...
 “With the establishment of the [Maple Leaf Monarch] 
crushing facility at Windsor [in July 1979], the province’s 
daily crushing capacity has increased by 300 tonnes per 
day, and the three crushing plants at Toronto, Hamilton, and 
Windsor are crushing about 35 million bushels of soybeans 
each year.”
 Table 4 shows that in 1972 only 9,909 acres (2.5% of 
the total Ontario province planting) took place outside the 
traditional fi ve-county region. By 1982 this had increased to 
151,964 acres (17% of the total planting)–largely due to the 
development of new short-season varieties in the “Maple” 
series, which matured in 100-108 days at 2200 to 2550 heat 
units. Address: Asst. Deputy Minister of Technology and 
Field Services, Ontario Ministry of Agriculture and Food 
(OMAF).

2358. Chamber, Manuel A. 1984. Report on the activities of 
the member institutes of the sub-network on inoculation with 
Rhizobium japonicum in the period 1980-82. Eurosoya No. 
2. p. 60-62. April. [Eng; Fre]
• Summary: Summarizes the research conducted at each 
of various institutes throughout Europe–in Italy, Hungary, 
France, and Spain. Address: Liaison Offi cer, INIA, Seville, 
Spain.

2359. Chamber, Manuel A. 1984. Efectos de la fertilizatión 
foliar sobre la nodulación y los rendimientos en soja [Effects 
of foliar fertilizer on the nodulation and the yields of 
soybean]. Eurosoya No. 2. p. 33-38. April. [19 ref. Spa; spa; 
eng; fre]
• Summary: “Two [soybean] varieties (Amsoy 71 and 
Williams), were fertilized via foliar at two different periods 
of growth:
 “(a) Before blooming, by means of an iron chelate at 3 
rates (0, 0.15 and 0.3 Kg/Ha);
 “and (b) during pod formation, when 6 treatments were 

applied (N, N + P, N + K, N + P + K, N + P + K + S and 
Control), dividing the amounts (N = 80. P = 8, K = 24, S = 4 
Kg/Ha) between 4 dates, one week apart.
 “The leaf area was partially burned by the nitrogen 
sprayings, mainly on Amsoy 71; however, chlorosis 
decreased signifi cantly on the susceptible variety (Williams). 
Nodulation was improved by iron in Amsoy 71; on the 
contrary, N and its combinations produced smaller size 
and weight of nodules per plant, perhaps, because of leaf 
burning. Grain yields increased on Williams with the iron 
application, and they were generally smaller for N and 
the other macronutrients, especially under K treatment.” 
Address: I.N.I.A., Apdo. 13, San Jose de la Rinconada, 
Seville, Spain.

2360. Moawad, H.A.; Ellis, W.R.; Schmidt, E.L. 1984. 
Rhizosphere response as a factor in competition among 
three serogroups of indigenous Rhizobium japonicum 
for nodulation of fi eld-grown soybeans. Applied and 
Environmental Microbiology 47(4):607-12. April. [22 ref]
• Summary: “Rhizosphere response was studied as a factor 
in competition among indigenous Rhizobium japonicum 
serogroups for the nodulation of soybeans under fi eld 
conditions. R. japonicum serogroups 110, 123, and 138 were 
found to coexist in a Waukegan fi eld soil where they were 
determined to be the major nodulating rhizobia in soybean 
nodules.”
 In North America, strains of Bradyrhizobium japonicum 
serogroup USDA 123 are prevalent in many soils.
 Note: The word “serogroup” is mentioned 97 times in 
this article, the term “serogroup 123” is mentioned 30 times, 
and “R. japonicum serogroup 123” is mentioned 13 times. 
This latter serogroup was found to “dominate nodulation 
of soybeans regardless of the inoculation practice or of the 
cultivar grown.”
 The word “USDA” does not appear. Address: Dep. of 
Soil Science, Univ. of Minnesota, St. Paul, Minnesota 55108.

2361. Obaton, M. 1984. Activités su Laboratoire de 
Recherches sur les Symbiotes des Racines [Activities of the 
Research Laboratory of Root Symbionts]. Eurosoya No. 2. p. 
56-57. April. [Fre; fre; eng]
• Summary: A symbiont or symbiote is an organism living in 
a state of symbiosis, i.e., living is a partnership with another 
organism such that each profi ts from their being together. 
Address: I.N.R.A., 9 place Viala, 34060 Montpellier Cedex, 
France.

2362. Saric, Z.; Milic, V. 1984. Studies of nodular bacteria of 
soybean. Eurosoya No. 2. p. 58. April. [Eng]
• Summary: “Problems studied: (1) Collection of bacterial 
strains on soybean. (2) Selection of Rhizopus japonicum 
strains for increased effi ciency. (3) Production of Rh. 
japonicum for soybean.
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 “So far a large number of strains have been isolated. 
Attention is focused on the problem of effi ciency of Rh. 
japonicum strains. A method of selection of active strains 
by growth regulators has been devised. Changes of Rh. 
japonicum strains in chernozem soil under the effect of crop 
rotation are also studied.
 “The collection of Rh. japonicum strains will be 
enlarged by new strains from those parts of Yugoslavia 
where these nodular bacteria occur as the native microfl ora 
of the soil.
 “The Department of Microbiology made preparations 
for soybean planting in 1982 by producing Rh. japonicum for 
soybean for 72,000 a. Four highly effi cient Rh. japonicum 
strains isolated in the previous period were used in the 
production of Rh. japonicum.
 “Another important target in the selection of Rh. 
japonicum is the problem of compatibility between Rh. 
japonicum strains and the soybean varieties grown, i.e., 
which partners will readily enter the symbiotic relationship 
during the growth period of soybean. The results obtained 
show that bacterial effi ciency may the increased by carefully 
selecting the partners.
 In January 1942, as part of the Holocaust, there was a 
massacre of Jews at Novi Sad, a city on the Danube. Note: In 
1945 Novi Sad became part of Yugoslavia. Since 2006 Novi 
Sad has been part of independent Serbia. Address: Faculty of 
Agriculture, Novi Sad, Yugoslavia [in today’s Serbia].

2363. Vidal, A.; Astruc, C. 1984. Etude comparative de la 
croissance et du développement de quelques variétés de soja 
[Comparative study of the growth and development of some 
soybean varieties]. Eurosoya No. 2. p. 39-46. April. [4 ref. 
Fre; fre; eng; spa]
• Summary: “16 Chinese varieties and 16 European and 
American varieties have been observed in order to:
 “evaluate genetic variability for development cycle;
 “investigate relations between development cycle and 
main yield components.
 “Chinese varieties bring a new variability for 
development cycle (earlier R1 stage, longer R1 & R4 phases) 
and yield components (larger seeds, less branches).
 “On the other hand, it is observed that the node 
formation rate, before R1 stage, is the same, whatever 
the variety may be, and that an unfavourable competition 
between seeds and nodes formation occurs during R1 & R4 
phases.
 “These results show the potential interest of cycle 
development studies in order to fi nd new breeding criteria 
for yield.” Address: I.N.R.A., Station d’Amélioration des 
Plantes, Domaine de Melgueil, Chemin de Mezouls, 34130 
Maugio, France.

2364. Dunigan, E.P.; Bollich, P.K.; Hutchinson, R.L.; Hicks, 
P.M.; Zaunbrecher, F.C.; Scott, S.G.; Mowers, R.P. 1984. 

Introduction and survival of an inoculant strain of Rhizobium 
japonicum in soil. Agronomy Journal 76(3):463-66. May/
June. [13 ref]
• Summary: “A 7-year experiment was begun in 1976 to 
determine if a nonindigenous inoculant strain of Rhizobium 
japonicum could be introduced into, and survive in a soil in 
Louisiana.”
 “Results of this study were interpreted to indicate that 3 
years of massive soil inoculation with a nonindigenous strain 
of R. japonicum allowed the permanent establishment of 
this strain into the soil. Once established, this strain became 
competitive with the native rhizobia in the soil, and each year 
formed a higher percentage of the nodules on the soybean 
roots.” Address: Louisiana Agric. Exp. Station, Baton Rouge, 
LA.

2365. Nelson, Werner L. 1984. Progress in soybean 
production practices. In: S. Wong, et al., eds. 1984. 
Proceedings of the Second U.S.-China Soybean Symposium. 
Washington, DC: USDA OICD. xix + 464 p. See p. 54-76. 
[42 ref]
• Summary: Contents: Introduction. Production practices: 
Tillage, water use effi ciency (WUE), soil profi le 
modifi cation, plant spacing, date of planting, double 
cropping. Plant nutrients: High yields take up high amounts 
of nutrients, potassium is a major nutrient in soybeans, 
placement of phosphorus may infl uence yield, soil pH and 
micronutrients, nitrogen fi xation, response to applied N, 
moisture stress and response to nutrients, recommendations 
based on soil tests and yield goals, plant analyses, quality of 
soybeans. Interactions. Establish a maximum yield system 
area on farms: Yield goal, soil, tillage, hybrid or variety, row 
width, population, inoculation, planting date, pest control, 
duration, rotation, fertility, soil testing, plant analysis, 
measure, fi gure, evaluate. Address: Potash & Phosphate Inst.

2366. Toumbi, Bienvenu; Gomes, Joaquim Vincente. 1984. 
Etat de la question de l’implantation, du développement et de 
l’amélioration de la culture du soja en Afrique noire [State of 
the question of implantation, development, and improvement 
of soybean cultivation in black Africa]. Paris: Club de Dakar. 
101 p. [148 ref. Fre]
• Summary: Contents: Acknowledgments. Outline of the 
report. Introduction: The world’s major soybean producers 
1979-1984 with production, area and yields (USA, Brazil, 
China, Argentina, Mexico), major soybean producers in 
Europe (USSR, Romania, Yugoslavia, Bulgaria). Part I: The 
implantation of soybean cultivation in black Africa. Zones of 
production: Nigeria, Zimbabwe. Zones of experimentation: 
Senegal, Cameroon (since 1924), Madagascar, Cote d’Ivoire 
(since 1974), Togo (since 1969), Benin (since 1969), Ghana 
(from 1909), Rwanda (from 1930), Upper Volta, Mali 
(from 1977), Gabon, Other (Guinea-Bissau, Central African 
Republic, Congo, Guinea, Ethiopia).
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 Part II: Development and improvement of soybean 
culture. Improvement–Contribution of the research centers 
and institutes (IRAT, IRHO, GERDAT): Localization of the 
regions adapted to soybean cultivation, varietal selection 
and inoculation. Development: Popularization of cultivation, 
products derived from soya, mechanization of cultivation 
(planting, harvest).
 Part III: Socioeconomic aspects of the future of soy 
projects in Africa. The problems of supply: The peasants, the 
public powers. The markets for soya: For grain, for cake and 
meal, for oil, the world market for soy proteins (fl ours, soy 
concentrates, soy isolates, textured soy protein products), 
African markets for soya. Conclusion.
 Appendixes. I. General information about soya: 
Cultivation, requirements of the plant (climate, water, 
soil, photoperiod), good for use in crop rotations. II. 
Techniques of inoculation. III. Products derived from soya. 
IV. Consumption of soya in traditional products: In Africa 
(Sumbala, faros or to de Soja, tofu, soy bread, soy as a 
condiment, roasted soya used as coffee in Madagascar), in 
Asia. V. Initials and abbreviations. Bibliography (extensive 
but incomplete references; country by country as follows): 
General (52 references). Africa (general; 3). Cameroun (24). 
Central Africa (1). Cote d’Ivoire (16). Gabon (3). Upper 
Volta [Burkina Faso] (4). Ethiopia (2). Madagascar (13). 
Mali (4). Senegal (20). Togo (6).
 A map of Africa (p. 15) shows 4 types of nations: (1) 
Those now producing soybeans (mainly English-speaking 
countries such as Egypt, Nigeria, Zaire, Uganda, Burundi, 
Tanzania, Zambia, Zimbabwe, and South Africa); (2) Those 
now producing and experimenting with soybeans (Senegal, 
Guinea-Bissau, Cote d’Ivoire, Upper Volta, Cameroon, 
Gabon, Rwanda, etc.); (3) Those only experimenting with 
soybean cultivation (Mali, Guinea, Ghana, Togo, Benin, 
Ethiopia, Central Africa Republic, and Madagascar); and (4) 
Those apparently not either producing or experimenting with 
soybeans (Morocco, Algeria, Tunisia, Libya, Mauritania, 
Sierra Leone, Niger, Chad, Sudan, Djibouti, Somalia, 
Kenya, Malawi, Mozambique, Angola, Namibia, Botswana). 
Address: Université Paris X., Nanterre, France.

2367. Duong, Tran Phuoc; Diep, C.N.; Khiem, N.T.; Hiep, 
N.H.; Toi, N.V.; Lich, N.V.; Nhan, L.T.K. 1984. Rhizobium 
inoculant for soybean (Glycine max (L.) Merrill) in Mekong 
Delta. I. Response of soybean to Rhizobium inoculation. 
Plant and Soil 79(2):235-40. June. [8 ref]
• Summary: Inoculation with an imported granular inoculant 
increased yields from less than 500 kg/ha to nearly 2700 kg/
ha. Address: Tropical Biological Nitrogen Research Center 
(TBNRC), Univ. of Can Tho, Can Tho, Hau Giang, Viet 
Nam [Vietnam].

2368. Duong, Tran Phuoc; Diep, C.N.; Khiem, N.T.; Hiep, 
N.H.; Toi, N.V.; Lich, N.V.; Nhan, L.T.K. 1984. Rhizobium 

inoculant for soybean (Glycine max (L.) Merrill) in Mekong 
Delta. II. Response of soybean to chemical nitrogen fertilizer 
and Rhizobium inoculation. Plant and Soil 79(2):241-47. 
June. [3 ref]
• Summary: In further trials, yields of inoculated soybeans 
(>2800 kg/ha) were ten times as high as those without either 
inoculation or nitrogen fertilizer, and over twice a high as 
uninoculated plants which received 80 kg N/ha of urea. 
Address: Tropical Biological Nitrogen Research Center 
(TBNRC), Univ. of Can Tho, Can Tho, Hau Giang, Viet 
Nam [Vietnam].

2369. Eriksen, F.I.; Whitney, A.S. 1984. Effects of solar 
radiation regimes on growth and nitrogen fi xation of 
soybean, cowpea, and bushbean. Agronomy Journal 
76(4):529-35. July/Aug. [34 ref]
• Summary: Tropical legumes in Hawaii yield in relation to 
shading. The response of soybean to shade was intermediate 
with no reduction in dry matter and grain yield at 70% sun. 
Soybean total nodule activity (TNA) peaked 3-4 weeks after 
fl owering. Address: Dep. of Agronomy and Soil Science, 
Univ. of Hawaii, Honolulu, HI 96822.

2370. Soyanews (Sri Lanka). 1984. Fertiliser: A low-cost 
nitrogen source. 6(12):4-5, 8. Aug.
• Summary: “This is a report of a lecture delivered recently 
at the Institute of Fundamental Studies, Colombo, by 
Professor S.A. Kulasooriya of the Botany Department, 
University of Peradeniya.”
 “Nitrogen fertiliser, a key factor in crop yields, is at 
present supplied largely by the chemical industry. To meet 
the world wide demand for this important agricultural 
nutrient chemical factories burn two million barrels of 
oil per day. Increasing costs of manufacture as well as 
uncertainty of supply of this non-renewable source of energy 
are compelling scientists to turn to alternative sources of 
nitrogen supply.”
 “It is time... we gave serious thought to biological 
nitrogen fi xation (BNF) to lessen the agricultural catastrophe 
now facing the Third World.”
 Legumes such as soyabeans have long used bacteria in 
their root nodules to fi x nitrogen in the soil. Likewise, blue-
green algae (cyanobacteria) work independently in fi xing 
nitrogen; in rice fi elds they have been shown to contribute 
25-30 kg/ha of nitrogen per crop. Azolla is an algae found in 
paddy fi elds; each leaf is a nitrogen factory.
 “The negative effects of the application of [chemical] 
fertilisers are also becoming evident... Soil fertility is the 
ability of a soil to promote and sustain optimal plant growth. 
This includes the supply of plant nutrients, retention of soil 
moisture, maintenance of soil aeration and sustenance of soil 
microbial activities conducive to plant growth.
 “While it is true, he said, that the application of chemical 
fertilisers has had dramatic results within a short period, the 
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continuous, indiscriminate use of chemical has led in the 
long run to the depletion of soil organic matter and the loss 
of the physical characteristics of soil that are favourable for 
plant growth.
 “In turn this has led to a vicious circle where fertiliser 
use becomes an essential prerequisite to sustain the 
productivity of soils. There is also the added danger of 
environmental pollution being caused by the leaching of 
fertilizer and the hazard to health being caused by increasing 
levels of nitrates in ground water.”
 On tea plantations “there is hardly any organic matter in 
the topsoil.”

2371. Soyanews (Sri Lanka). 1984. Experiment: Soya in 
paddy fi elds. 6(12):6. Aug.
• Summary: “This is the translation of an article appearing 
in Krushi, published by the Dept. of Agriculture [Sri Lanka]. 
It is written by W. Ratnayaka, A.D.A. Anuradhapura and 
Agricultural Instructor P. Sirisena.”
 The soyabean does well in both drought and wet 
conditions. It helped to maintain soil fertility and profi ts 
when grown in a paddy fi eld.

2372. Shurtleff, William; Aoyagi, Akiko. 1984. How to 
grow soybeans in your home garden. Soyfoods Center, P.O. 
Box 234, Lafayette, CA 94549. 7 p. Oct. 15. Unpublished 
typescript. [3 ref]
• Summary: Contents: Introduction. Growth requirements: 
Latitude and climate, soil conditions. Selecting seed: 
Photoperiod sensitivity, maturity groups, vegetable versus 
fi eld soybeans, sources of seed, how much seed to use. 
Inoculation. Soil preparation and planting: Planting date, 
soil preparation, row and seed spacing. Crop management. 
Protection. Harvesting. Drying and storing the soybeans. 
Saving seed. Putting the garden to bed. Bibliography. 
Address: Lafayette, California.

2373. Shurtleff, William; Aoyagi, Akiko. 1984. History 
of soybeans in Illinois. Soyfoods Center, P.O. Box 234, 
Lafayette, CA 94549. 16 p. Oct. 29. Unpublished typescript. 
Available online at www.soyinfocenter.com.
• Summary: A comprehensive history of the subject. 
Contents: Introduction: Passed North Carolina in 1924 to 
become America’s largest producer of soybeans, produced 
over 50% of nation’s soybeans in 1930’s, reasons for success. 
The early years (1890’s-1919): First research April 1896, 
slow advancement in early 1900’s, learned of importance of 
nitrogen-fi xing bacteria, soybean inoculation, and nodulation, 
slow expansion of soybean acreage until late 1910’s when 
demand for oats and hay decreased due to replacement of 
horses and mules. The 1920’s: Rapid growth to stardom, 
Univ. of Illinois prime supporter of American Soybean 
Association (ASA) from its 1920 founding, establishment 
of U.S. Regional Soybean Industrial Products Laboratory 

at Urbana campus in 1936 a major event in the university’s 
soybean history, cooperative effort of the 12 north central 
states and the USDA, establishment of northern branch 
of the U.S. soybean germplasm collection at the Univ. of 
Illinois in 1949, founding of International Soybean Program 
(INTSOY) from work with India. Burlison, Hackleman, and 
Woodworth: Agronomists and soybean missionaries from the 
Univ. of Illinois. W.L. Burlison: Head of Dep. of Agronomy 
from 1920-1951, one of 2 prime pioneers in development of 
soybean industry in U.S. (with William J. Morse), early life 
and education, one of organizers and president of ASA, work 
at Univ. of Illinois. J.C. Hackleman: Extension agronomist at 
Univ. of Illinois, called “the soybean’s greatest missionary,” 
early life and education, work with soybeans, one of 
founders and president of ASA, publications, honors, death 
in 1970 at age 81. C.M. Woodworth: America’s leading early 
soybean breeder and fi rst soybean geneticist, early life and 
education, work prior to 1920, invited to Univ. of Illinois by 
Prof. Burlison in 1920, new varieties of soybeans introduced, 
published fi rst list of soybean genes in 1932, other work 
(supervision of 39 graduate students who got Ph.D.’s, 52 
publications, membership in societies, organization of 
associations), retired 1956, died 1960. Address: Lafayette, 
California. Phone: 415-283-2991.

2374. Kueneman, E.A.; Root, W.R.; Dashiell, K.E.; 
Hohenberg, J. 1984. Breeding soyabean for the tropics 
capable of nodulating effectively with indigenous Rhizobium 
spp. Plant and Soil 82(3):387-96. Oct. [14 ref]
• Summary: “Summary: Most soybean varieties fail to 
nodulate effectively in tropical soils unless inoculated with 
a competitive strain of Rhizobium japonicum. Developing 
countries in the tropics, with few exceptions, lack inoculant 
industries to produce and distribute viable inoculants to 
small farmers and extension programs to teach them to use 
inoculant. Several soybean genotypes have been identifi ed 
that nodulate effectively with many strains of the ‘cowpea’ 
inoculation group which is ubiquitous in tropical soils 
of Africa. Soybean that nodulate and grow well without 
inoculant application are called ‘promiscuous’. Methods for 
incorporation of the promiscuity character into high-yielding 
backgrounds are discussed.”
 Worldwide, soybeans are the most important oilseed 
and legume crop with nearly 100 million metric tons of 
seeds produced annually. There is now great interest in many 
tropical countries to promote soybean production to meet 
their growing demand for high-quality, low cost plant protein 
and vegetable oil. Address: International Institute of Tropical 
Agriculture, Ibadan, Nigeria.

2375. Scholla, Michael H.; Elkan, G.H. 1984. Rhizobium 
fredii sp. nov., a fast-growing species that effectively 
nodulates soybeans. International J. of Systematic 
Bacteriology 34(4):484-86. Oct. [16 ref]
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• Summary: “Bacteria which form effective nitrogen-fi xing 
nodules on the roots of leguminous plants are presently 
classifi ed into two genera, Rhizobium and Bradyrhizobium.”
 The former are relatively fast growing, with generation 
times of less than 6 hours, whereas Bradyrhizobium have 
generation times greater than 6 hours.
 Note: This is the earliest document seen (Aug. 2018) 
that formally classifi es fast-growing nitrogen fi xing bacteria 
into the genus Rhizobium and gives it the specifi c name 
Rhizobium fredii. Please note that this bacterium was fi rst 
reported by Keyser et al. in March 1982. Address: 1. Dep. of 
Biology, Memphis State Univ., Memphis, Tennessee 38152.

2376. Lamb, R.P.; Sichmann, W.; Bayona, L. 1984. Fixacao 
simbiótica do azoto atmosférico. Resultados de ensaios de 
inoculacao de soja (Glycine max) realizados na campanha 
1983/84 em Moçambique [Symbiotic fi xation of atmospheric 
nitrogen. Results of trials of inoculation of soybeans 
performed during the crop season 1983/84 in Mozambique]. 
Project UNDP/FAO/MOZ/80/020. Soya Development. 
Ministério de Agricultura, Maputo, Mozambique. [Por; eng]*
Address: FAO.

2377. MacLean, Jayne T. 1984. Nitrogen fi xation in 
soybeans, 1981-1984: 177 citations USDA National 
Agricultural Library Quick Bibliography Series NAL-BIBL 
85-10. 17 p. Revision and update of 81-04. [177 ref]
• Summary: “Data Base Searched: AGRICOLA.” Address: 
USDA National Agricultural Library, Farming and Forestry 
Branch.

2378. Saint-Macary, H. 1984. Rapport de mission ay 
Sénégal, 16 au 27 septembre 1984 [Report of the mission 
to Sénégal, 16 to 27 September 1984]. IRAT. 19 p. Plus 
appendixes. [Fre]*

2379. Wang, Lianzheng; Shao, Qiquan; et al. 1984. [Tumor 
induction of Glycine sp. by Agrobacterium tumefaciens and 
gene transfer]. Scientia Sinica No. 11. [Chi]*

2380. Bray, Francesca. 1984. Legumes (Document part). 
In: F. Bray. 1984. Science and Civilisation in China. Vol. 
6, Biology and Biological Technology. Part II: Agriculture. 
Joseph Needham series. Cambridge, England: Cambridge 
University Press. xxvii + 724 p. See p. 510-14. [49 ref]
• Summary: Note: Chinese characters are given for all 
romanized Chinese words or terms. Although legumes were 
among the earliest plants to be domesticated in West Asia 
and the Americas*, there is no solid evidence that legumes 
were cultivated in China in prehistoric times, even though 
several species were native to China, and even though 
legumes played a very important role in Chinese agriculture 
from the late Chou [ca. 722 B.C.] onwards.
 * Footnote: In the Near East and Europe carbonised peas 

and lentils, assumed to be domesticated, have been identifi ed 
at farming sites dating as far back as 7000 B.C. Various 
species of Phaseolus beans seem to have been domesticated 
in Peru and Mexico by the 6th millennium B.C. And 
groundnuts are believed to have been domesticated in the 
upper Amazon regions, in South Bolivia and North Argentina 
well before 3000 B.C.
 “Though remains of leguminous species have been 
found in one or two Chinese Neolithic sites, they have 
been identifi ed as broad beans (Vicia faba) and groundnuts 
(Arachis hypogaea); since the former is believed to have 
been introduced to China from Western Asia in Han times 
[220 B.C.–220 A.D.] and the latter is a native American 
species, the authenticity of these identifi cations is doubtful, 
to say the least” (Footnote: K.C. Chang. 1977. The 
Archaeology of Ancient China, 3rd revised ed.).
 “There are apparently no references to legumes in the 
Shang oracle records, and the earliest uncontested evidence 
for the cultivation of leguminous plants in China is found 
in Chou bronze inscriptions and in the Shih Ching. Both 
these sources refer to a crop called shu (Chinese characters 
given), and the early form of the character clearly depicts the 
nodules on the roots of the plants (Fig. 237). The term shu, 
though also used to refer to legumes in general, is primarily 
associated with the soybean, Glycine max (L.) Merrill, and 
its presence in these writings is usually taken to signify the 
domestication of this crop” (Footnote: Hu Tao-Ching {1963} 
in fact postulates a much earlier domestication [it must have 
been domesticated and well known long before it appeared 
in inscriptions on bronze vessels in 1024 B.C.]; Ping-To Ho 
{1975, p. 70} believes that domestication occurred about 
1000 B.C.)
 “In later lexicographical texts the term shu is usually 
qualifi ed when soybeans are referred to: jung shu, jen shu, 
and ta shu are mentioned (Footnote: In the Erh Ya and its 
commentary for example), and this does suggest that even in 
pre-Han times shu was used as a generic term for legumes 
rather than a specifi c term for soybeans. The modern term for 
soybean is ta tou, ‘greater bean,’ a term which fi rst appears in 
the -1st century Fan Sheng-Chih Shu. In classical times the 
term tou was applied only to a type of ‘wooden vessel or dish 
containing fl esh sauces at sacrifi ces or feasts’ (Bretschneider 
1882, vol. II, p. 162), but by Han times it seems that it was 
also used as a general term for pulse crops, as it still is today.
 “Whether or not the unqualifi ed term shu in early texts 
and inscriptions should be understood to refer to soybeans 
or to legumes in general, there is no doubt that the soybean 
was domesticated in China some time around the beginning 
of the Chou, for texts describing -7th-century events refer 
to soybeans (jung shu) as novel introductions to the Central 
States, whereas by the time of Mencius [Meng tzu, c. 371-
c. 289 B.C.] they had already become a staple food of the 
common people (Footnote: P.T. Ho 1975, p. 79).
 “The presumed wild ancestor of the soybean, Glycine 
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ussuriensis Regel & Maack or G. soja L. is native to 
northeast China and the adjacent areas of Manchuria, Korea, 
and Japan (Footnote: Hymowitz 1970, 1976), and it may be 
signifi cant that the cultivated soybean was called jung shu 
for Jung was the name commonly given to the Tungusic 
tribes of Northeast China in Chou times. The Kuan Tzu states 
that in the -7th century Duke Huan of Ch’i (Footnote: Ch’i 
covered most of modern Shantung) led an expedition to the 
territory of the Mountain Jung and brought back ‘winter 
onions and soybeans (jung shu) for dissemination throughout 
the various states’ (P.T. Ho 1975, p. 78).”
 An alternative interpretation of jung and of its (then) 
homophone jen is that it simply meant large and luxuriant 
(Bretschneider 1882, vol. 2, p. 164), for the soybean is a 
large, bushy plant which grows up to 6 feet tall. Its modern 
name of ta tou can be attributed to its growth habit, and not 
to the size of its beans which are only about as big as a lentil. 
Fig. 238 (Shou Shih T’ung K’ao, 1742) shows an illustration 
of a soy bean plant.
 “The soybean’s rapid conquest of Chou China is a 
tribute to its superior qualities, qualities so outstanding that 
they frequently provoke outbursts of surprising lyricism 
in modern writers: ‘that miracle, that noblest of crops, that 
wondrous plant, the soybean’ (Anderson & Anderson 1977, 
p. 346).”
 The ancient Chinese were more moderate in their 
praise, perhaps because they were unaware of the benefi ts of 
modern nutritional analysis. The chief virtues of the soybean 
for the ancient Chinese “were that it produced good crops 
even on poor land, that it did not deplete the soil, and that 
it guaranteed yields even in poor years, so that it made a 
useful famine crop.” (p. 514). It gave 3-4 times the yield of 
millet. The Fan Sheng-Chih Shu says that in former times 
(presumably the late Chou) it was customary for peasants to 
plant 5 mu per capita of soybeans to guard against famine. 
Soybeans were widely grown in China from Chou times on, 
“but they were not held in high esteem for their gastronomic 
qualities.” The Chinese appreciated soybeans most when 
they were fermented to make sauces (jiang) or relishes (shi), 
or transformed into beancurd (doufu). These foods were 
generally made from yellow soybeans, although the Qimin 
Yaoshu (544 CE) recommends black soybeans. The various 
fermentation processes were discovered in early times; 
they improved the soybean’s palatability and its nutritional 
properties (p. 514). Address: Research Fellow, East Asian 
History of Science Library, Cambridge, England.

2381. Germani, Gaetano; Mugnier, J.; Dommergues, Y. 
1984. Infl uence of pathogenic nematodes on nodulation and 
seed yield of soybeans in Senegal. Revue de Nematologie 
7(4):335-340. [15 ref. Eng; fre]
• Summary: Previous research suggested that nematode 
infestation might decrease nodulation, nitrogen fi xation, 
and seed yields of soybeans. The soybeans (cultivar 44A73) 

were planted on 14 July 1979 at Guerina, Casamance, South 
Senegal. Fumigation decreased the population densities of 
seven species of plant-parasitic nematodes and increased 
nodule number and weight per plant, and seed yield. 
Address: 1. Laboratoire de Nématologie; 2-3. Laboratoire de 
Microbiologie. All: ORSTOM, BP 1386, Dakar, Senegal.

2382. IITA Research Highlights. 1984. Soybean lines for the 
lowland tropics. p. 86-88. For the year 1983.
• Summary: Two major constraints to soybean production 
in the tropics are the inability of most lines to form nodules 
necessary for symbiotic nitrogen fi xation, and rapid loss of 
seed viability in storage in a warm, humid environment. IITA 
scientists have found several soybean lines that help to solve 
these problems. Note: In the front of the publication is an 
aerial photo of IITA. Address: Ibadan, Nigeria.

2383. International Institute of Tropical Agriculture. 1984. 
Grain Legume Improvement Program: Research Highlights 
1981-1984. IITA, PMB 5320, Oyo Road, Ibadan, Nigeria. 81 
p. [4 ref. Eng]

2384. International Institute of Tropical Agriculture. 1984. 
Annual report 1983. Ibadan, Nigeria. vi + 218 p.
• Summary: Within the Grain Legume Improvement 
Program, the section titled “Soybeans” (p. 97-106) discusses: 
Genetic improvement: Variety trials in Nigeria at Zaria, 
Mokwa, Ilorin, and Ibadan, segregating generations, virus 
resistance. Entomology: Insect survey and yield loss 
assessment, insect resistance (extensive damage by stink 
bugs in some regions). Virology: Serology of soybean 
mosaic virus, resistance to soybean mosaic virus, soybean 
dwarf disease, a new virus disease, mild mottle disease. 
Microbiology: Soybeans (nodulation with indigenous 
rhizobia). Address: Ibadan, Nigeria.

2385. Jordan, D. Carlyle. 1984. Family III. Rhizobiaceae. 
Conn 1938, 321. In: Noel R. Krieg and J.G. Holt, eds. 1984. 
Bergey’s Manual of Systematic Bacteriology, 9th ed., Vol. 1. 
The Williams & Wilkins Co., Baltimore. Maryland. 964 p. 
See p. 234-257. [6 ref]
• Summary: This section includes details about the nitrogen-
fi xing bacteria on soybeans, Rhizobium and Bradyrhizobium.
 Page 234: “Key to the genera of the family 
Rhizobiaceae.”
 Page 242: “Genus II. Bradyrhizobium Jordan 1982.” 
Address: Dep. of Microbiology, College of Biological 
Science, Univ. of Guelph, Guelph, Ontario N1G 2W1, 
Canada.

2386. Millhollon, Eddie Paul. 1984. The relationship 
between photosynthesis and the capacity for nitrogen fi xation 
in soybean. PhD thesis, The Louisiana State University and 
Agricultural and Mechanical College. 130 p. Page 1019 in 
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volume 46/04-B of Dissertation Abstracts International. *
Address: The Louisiana State Univ.

2387. Montange, D.; Beunard, P. 1984. Croissance des 
rhizobiums dans le fermenteur IRAT. Survie dans les 
inoculums [Growth of rhizobia in the IRAT fermentor, and 
survival in the inocula]. Agronomie Tropicale (France) 
39(2):145-48. [8 ref. Fre; eng; spa]
• Summary: “Often commercial inoculants for legume plants 
are not very effi cient in the tropics where bad transport and 
storage conditions cause a heavy mortality among rhizobia.
 “A fermentor has been developed by IRAT which, with 
minimum infrastructures, produces a high quality inoculant 
the strains of which can be chosen according to country 
needs.
 “The growth curves of two rhizobia showed that this 
inoculant production system was effi cient.
 “Rhizobium survival was studied at 28ºC on various 
carriers; for the moment peat remains the best one to have 
the higher survival rate (use for 6 months).
 “Making granulated inoculant can be envisaged using 
clay fl oats (attapulgite) mixed with inoculated peat.” 
Address: Service de rhizobiologie, IRAT-GERDAT, BP 5035, 
34032 Montpellier Cédex, France.

2388. Nagornyi, V.D.; Plyushchikov, V.G. 1984. 
[Productivity of mixed stands of maize and soyabeans on a 
serozem soil of the Golodnaya steppe]. In: Puti povysheniya 
proizvodstva rastitel’nogo belka (Means of Increasing 
Productivity). Moscow, USSR. See. p. 36-44. [Rus]*
• Summary: In the Golodnaya steppe of Uzbekistan, a mixed 
stand of intercropped maize (52,000 plants/ha) and soybeans 
(48,000 plants/ha) gave yields of 61.6 tonnes/ha of fresh 
fodder and 24.6 tonnes/ha of dry matter–compared with 
63 and 23 tonnes, respectively, for maize at 55,000 plants/
ha in pure stands. Crude protein [CP] yield in the mixed 
stand was 280 kg/ha higher than for maize in pure stand. 
Seed inoculation with Rhizobium increased the weight and 
CP content of soybean plants. New photosynthetic activity 
[NAR] of the mixed stand was higher than that of the pure 
maize stand.

2389. Ohyama, Takuji. 1984. Comparative studies on the 
distribution of nitrogen in soybean plants supplied with 
N2 and NO3- at the pod fi lling stage. II. Assimilation and 
transport of nitrogenous constituents. Soil Science and Plant 
Nutrition (Tokyo) 30(2):219-29. [7 ref]
• Summary: “Nitrogen fi xed by the nodules was rapidly 
metabolized to allantoin and transported to the pods. Then 
allantoin was metabolized to amino acids in the pod shells or 
seeds and utilized for seed development.” Address: 1. Dep. 
of Agricultural Chemistry, Niigata Univ., Niigata, 950-21 
Japan.

2390. Samson, C.; Montange, D.; Beunard, P. 1984. 
Infl uence du pH du milieu nutritif sur al fi xation de l’azote 
par l’association Glycine max–Rhizobium japonicum 
[Infl uence of the pH of the nutritive medium on the 
fi xation of nitrogen by the soybean–Rhizobium japonicum 
association]. Agronomie Tropicale (France) 39(2):149-52. [8 
ref. Fre; eng; spa]
• Summary: “The ISRA-IRAT 44A/73 cultivar of soybean... 
was grown on sand watered with nitrogen-free nutrient 
solutions at pH 6.5 and 4.5. The production of dry matter 
was seen to greatly differ depending on the Rhizobium 
japonicum strains used. This trial showed that R. japonicum 
strains possessing a high symbiotic fi xation capacity at pH 
below 5.0 could be found by using mass selection.” Address: 
IRAT-GERDAT, BP 5035, 34032 Montpellier Cedex, France.

2391. Subba Rao, N.S. ed. 1984. Current developments in 
biological nitrogen fi xation. London, Baltimore: Edward 
Arnold. xiv + 351 p. Illust. 24 cm.
• Summary: Contains 12 chapters by various authors. 
Soy is not mentioned in the table of contents. Address: 
Microbiology Dev., Indian Agricultural Research Inst. 
(IARI), New Delhi, 110012.

2392. Veeger, C.; Newton, W.E. eds. 1984. Advances 
in nitrogen fi xation research: proceedings of the 
5th International Symposium on Nitrogen Fixation, 
Noordwijkerhout, The Netherlands, August 28-September 
3, 1983. The Hague; Boston: Martinus Nijhoff/Dr. W. Junk; 
Wageningen: Pudoc; Hingham, MA: Distributors for the 
U.S. and Canada, Kluwer Boston. xxii + 760 p. Illust. Author 
index. 25 cm.
• Summary: The four preceding International Symposia on 
Nitrogen Fixation were held in Pullman, Washington state, 
USA (1974); Salamanca, Spain (1976); Madison, Wisconsin, 
USA (1978); and Canberra, Australia (1980). This is the 
fi fth. Address: 1. Dep. of Biochemistry, Agricultural Univ., 
Wageningen, The Netherlands.

2393. Protinal C.A. 1984? Breve historia de la soya en 
Venezuela [Brief history of soya in Venezuela]. Valencia, 
Venezuela: Protinal. 2 p. Unpublished typescript. Undated. 
28 cm. [Spa]
• Summary: 1939-1941–Appearance of the fi rst results of 
trials evaluating various soybean cultivars.
 1952–Protinal evaluates a group of soybean varieties in 
Yaritagua (Edo. Yaracuy), Venezuela.
 1957–Centro Nacional Investigaciones Agropecuarias 
(CENIAP) re-initiates the evaluation and introduction of 
soybean varieties in Venezuela; it as continued up to the 
present as FONAIAP (Fondo Nacional de Investigaciones 
Agropecuarias de Venezuela).
 1959–Protinal evaluates 63 soybean cultivars from 
Japan. The same year, CENIAP tests 35 varieties in Maracay.
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 1960–The Department of Hydraulic Works of the 
Ministry of Public Works (Direccion de Obras Hidraulicas 
del Ministerio de Obras Publicas (M.O.P.)), establishes 
semi-commercial trials and evaluates varieties; these 
activities continue until 1966.
 1963–Protinal C.A. establishes the fi rst semi-
commercial planting of soybeans.
 1969–CENIAP evaluates 11 cultivars.
 1969–Protinal establishes the fi rst commercial planting 
of soybeans with 10 farmers in the Valley of Aroa.
 1970–Protinal establishes commercial plots of soybeans 
(Lotes Comerciales de Soya) in Barinas and Turen.
 1970-1972–FUNDECO conducts experiments with 
fertilizers on soybeans.
 1973–The C.V.G. conducts trials on the performance of 
soybean varieties in the Territorio Federal Delta Amacuro. 
The investigation is continued until the end of 1974 by 
FUSAGRI.
 1974–FUSAGRI (Fundacion Servicio para el Agricultor) 
starts soybean investigations.
 1975–FUSAGRI, Protinal and FONAIAP initiate a 
cooperative program of evaluation of soybean cultivars.
 1970-1978–The Universida de Oriente [University of 
the East] investigates the adaptation of soya in the eastern 
part of Venezuela. This activity continues to the present.
 1977-1984–Through a cooperative program between 
Fundacion Polar and FUSAGRI, the fi rst acceptable 
commercial varieties in Venezuela were obtained.
 1978–The I.V.I.C. is put in charge of the evaluation 
of Rhizobium species for inoculation of soybeans; the 
commercial product NITROBAC was obtained.
 1975–The National Institute of Nutrition (Instituto 
Nacional de Nutricion) initiated an investigation of soy fl our 
and other soy food products (derivados de Soya).
 After the last date mentioned, we will arrange for the 
information, which was not attached, to be sent to you. 
Address: Valencia, Venezuela.

2394. Arulnandhy, V. 1985. Major accomplishments in 
breeding soybeans in Sri Lanka. In: 1985. Sri Lanka Soybean 
Utilization Training Program and Workshop: Proceedings. 
See p. 57-70.
• Summary: Contents: Introduction. Cropping pattern for 
soybean (the major rainy season, or Maha season, is Nov. to 
Feb. whereas the minor rainy season, Yala season, is May 
to Aug.). Production constraints: Poor seedling emergence 
and stand management, poor seed quality, pest and disease 
infestation, weed competition, drought stress, ineffective 
inoculation, minimum inputs.
 Major breeding accomplishments (Breeding for 
high yield is not suffi cient in Sri Lanka, “Other attributes 
that contribute to yield stability are equally important”): 
Adaptability to farmer’s conditions of cultivation, seed 
viability, earliness, season specifi city (soybeans are grown 

during both the wet season, Maha, and the dry season, Yala, 
in Sri Lanka), shade tolerance, disease resistance, insect 
resistance, effi cient nitrogen fi xing ability, identifi cation of 
effi cient strains of rhizobia, protein and oil.
 Breeding methodology: Screening, crossing, breeding 
methods, testing programs.
 Varietal improvement (It began in 1973 with the 
INTSOY program in Sri Lanka), Hardee, Bossier, Pb-1, four 
improved lines developed in Sri Lanka. Outlook. Address: 
Soybean breeder, Agricultural research station, Maha 
Illuppallama, Sri Lanka.

2395. Nitragin Company. Inc. 1985. Yearly inoculation 
gives best results. How 6 pounds of inoculant can make 225 
pounds of nitrogen (Ad). Soybean Digest. Jan. p. 45.
• Summary: A full-page brown and white ad. The left 
one-third (vertical) contains this text: “Legumes should be 
inoculated yearly to insure the presence of high numbers of 
effective bacteria in the soil.
 “Many misconceptions keep growers from realizing 
the full potential of yearly inoculation. The biggest 
misconception is that once introduced, bacteria populations 
remain stable and effective in their nitrogen-fi xing ability.
 “It is commonly accepted that inoculation is necessary 
for new fi elds. But inoculation is also essential on fi elds 
where legumes have been grown before because bacteria 
populations dwindle or change in their nitrogen-fi xing 
effectiveness. Stress conditions like fl ooding, high soil 
temperatures and drought cause bacteria populations to 
drop. Strain mutations are also common. Both cause bacteria 
populations to lose their effectiveness in nitrogen fi xation.
 “Top growers fi nd yearly inoculation necessary for 
successful yields. Yearly inoculation goes hand-in-hand with 
other cultural practices like fertilization and weed control, 
Plus, it is an inexpensive means of insuring high numbers 
of effective bacteria in the soil. Yield increases make it an 
economical practice.
 “Top growers realize the importance of maintaining 
large numbers of effective bacteria for the best nitrogen 
fi xation rate. Yearly inoculation gives them this advantage.”
 The right two-thirds contains four numbered 
illustrations, with text explaining each:
 “1. Soybean seedlings must be exposed to large numbers 
of benefi cial bacteria before they can fi x nitrogen effi ciently. 
Soil Implant(TM) granular inoculant provides a band of 
nitrogen-fi xing rhizobia bacteria through the seed zone to 
expose seedlings to 20 times more benefi cial bacteria than 
standard seed inoculants.
 “2. Select strains of bacteria in Soil Implant(TM) 
inoculant begin to form nodules by invading seedling root 
hairs. Native bacteria present in the soil also invade the plant 
but most of these are poor nitrogen-fi xers. Large numbers of 
effective bacteria are need to overwhelm native strains.
 “3. Once rhizobia successfully invade a root hair, they 
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start to multiply and a nodule forms.
 4. Bacteria in the nodules begin to convert (fi x) 
atmospheric nitrogen into useable plant-food up to 225 
pounds per acre.
 “Nitragin® brand Soil Implant(TM) for big yields, not 
big fertilizer bills. Just six pounds can help your crop get 
225 pounds of nitrogen per acre. Soil Implant increases 
yield by giving your crop 20 times more nitrogen-fi xing 
bacteria than seed applied inoculant alone. So this year, don’t 
buy nitrogen fertilizer for your soybeans, buy the nitrogen 
factory. Ask your supplier for Soil Implant. Or write The 
Nitragin Company, Inc., 3101 W. Custer Ave., Milwaukee, 
WI 53209.”
 Near the bottom of the ad is an illustration of a bag of 
“Nitragin Soil Implant: Inoculation for Soybeans.” Address: 
The Nitragin Co., Inc., 3101 W. Custer Ave., Milwaukee, 
Wisconsin 53209.

2396. Oyekan, Peter; Navasero, Evelyn; Omueti, Olusola. 
1985. Current status of soybean research, production, 
and utilization in Nigeria. In: 1985. Sri Lanka Soybean 
Utilization Training Program and Workshop: Proceedings. 
See p. 459.
• Summary: “Soybean was introduced to Nigeria about 
1908 and it was cultivated for many years as an export crop 
in a small area in Benue State where the introduced variety 
‘Malayan’ was adopted. The crop is usually grown in small 
holdings in mixed cropping with sorghum or maize or as 
an intercrop in citrus orchards... active soybean research 
programs that were started in the 1960s at four agricultural 
research institutes with Nigeria have produced soybean 
varieties with inherently better storability as well as ability to 
nodulate without prior inoculation with prepared Rhizobium. 
These improved varieties yield between 1.5–2.0 tonnes/
ha as against about 1.8 tonnes/ha from the local variety 
‘Malayan’...”
 “The improved varieties are also adapted to a wider 
area of the country, making it now possible to grow soybean 
commercially in 12 of the 19 states of the country instead 
of only one. This development has led to increased soybean 
production estimated at 75,000–80,000 tonnes in 1984.
 “At present all the soybean produced in Nigeria is 
consumed locally. The bulk of the current production is used 
in making ‘Dawadawa’ a fermented soybean produce used in 
fl avouring Nigerian soups.”
 “The Federal Government of Nigeria has recently 
adopted soybean as one of the crops that is being given 
priority. The Federal Government is currently funding some 
aspects of soybean research.”
 Note: This is the earliest English-language document 
seen (Jan. 2012) that contains the term “Dawadawa” 
(unhyphenated) in connection with soybeans; it is a close 
relative of natto. Address: Nigeria.

2397. Preface. 1985. In: 1985. Sri Lanka Soybean Utilization 
Training Program and Workshop: Proceedings. 3 p. 
Unpublished manuscript. Unnumbered pages.
• Summary: “Prior to 1970 soybean was a little known crop 
in Sri Lanka’s agriculture. A variety of green soybean was 
traditionally grown and consumed by farmers in a restricted 
area of the hill country on a small scale. At the research 
level, the present Director of Agriculture (Sri Lanka), Dr. 
G.W.E. Fernando (their Deputy Director in Charge of the 
dry zone Agriculture Research Station) maintained several 
soybean varieties, more out of personal interest in the crop 
than as an integral part of research priorities. At that time, the 
late William G. Golden Jr. was in the country as an expatriate 
consultant in Rice research programs. He had a vision for 
the potential of soybeans in the country and tried to arouse 
interest among researchers on growing the crop. Dr. Golden 
distributed a limited amount of ‘mini kits’ (containing seed, 
inoculum, fertilizers and instructions) for raising small plots 
of soybeans.
 “Government became interested in the crop in early 
1970’s, particularly to supplement the locally grown 
pulses and eventually to substitute imports. After careful 
consideration by the Ministries of Agriculture, Health and 
Planning, the decision was made to study the feasibility 
of introducing soybeans to the local agriculture. The 
government addressed the FAO on the matter and at their 
instance [request], Dr. Carl N. Hittle of INTSOY (later Co-
ordinator of the Sri Lanka Soybean Program for several 
years) visited Sri Lanka in October 1972 for initial feasibility 
studies. A project proposal for soybean development was 
prepared by the FAO and Government of Sri Lanka and 
submitted to the UNDP in November 1973. The original 
proposal was accepted and funding became available 
for Phase I of the project in March 1975. The FAO then 
subcontracted the execution of the Project to INTSOY at 
the University of Illinois. The UNDP continued to fund the 
Project through three phases covering the period March 1, 
1975 through December 31, 1984. The original proposal 
did not contain funds for soybean utilization and therefore 
additional funds were sought and obtained through CARE 
and UNICEF for that part of the program.”

2398. Jayasena, Hewage. 1985. Re: History of his 
involvement with soybeans, and the development of 
soybeans in Sri Lanka. Letter to William Shurtleff at 
Soyfoods Center, March 20. 3 p. Typed, with signature.
• Summary: “My interest in soya grew because I was drawn 
to the advertisement of the so-called ‘Multi-purpose Food’ 
[MPF] introduced into parts of Asia as the ‘Wonder food’ 
by the Meals for Millions Foundation of California, U.S.A. 
The chief reason for my interest in nutrition was a result 
of my being appointed to the offi ce of Joint Secretary of 
the National Development Enquiry Committee of the All 
Ceylon Buddhist Congress by the late Dr. G.P. Malalasekara. 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   891

© Copyright Soyinfo Center 2018

Under this program I came to serve as the Secretary of the 
Health Enquiry Committee under the National Development 
Enquiry programme and hence my interest in nutrition and 
in the ‘wonder food’ of soybean called MPF, consisting of 
toasted soybean meal enriched with vitamins and minerals... 
I was a layman and it was a committee of volunteers who 
carried out this programme as a public service.
 “The date I originally got involved with Meals for 
Millions...” was about 1959. Miss Florence Rose came to 
Sri Lanka in July 1955 to introduce MPF. She succeeded in 
organising the Ceylon Meals for Millions Affi liate under the 
aegis of the Ceylon Red Cross Society. However it was after 
about 1960 that the pursuit of soyabean popularisation was 
vigorously pursued.
 Attempts to grow the soybean here started as early as 
1937 and preliminary work had been done by the Department 
of Agriculture to develop inoculation procedures for the 
population of soyabean cultivation in Sri Lanka. “I can 
recall reading in the Hansard [the traditional name for the 
printed transcripts of parliamentary debates] about soyabean 
cultivation having been referred to in the Parliament as 
requiring encouragement.
 “The real thrust for soybean development in Sri 
Lanka came after the visits of Miss Florence Rose, former 
Executive Secretary of the Meals for Millions Foundation 
in the U.S.A. This was after her second visit in 1964 when 
the Ceylon Meals for Millions Council was set up. This 
particular meeting was arranged when she was here on 
a brief visit and the meeting itself was sponsored by the 
Junior Chamber of Colombo and at that meeting I was 
appointed to function as the Secretary of the Meals for 
Millions Council. It was this Meals for Millions Council 
that was later reorganised as the Ceylon Meals for Millions 
Foundation. Professor C.D. de Silva was elected President of 
the Ceylon MFM Council and later of the... Foundation. This 
organization... now exists only in name.
 “As regards soybean cultivation itself, the greatest 
impetus to it came after the work of Dr. Walter Fernando 
who successfully developed soybean varieties suitable 
for cultivation in the dry zone of Sri Lanka. Much of this 
breeding of cultivars was developed by the Dry Farming 
Research Station at Maha Illuppallama. Even earlier work 
had been carried out in cultivating the black varieties of 
soybean in Rahangala, the hill country of Sri Lanka.
 “Even before this, or rather as the initial steps were 
being taken to promote the development of soybean as a 
crop, I had been in touch with Mr. Fred Hafner of General 
Mills through introduction from the MFM Foundation 
U.S.A. to explore the possibility of introducing soybean 
meal into the market. This was attempted when Mr. Fred 
Hafner was Director of Protein Operations at General Mills. 
Unfortunately this effort was not successful because there 
was little encouragement at that time for foreign investment.” 
After he left General Mills, Fred was a consultant to some 

food manufacturer in Japan. “He is from Minneapolis 
[Minnesota] and I have not heard from him for quite some 
time now.”
 When Col. Saunders (who lives in California) succeeded 
Florence Rose, he visited Sri Lanka and I was offered an 
opportunity to undergo training at the MFM Training School 
in Santa Monica, California in 1971.
 “Upon my return to Sri Lanka from training at MFM 
in California I did submit proposals for the setting up of a 
mixing plant using imported soy grits for a start to produce a 
kind of MFM here, but this proposal did not fi nd support.
 “An important development after 1971 in regard 
to Soyabean was the Poshana Exhibition held in Sri 
Lanka which too gave considerable impetus to soybean 
development in Sri Lanka. The Exhibition was held under 
the Ceylon MFM Foundation auspices.
 “Much of the development thereafter, from about 1973, 
came through Government initiative and developments 
which you probably have been able to document from 
various sources.
 “In 1971 when I was at MFM Training Institute at 
Santa Monica I had the privilege of meeting Mr. Ernest R. 
Chamberlain [age 80] who was for a long time the secretary 
of the Meals for Millions Foundation and who, with Mr. 
Clifford Clinton, Dr. Henry Borsook and Miss Florence 
Rose pioneered the development of the Meals for Millions in 
the U.S.A. and developed it into a worldwide activity.” But 
today it stands much muted due to a host of developments 
which have since taken place.
 Mr. Chamberlain told me that he wanted to attempt 
to write the history of the Meals for Millions Foundation 
and he sent me some of the fi rst notes prepared by him in 
this respect. Presumably he could not complete his work 
because of his advanced age and for other reasons. I can send 
photocopies of this material if it will interest you.
 “For various reasons I have not been able to preserve all 
the records of Meals for Millions which I had accumulated 
over time. But I still have some records which I can share 
with you if you are interested.
 “Part of the reason why there is this gap in information 
was because when I went to the U.S.A. for training on 
soybean work in 1971, I gave away my fi les and did not 
get them back because I was not re-elected as the secretary 
of the MFM Foundation, which at that time I had served 
as Secretary / Treasurer ad later as Secretary for more than 
a decade, all the work having been done in an honorary 
[volunteer] capacity... Hence my diffi culty in tracing events 
chronologically.
 “If there is any way in which you think I can be helpful, 
please do not hesitate to avail yourself of my services.”
 Note: A search of the Web for Hewage Jayasena shows 
that he was interviewed in March 1994 in Colombo, Sri 
Lanka by a person from the International Development 
Research Center (IDRC-CRDI) of Canada. Address: 185 
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Baseline Rd., Borella, Colombo 9, Sri Lanka.

2399. Flengmark, Poul. 1985. Solsikke og soyabønne–en 
nicheproduktion i Danmark? [Sunfl ower and soyabeans–A 
production niche in Denmark?]. Dansk Froavl 68(4):70-73. 
March. [Dan]
• Summary: Discusses soybean and sunfl ower cultivars, 
planting, soil requirements, fertilizer application, plant 
density, weeds, diseases, harvesting and utilization in 
Denmark. Soybeans must be inoculated with Rhizobium 
japonicum since these bacteria are not found in Danish soils. 
A table (p. 72) shows the yields of two soybean varieties 
from 1968 to 1973 at Roskilde. Donovans (from Canada) 
was tested from 1968 to 1971; its highest yield was 2,370 
kg/ha in 1969, and its lowest yield was 1,200 kg/ha in 1968. 
Fiskeby V (from Sweden) was tested from 1969 to 1973; its 
highest yield was 2,220 kg/ha in 1969, and its lowest yield 
was 1,235 kg/ha in 1970. A photo (p. 73) shows soybeans 
growing at Roskilde. Address: Statens Forsoegsstation, 
Roskilde, Denmark.

2400. Bhatnagar, P.S. ed. 1985. All India Coordinated 
Research Project on Soybean (India Council of Agricultural 
Research). Sixteenth annual workshop: Proceedings & 
Technical Programme. G.B. Pant University of Agriculture 
and Technology, Pantnagar 263145, UP, India. 141 p. 
Held 22-24 April 1985 at Gujarat Agricultural University, 
Junagadh. [Eng]

2401. Chamber, M.A.; Orive, R.; Temprano, F.J. 
1985. Seleccion de inoculantes para soja formados por 
combinaciones de dos razas de Rhizobium japonicum en 
ensayos de campo [Selection of inoculants for soybean made 
with pairs of strains of Rhizobium japonicum in fi eld trials]. 
Eurosoya No. 3. p. 12-16. April. [5 ref. Spa; eng; fre; spa]
• Summary: “Six strains of R. japonicum, known for 
their high effi ciency in N2 fi xation under our ecological 
conditions. were tested in all of the possible groups formed 
by two of them. The experiments planted at two locations 
(Rinconada and Cordoba) in 1978 and 1979, being 
inoculated on soybean cv. Williams.
 “According to the results obtained for numbers and 
dry weight of nodules per plant, seeds size and yields, 
percentages and productions of proteins or oil by each pair 
of strains, those which performed over the average have 
been selected. The inoculants made with IS-38 x IS-48, IS-
30 x IS-33 and IS-33 x IS-48 showed a positive synergistic 
effect in all the experiments. Some strains behaved like high 
yielders under most combinations (IS-48), and others (IS-30) 
got good effects with only one of the other strains (IS-30 
x IS-33).” Address: I.N.I.A., Apartado 13, San José de la 
Rinconada, Seville, Spain.

2402. Eaglesham, Allan R.J. 1985. Comparison of nodulation 

promiscuity of US- and Asian-type soya beans. Tropical 
Agriculture (Trinidad) 62(2):105-09. April. [12 ref]
• Summary: Dark pigmentation in nodules formed on Asian-
type soybeans were observed. Address: Boyce Thompson 
Inst. for Plant Research at Cornell Univ., Ithaca, New York 
14853, USA.

2403. Egli, Dennis. 1985. Report on the Soybean 
Physiologists Group Session (Memphis, TN: February 27, 
1985). Eurosoya No. 3. p. 85. April. [Eng]
• Summary: “The soybean physiologists met on Wednesday 
morning, February 27, and ten papers were presented. Two 
papers dealt with transport and partitioning. Dr. Brun’s paper 
covered the work at Minnesota dealing with the movement 
of abscisic acid in the soybean plant and its possible role in 
regulating seed growth.
 “Dr. Kasperbauer at Florence, South Carolina, presented 
preliminary data suggesting that light quality may infl uence 
the partitioning of assimilate between roots and shoots in 
soybeans. The nitrogen papers included a comparison of 
techniques for estimating N fi xation (Vasilas, University of 
Illinois) and a study of the effect of various N sources (amino 
acids and ureides) on the growth of soybean seed in in vitro 
cultures.
 “There were six papers dealing with various aspects of 
yield and plant stress. Specht discussed the work at Nebraska 
using a line-source sprinkler irrigation system to evaluate 
cultivar responses to drought stress. He reported quite large 
cultivar differences in the response to stress.
 “Brown (University of Arkansas) reported on a 
technique he developed to grow plants in a stress free fi eld 
environment by isolating the roots from direct contact 
with the soil. Koukkari at Minnesota discussed his results 
suggesting that the chlorophyll levels in cotyledons or 
leaves could be used as an indicator of plant stress. Nooden 
(University of Michigan) and Acock (USDA, Mississippi 
State University) discussed the relationships between 
source and sink in the soybean plant. Acock suggested 
that photosynthetic activity of the leaves is related to sink 
demand. Nooden’s work illustrated the interactions between 
the number of seeds per plant and seed size (weight per 
seed). McBlain (Ohio State University) presented a progress 
report of a large study designed to determine the effects of 
photoperiod on fl owering and maturity. He emphasized the 
complexity of the system and suggested that the relationships 
in the fi eld frequently differ widely from what would be 
predicted from the classic growth chamber experiments.” 
Address: Univ. of Kentucky, USA.

2404. Joshi, J.M.; Javaheri, F.; Nkumbula, S. 1985. Research 
notes: Zambia: Development of promiscuous soybean 
varieties. Soybean Genetics Newsletter 12:113-16. April. [2 
ref]
• Summary: “Zambia was perhaps the fi rst country to 
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initiate research on the development of promiscuous soybean 
varieties. Promiscuous soybean varieties have the capability 
of producing effective nodules with the indigenous rhizobia 
found in Zambian soils. Two such varieties, ‘Magoye’ and 
Hernon 147’, have already been released in Zambia. These 
varieties are very popular among small-scale farmers because 
they can be grown without artifi cial seed inoculation with 
Rhizobium japonicum.” Address: Ministry of Agriculture 
and Water Development, Magoye Regional Research Station, 
Magoye, Zambia.

2405. Kahnt, G.; Hijazi, L.A. 1985. Agronomic measures to 
develop a soybean production system. Eurosoya No. 3. p. 
17-23. April. [24 ref. Eng; eng; fre]
• Summary: “Inoculation of cultivar Gieso with different 
Rhizobium japonicum strains gave no signifi cant increase in 
grain yield. An application of 100 kg nitrogen/ha at R4 stage 
increased the yield signifi cantly in all treatments from 13 
to 19.7 dt/ha in control and from 16.1 to 23.3 dt/ha in strain 
<y> treatment. Repeated cultivation of soybean brought a 
successive increase in yield from 17 to 21 and 25 dt/ha in the 
1st, 2nd and 3rd year, respectively. In the 3rd year a supply 
of 100 kg N/ha to cultivars Fiskeby, MA 96, Evans and Gieso 
at the time of fl owering increased yield by 3, 6.2, 3 and 1 dt/
ha, respectively. The corresponding values of control were 
27, 28.8, 22.4 and 27.8 dt/ha. N application at sowing caused 
a depression in yield in all cultivars except in Fiskeby which 
showed an increase of 3 dt/ha (11%) with 200 kg N.
 “Application of 200 and 400 dt FYM [farm yard 
manure]/ha in autumn or 400 dt/ha in spring showed no 
effect on grain yield of Gieso in the fi rst year of application, 
whereas respective grain increases of 3.5, 5.6 and 4.0 dt/ha 
in the second year after application and 1.2, 1.1 and 3.6 dt/ha 
in the third year were registered. The control yield was 25 dt/
ha.
 “Three tillage operations viz., ploughing or cultivation 
up to a depth of 20 cm and rotary cultivation up to a depth 
of 6 cm produced no differences in soybean yield. Green 
manuring with fi eld beans, fi eld peas and soybeans increased 
soybean grain yield up to 28.6., 35.7 and 21.4% respectively 
over control being 12.6 dt/ha under noninoculated 
conditions, with inoculation the effect was offset. Green 
manuring with mustard and rape showed hardly any effect.
 “Plant densities from 28 to 70 plants/m2 in Gieso and 
from 41 to 83 in Fiskeby did not signifi cantly infl uence 
the plant height and grain yield. In crop rotation studies it 
was found that soybean (Gieso) when planted after four 
years monoculture of wheat yielded 28 dt/ha grain being 
signifi cantly higher than after monoculture of other cereals or 
interruption of these monocultures by other crops. Soybean 
and lupine were better preceding crops for soybean than 
maize and fi eld beans, the grain yields produced were 28.5, 
29, 23 and 24 dt/ha, respectively.” Address: Inst. of Plant 
Production, Univ. of Hohenheim, 7000 Stuttgart 70, W. 

Germany.

2406. Leffel, Robert. 1985. Report on the National Soybean 
Breeders Workshop and joint session with soybean 
physiologists (Memphis, TN: February 25-27, 1985). 
Eurosoya No. 3. p. 84. April. [Eng]
• Summary: “Public and Commercial Soybean Breeders 
of the United States and Canada and their guests, Soybean 
Physiologists, held a National Soybean Research Workshop 
with special emphasis on soybean physiology at Memphis, 
Tennessee, February 25-27, 1985.
 “The Public Breeders Coordination Sessions on Monday 
afternoon, February 25 and Wednesday morning, February 
27, included summaries of current soybean research in the 
areas of cold tolerance, heat tolerance, drought tolerance, 
length of seed fi ll, harvest index, nitrogen fi xation, leaf 
physiology (leaf and canopy photosynthesis and specifi c–leaf 
weight), plant architecture (morphology), plant development 
/ photoperiodic response, protein quantity and quality, oil 
quantity and quality, mineral nutrition, isozymic variation, 
and Phytophthora rot resistance.
 “A copy of a summary report on a topic is available 
from European Soybean Cooperative Research Network 
Coordinator, Maurice Arnoux, upon request.
 “The Joint Session between Soybean Breeders and 
Soybean Physiologists on Tuesday, February 26 included the 
following topics:
 “Photoperiod and temperature effects on seed fi lling 
by Bob Patterson and David Raper, North Carolina State 
University
 “A plant breeder’s view of seed fi lling period by Todd 
Pfeifer, University of Kentucky
 “Harvest index as a tool to study yield development by 
Steve Spaeth, Washington State University and Luis Salado-
Navarro, University of Florida
 “Physiology of fl ower development by Judy Thomas, 
North Carolina State University
 “Mechanism of fl ower abortion by Dean Dybing, ARS/
USDA and South Dakota State University
 “Genetic responses to photoperiod by Perry Cregan, 
ARS/USDA Beltsville, Maryland
 “Drought tolerance–a panel discussion moderated by 
Bill Schapaugh, Kansas State University
 “Cold tolerance by David Hume, University of Guelph 
[Ontario, Canada]
 “Genetic variation in nutrient uptake by Rufus Chaney, 
ARS/USDA Beltsville, MD
 “Water and nitrogen limitations to soybean yield by Tom 
Sinclair, ARS/USDA and University of Florida
 “Limitation of nitrogen in soybean productivity by Jim 
Harper, ARS/USDA and University of Illinois
 “Increasing yield by selection for canopy photosynthesis 
by Roger Boerma, University of Georgia
 “Biotechnology in soybean-cellular systems by Glenn 
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Collins, University of Kentucky
 “A practical look at plant breeding–a panel discussion 
moderated by John Schillinger, Asgrow Seed Company
 “Summaries of these papers are not available but 
the reader is referred to the speakers and their research 
publications in the designated areas of research.” Address: 
Agricultural Research Service, USDA, Beltsville, Maryland.

2407. Ranga Rao, V.; Ayanaba, A.; Eaglesham, A.R.J.; 
Thottappilly, G. 1985. Effects of Rhizobium inoculation on 
fi eld-grown soybeans in Western Nigeria and assessment 
of inoculum persistence during a two-year fallow. Tropical 
Agriculture (Trinidad) 62(2):125-30. April. [15 ref]
• Summary: In a western Nigerian soil low in available 
nitrogen, soybean nodulation by indigenous rhizobia 
was much better on the Indian cultivar Orba than on the 
America-bred cultivars TGm 80 (Bossier) and TGm 294-4. 
The American soybeans needed to be inoculated at yearly 
intervals. Address: International Inst. of Tropical Agriculture, 
Ibadan, Nigeria.

2408. Carroll, Bernard J.; McNeil, D.L.; Gresshoff, P.M. 
1985. A supernodulation and nitrate-tolerant symbiotic (nts) 
soybean mutant. Plant Physiology 78(1):34-40. May. [30 ref]
• Summary: “Abstract: The nodulation characteristics 
of soybean... mutant nts382 are described. The mutant 
nodulated signifi cantly more than the parent cultivar Bragg 
in the presence and absence of several combined nitrogen 
sources (KNO3, urea, NH4Cl, and NH4NO3). The number 
of nodules on the tap root and on lateral roots was increased 
in the mutant line... Although nts382 is a supernodulator, 
inoculation with Rhizobium japonicum was necessary to 
induce nodule formation...”
 Note: “Supernodulation” was later renamed 
“hypernodulation.” This is the earliest document seen (Oct. 
2018) that refers to such a mutant. Address: Dep. of Botany, 
Australian National Univ., Canberra, ACT 2600, Australia.

2409. Gibson, A.H.; Harper, J.E. 1985. Nitrate effect on 
nodulation of soybean by Bradyrhizobium japonicum. Crop 
Science 25(3):497-501. May/June. [21 ref]
• Summary: “It is not known whether nitrate inhibition of 
nodulation is primarily due to effects on the host plant or on 
the bacterial strain.”
 The cultivars “Elf and Avoyelles were notable in having 
good nodulation tolerance to nitrate when infected by USDA 
[serumgroup] 110.” Address: 1. Microbiologist, Division 
of Plant Industry, CSIRO, P.O. Box 1600, Canberra, A.C.T. 
2601, Australia.

2410. Carroll, Bernard J.; McNeill, D.L.; Gresshoff, P.M. 
1985. Isolation and properties of soybean [Glycine max (L.) 
Merr.] mutants that nodulate in the presence of high nitrate 
concentrations. Proceedings of the National Academy of 

Sciences, USA 82(12):4162-66. June 1. [32 ref]
• Summary: “High nitrate levels suppress the symbiosis, 
as shown by decreased nodule mass as well as decreased 
nitrogenase activity per unit of nodule mass. The mechanism 
of nitrate inhibition is not fully understood (1), but two 
hypotheses” have received the most support:... Note the use 
of mutation. Address: Dep. of Botany, Australian National 
Univ., Canberra ACT 2601, Australia.

2411. Coulibaly, Many. 1985. Le soja comme solution en 
Afrique [Soya as a solution in Africa]. Inoculum (L’) No. 10. 
p. 18-20. April/June. [Fre]
• Summary: The ecological conditions in black Africa make 
it possible to cultivate soybeans throughout the continent. 
The crop does best in areas where the rainfall is greater than 
or equal to 1,200 to 1,500 mm/year, where it can be grow 
after a crop of maize (corn) or rice or intercropped with 
maize.
 African countries can be divided into two types: Those 
which are now producing soybeans commercially and those 
in which the cultivation is in an experimental state. A map of 
Africa shows these two types.
 Soybeans produced in Africa represent 0.4% of total 
world production and 0.7% of total world cultivated area. 
Africa’s eight major soybean producing countries, most of 
which are English speaking, are: South Africa, Côte d’Ivoire, 
Nigeria, Uganda, Rwanda, Tanzania, Zaire, Zambia, and 
Zimbabwe. Commercial yields are far below experimental 
yields, and yields differ widely among countries, from 2,300 
kg/ha in Zimbabwe to 250 kg/ha in Tanzania. Africa’s two 
largest soybean producers are Zimbabwe (91,000 tonnes 
from 35,000 ha) and Nigeria (75,000 tons from 195,000 ha). 
Nigeria, long in fi rst place, would still be fi rst were it not for 
its very low yields.
 Also discusses: Soybean varieties, the work of IRAT, 
ISRA (Institut sénégalais de la recherche agronomique) 
in Senegal, IITA in Ibadan, IRHO in Upper Volta, and 
INTSOY, inoculation and its importance, market outlets. 
A table shows various African countries, the best-yielding 
soybean varieties, and the yield in metric tons per hectare 
(? = varieties unknown): Benin: Jupiter & Davis, 3.4 & 
2.7; Cameroon: Clark, Jupiter, Williams & Forrest, 3,1, 2.8, 
2.3-2.5; Côte d’Ivoire: Improved Pelican–Cobb, Jupiter, 2.5-
2.6, 2.2; Ethiopia: Bossiu, Hardee–Hampton, 3.1, 3.2–3.4; 
Gabon: ?, 10-12; Ghana: ?, 15–40; Guinea: ?, 2.5; Guinea-
Bissau: ?, 2.7–3.5; Guyana: Jupiter & Davis, 34 & 29; Upper 
Volta: Davis–Cobb–Jupiter, 2.6–2.8; Madagascar: Davis, 
2.5–4.7; Mali: Cobb–Colombus [sic, Columbus]–Jupiter, 20–
21- 20; Togo: Hardee–Davis–Jupiter, 31–34; Senegal: ISRA 
22/72, ISRA 26/72, ISRA 44/73, 2.42, 2.79, 2.9. Address: 
Expert Agropol.

2412. Gayler, Kenwyn R.; Sykes, G.E. 1985. Effects of 
nutritional stress on the storage proteins of soybeans. Plant 
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Physiology 78(3):582-85. July. [16 ref]
• Summary: “Abstract: The effects of sulfur defi ciency on 
the complement of proteins laid down in developing seeds 
of soybean... have been examined. Sulfur defi ciency caused 
a 40% decrease in the level of glycinins and a contrasting 
elevation in the level of Beta-conglycinins. The subunit 
composition of these proteins was also affected.” Address: 
Russell Grimwade School of Biochemistry, Univ. of 
Melbourne, Parkville, Victoria 3052, Australia.

2413. Lettre de l’ARTS. 1985. Du tofu au Rwanda [Tofu in 
Rwanda]. No. 2. p. 2-3. Summer. [Fre]
• Summary: During 1982, Stéphane Imbert, then doing 
work for the Club of Dakar, discovered the transformation of 
soya into tofu in the southwest through the help of l’ARTS. 
Fascinated by the product, he proposed to the Club of Dakar 
to study a project on soya in Africa.
 Rwanda was chosen as the country for the study. Why 
Rwanda? Because soya has been cultivated here since 
1960, and because the country’s major problem is its food 
balance. Since 1972 soybean culture has been intensifi ed, 
the government thinking of making it a cash crop. Today it 
is cultivated on 5,500 ha with yields of 1 to 1.2 tonnes/ha 
without inoculation. But its price was not competitive on the 
world market. Today the government of Rwanda, wanting 
above all to attain food self-suffi ciency for its country, wants 
to promote agriculture and the transformation of agricultural 
products.
 After a feasibility study conducted in June/July 1983, 
an agreement was signed in early 1984 between the Club 
of Dakar and the Minister of Agriculture of Rwanda 
establishing the conditions of the experiment for adding 
value to soya in this way. Stephen Imbert’s work in Rwanda 
began with a study to determine the best region to produce 
soybeans for the project. Among the four main production 
zones, he found those of Kanombé and of Nygatoré best 
suited. Kigali, the capital of Rwanda, was chosen as the site 
for the tofu plant. Some of the equipment was sent from 
France and the rest was made by local craftsmen. A local 
technician, Mr. Amon Kalinijavo set up the system and from 
August to September tofu was made 60 times; 240 kg of 
Palmetto soybeans yielded 480 kg of tofu. Recipes adapted 
to local tastes were developed and nutritional analyses were 
conducted by a local nutritional institute (ISAR); pamphlets 
containing this information were printed and distributed 
to popularize tofu. Then a number of tests were conducted 
in which tofu was tasted by 4,000 people of all ages and 
social groups. Simultaneously a study was conducted on 
the different avenues for commercialization. The product 
was demonstrated at scientifi c and international days at the 
University of Butaré, attended by many health and nutrition 
professionals, who in turn requested demonstrations at their 
organizations. Trafi pro is the main commercial cooperative in 
Rwanda. Test products and an exposition for popularization 

were set up at three branches; in each case success was 
reported. Tofu was also tested in kiosks, orphanages, schools 
and colleges, and the use of by-products as animal feed. The 
results were encouraging.

2414. Evans, H.J.; Bottomley, P.J.; Newton, W.E. eds. 1985. 
Nitrogen fi xation research progress. Proceedings of the 6th 
international symposium on Nitrogen Fixation. Dordrecht, 
Boston and Lancaster: Matinus Nijhoff Publishers. 731 p. 
Held 4-10 Aug. 1985 at Corvallis, Oregon 97331. [200* ref]
• Summary: An in-depth discussion of the subject. 
Address: 1. Lab. for Nitrogen Fixation Research; 2. Depts. 
of Microbiology and Soil Science, Oregon State Univ., 
Corvallis, OR 97331.

2415. Pulver, E.L.; Kueneman, E.A.; Ranga-Rao, V. 1985. 
Identifi cation of promiscuous nodulating soybean effi cient in 
nitrogen fi xation. Crop Science 25(4):660-63. July/Aug. [10 
ref]
• Summary: “Many developing countries lack the facilities 
to produce and distribute high quality rhizobia inoculants for 
farmers who are interested in planting soybeans. If soybean 
varieties were available that could nodulate effectively 
with the ubiquitous, cowpea-type rhizobia, farmers could 
successfully grow soybeans without inoculation or fertilizer 
Nitrogen. When 400 diverse soybean lines were tested at fi ve 
sites in Nigeria for the ability to nodulate with indigenous 
rhizobia, only 10 were highly promiscuous, that is, capable 
of forming an effective symbiosis [symbiotic relationships 
with the soil rhizobia] at all sites... These results indicate that 
by genetically incorporating promiscuity into varieties with 
high yield potential one would not necessarily reduce yield 
potential.”
 The fi ve sites in Nigeria were Onne, Yandev, Ibadab, 
Mokwa, and Funtua. Of the ten highly promiscuous 
selections, three are unimproved cultivars grown in Africa: 
Malayan from Nigeria, Obo from the Central African 
Republic, and Hernon 237 from Tanzania. Four of the entries 
from Indonesia (Indo 180, Indo 216, Indo 226, and Orba) 
were also rated as compatible at all sites, but more than 70 
accessions from Indonesia failed to nodulate consistently. 
Two other promiscuously nodulating accessions (TGm 119 
and TGm 120) were collected in East Africa but their exact 
origins are unknown.
 Other varieties used in crossing were Jupiter and 
Bossier.
 Note: This is the earliest document seen (June 2018) 
concerning nitrogen fi xation in soybeans with the word 
“promiscuous” in the title. This word would soon become 
widely used in connection with nitrogen fi xation in Africa. 
Address: Grain Legume Improvement Program, IITA, 
Ibadan, Nigeria.

2416. Shuttuck-Eidens, Donna M.; Beachy, R.N. 1985. 
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Degradation of Beta-conglycinin in early stage of soybean 
embryogenesis. Plant Physiology 78(4):895-98. Aug. [9 ref]
• Summary: “This study focuses on the role of protein 
turnover in the accumulation of the storage protein Beta-
conglycinin (7S protein) during soybean embryogenesis. 
The results of pulse:chase experiments using 3H-leucine 
indicate that the turnover of the subunits of Beta-conglycinin 
by proteolysis is more rapid in early stages of cotyledon 
maturation than in later stages.”
 “Figure 2 shows proteins labeled in a pulse chase 
experiment.” Address: Plant Biology Program, Dep. of 
Biology, Washington University, St. Louis, Missouri 63130.

2417. Daily Leader (Stuttgart, Arkansas). 1985. Founder’s 
foresight refl ected in company’s success. Oct. 2. p. 3B, 3C. 
Insert.
• Summary: “Jacob Hartz Sr.’s dream of a good future for 
soybeans on the Grand Prairie has been realized over the past 
six decades, and work is continuing to make the soybean’s 
future even brighter.”
 Jacob Hartz and A.R. Thorell were partners in an 
International Harvester dealership in Stuttgart in 1924, when 
they became interested in the soybean. “Rice yields had been 
falling as nitrogen was depleted from the Grand Prairie soil, 
and Hartz recognized that the use of soybeans as a rotation 
crop would help replenish the nitrogen level.”
 “Hartz bought 10 pounds of Laredo beans from a 
producer in Illinois, and small amounts were distributed to 
various local farmers. The farmers who planted the beans 
saw an increase in their next rice yields.
 “Within a year after the fi rst soybean crop was grown in 
Arkansas in 1926, Hartz had built the fi rst small seed cleaner 
in the state and was aggressively promoting soybeans not 
only in Arkansas, but in Alabama, Mississippi and Louisiana 
as well.”
 By the early 1930s, soybeans had become such a big 
part of the Hartz-Thorell business that they had to rent a 
building at First and College to house their soybean seed 
growing operation. The operation continued to grow, and in 
1935 a seed cleaning and processing plant was built for the 
Seed Department of Hartz-Thorell Supply Co.
 “Monsanto Company, a multinational company, 
acquired Hartz Seed Co. in April 1983. Hartz is now part of 
Monsanto’s HybriTech Seed International subsidiary.”
 Below the article is a large ad by the Stuttgart Co-op 
Buyers Association titled “Congratulations Jacob Hartz Seed 
Co., Inc.”

2418. Roger, Patrick. 1985. Interview de Jean Claude Sabin, 
Président du CIS-ONIDOL [Interview with Jean Claude 
Sabin, President of CIS-ONIDOL]. Point Soja–Soyfoods. 
Autumn. p. 1-2. [Fre; Eng]
• Summary: Concerning the history of soybeans in France, 
cultivation on a national scale dates back to 1973 after 

CETIOM had done some research in the preceding years. 
Before that, soybeans were widely grown during World War 
II, sometimes even with strong pressure from the Vichy 
government. Soybeans used to be roasted to make coffee.
 “During the 1960s experiments with soybean cultivation 
were conducted, one of them initiated by M. Dolfuss, who 
made an unsuccessful attempt at the time at being elected 
a deputy. He used a pamphlet together with a documentary 
fi lm on soybean cultivation. But at the time there were 
no guidelines for growing soybeans, and no seeds were 
available. “I became interested in soybeans in 1965, because 
of the large amounts being imported for animal feed. Around 
the same time, heads of the French oil industry asked the 
Ministry of Agriculture to start a research program... So 
CETIOM conducted experiments in soybean cultivation 
and microbiological research on the inoculum. Without the 
1973 American soybean embargo, there still would not be 
any soybeans grown in France. President Pompidou became 
angry in the middle of a Council of Ministers meeting, and a 
research mission was sent to the U.S.
 “On the cultivation level, the pioneer areas 
[departments] were Tarn, Haute-Garonne, and Gers [all 
located in the southwest of France], with some experiments 
in Bas Rhône. Later the growing expanded northwards... 
Around 1965 the GATT accords were signed. The U.S. 
allowed corn to develop, but locked up soy growing. Since 
that time, there have been no custom duties on oilseed 
products in Europe. And until the embargo, none of the 
politicians ever noticed that fact! Then, after 1979, and the 
new soy reglementation [system with strict regulations for 
growing soybeans], this crop has been in steady expansion.” 
Mr. Proudon has played a key role in this process.
 France needs to reduce its surpluses of cereals (such as 
wheat), expand production of oilseeds, and use the two to 
balance crop rotations. “I am quite a believer in soyfoods. 
Our western food habits are out of balance. People are 
starting to look for a different way of feeding themselves... I 
do think that tofu and tempeh have very good prospects.”
 Note: CIS = Conseil Interrégional Soja. ONIDOL = 
Offi ce National Interprofessionnel de Développement des 
Oléagineux. CETIOM = Centre Technique Interprofessionnel 
des Oléagineux Metropolitains (France). CIS-ONIDOL 
Is located at 17 rue Fleurance, 31400 Toulouse, France. 
Address: President, Offi ce National Interprofessionnel des 
Oleagineux.

2419. Dowdle, Stephen F.; Bohlool, B. Ben. 1985. 
Predominance of fast-growing Rhizobium japonicum in a 
soybean fi eld in the People’s Republic of China. Applied and 
Environmental Microbiology 50(5):1171-76. Nov. [26 ref]
• Summary: The various species of bacteria in the genus 
Rhizobia make up two broad groups of fast- and slow-
growing strains based on growth rate and effect on the pH 
of yeast extract mannitol (YEM) medium (12, 26). On the 
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basis of these and other fundamental differences, the slow 
growing strains were transferred to a newly named genus 
(Bradyrhizobium gen. nov.), while the fast growers were 
retained in the genus Rhizobium (Jordan 1984).
 Page 1176: “More collections from similar fi elds in 
China are required to establish a better understanding of 
indigenous soybean rhizobia populations. However, we did 
fi nd: (i) in a soil that has been under soybean cultivation 
for decades fast-growing rhizobia were predominant; (ii) 
this population had diverse microbiological and symbiotic 
characteristics; (iii) there were highly signifi cant cultivar-
strain interactions; and (iv) in a rice soil that had no prior 
history of soybean cultivation the predominant soybean 
rhizobia were effective slow-growing strains.” Address: 
NifTAL Project, Univ. of Hawaii, Paia, Hawaii 96779.

2420. Horlings, George; Martens, Ron. 1985. Soybeans 
in Bangladesh: A background report. Dhaka [Dacca], 
Bangladesh: Mennonite Central Committee. 65 p. Nov. [36 
ref]
• Summary: Contents: Introduction: Agronomic, nutrition, 
soybean in Bangladesh. Existing situation: Area and 
production, yields, soybean varieties, agronomic details, 
competing crop survey, soybean in India. Soybean 
utilization: Soybeans as a pulse, ramgati cooking 
demonstration evaluation, oil expelling, soymilk, soya 
biscuits, chanachur, suggestions from BCSIR, other 
soybean foods, soybean oil, soymeal. Marketing system 
and prices. Soybean programs: Bangladesh Coordinated 
Soybean Research Project (BCSRP), Bangladesh 
Agriculture University (BAU), Bangladesh Agriculture 
Research Institute (BARI), Bangladesh Agriculture 
Development Cooperation (BADC), Bangladesh Council 
of Scientifi c and Industrial Research (BCSIR), Directorate 
of Agricultural Extension (DAE), other organizations in 
Bangladesh, International Soybean Program (INTSOY), 
Asian Vegetable Research and Development Centre 
(AVRDC), International Institute of Tropical Agriculture 
(IITA), Food and Agriculture Organization (FAO). Seed 
production and storage: Seed multiplication, seed storage. 
Constraints: Market and demand, land competition, research 
& development, seed availability, inoculant availability and 
use, extension services. Conclusion. Appendices: Unreleased 
soybean varieties tested by MCC, soybean cultivation guide, 
cultivation guide for soybean in West Bengal, soybean 
recipes, objectives of the BCSIR, integrated oilseed research 
project (soybean breeding).
 “Soybeans were fi rst introduced into Bangladesh in 
1942. In 1960-61 varietal screening resulted in the selection 
of S3, Pelican and Barmeli for the kharif season. These 
varieties were later found to be susceptible to yellow mosaic 
virus.
 “In 1972-73 MCC began with research and extension 
work on soybeans, primarily as a rabi season crop. The 

Bangladesh Coordinated Soybean Research Project (BCSRP) 
was established in 1975. This project involved Bangladesh 
Agriculture Research Institute (BARI), Bangladesh 
Agricultural University (BAU), Bangladesh Council of 
Scientifi c and Industrial Research (BCSIR), several other 
government institutions, and Shilpee Food Products, as well 
as the Mennonite Central Committee (MCC). In 1981 the 
BCSRP was discontinued. The two main problems were felt 
to be: diffi culty in producing high quality seed and the lack 
of a solvent oil extractor.
 “MCC has continued with soybean research and 
extension work, believing these problems can be overcome 
or other solutions found. BAU is continuing with work 
on soybeans in its Integrated Oilseeds Research Project 
(IORP). BCSIR continues to work on soyfoods and the 
Bangladesh Sugar and Food Industries Corporation (BSFIC) 
produces some soybeans on its farms. Other institutions and 
organizations are still involved to varying degrees.” Address: 
1. Agronomist; 2. Food Technologist, Mennonite Central 
Committee, Dhaka, Bangladesh.

2421. Bhatnagar, P.S. 1985. Soybean in India: Problems and 
prospects. Special review article. Indian J. of Agricultural 
Sciences 55(12):709-22. Dec. [19 ref]
• Summary: Contents: Introduction. Production potential 
in the country. Place in cropping systems. Research in 
India. Breeding, genetics and seed production. Production 
technology. Microbiology. Plant protection. Production 
economics. Product development and utilization. Future 
strategies. Address: All-India Coordinated Research Project 
on Soybean (ICAR), Govind Ballabh Pant Krishi Evam 
Praudyogiky Vishwa Vidyalaya, Pantnagar, Uttar Pradesh 
263 145 India.

2422. Bergersen, F.J.; Turner, G.L.; Gault, R.R.; Chase, 
D.L.; Brockwell, J. 1985. The natural abundance of 15N in 
an irrigated soybean crop and its use for the calculation of 
nitrogen fi xation. Australian J. of Agricultural Research 
36:411-23. *

2423. Marcker, A.; Lund, M.; Bojsen, K.; Jensen, E.O.; 
Marcker, K.A. 1985. Transcription of the soybean 
leghemoglobin and nodulin genes during nodule 
development. Advances in Agricultural Biotechnology 
1985(13):70. *

2424. Slavics, John J.; Bear, Marshall A. 1985. 
Biotechnology and community development for food 
production: a case study on “Rhizobium” inoculant 
production applied to tropical soybean production for food. 
Washington, DC: Appropriate Technology International. 31 
p. See p. 22-23.
Address: USDA ARS.



NITROGEN FIXATION IN SOYBEANS (1887-2018)   898

© Copyright Soyinfo Center 2018

2425. Al-Jibouri, H.A. 1985. The Food and Agriculture 
Organization’s soybean program. In: R. Shibles, ed. 1985. 
World Soybean Research Conference III: Proceedings. 
Boulder, Colorado: Westview Press. xxiii + 1262 p. See p. 
1221-25. [3 ref]
• Summary: Contents: Country projects. Consultancies. 
Regional networks and projects. Seed exchange. Genetic 
resource activities. Biological nitrogen fi xation. Training. 
Workshops. Meetings. Informational services. Assistance 
available. References. Address: Senior Offi cer, Plant 
Production and Protection Div., FAO of the UN, Via delle 
Terme di Caracalla, Rome 00100, Italy.

2426. Baz, A-g. I.O.; Abdallah, A.R.; Safwat, M.S.A. 1985. 
Effect of nitrogenous and phosphorus fertilizers on growth, 
yield, nodulation and chemical components of soybean. 
In: H. Ssali and S.O. Keya, eds. 1985. Biological Nitrogen 
Fixation in Africa: Proceedings of the First Conference of 
the African Association for Biological Nitrogen Fixation 
(AABNF). See p. 245-52. Held 23-27 July 1984 in Nairobi, 
Kenya. [17 ref]
• Summary: “This work was conducted in 1980 and 
1981 seasons at The Experimental Farm of the Faculty 
of Agriculture, El-Minia University. The effect of 30 kg 
nitrogen, 100 kg phosphorus/fedden (0.42 ha) and the 
mixture between them on the growth, nodulation, chemical 
composition of soybean plants at three different stages of 
growth (45, 70 and 110 days from planting), the yield of 
seeds and its components were studied. Results showed that 
the application of these different fertilizers to soybean plants 
signifi cantly increased their vegetative growth, nodulation, 
chemical components (total nitrogen and reducing sugars) 
at the three different times of growth, yield of seeds and 
its components of total nitrogen and percentage of oil 
compared to control. The highest signifi cant values, however, 
were obtained, using a mixture of 30 kg nitrogenous and 
100 kg phosphorus fertilizer/fedden.” Address: Faculty of 
Agriculture, Suez Canal Univ. and Faculty of Agriculture 
El-Minia Univ., Egypt.

2427. Devine, T.E. 1985. Host range and compatibility of 
soybean with rhizobial microsymbionts. In: R. Shibles, ed. 
1985. World Soybean Research Conference III: Proceedings. 
Boulder, Colorado: Westview Press. xxiii + 1262 p. See p. 
484-92. [32 ref]
• Summary: Contents: Evolution, morphology and anatomy 
of symbiosis. Genetic control of symbiosis. Cowpea rhizobia 
and soybeans. Breeding for improved nitrogen fi xation. 
References. Address: USDA/ARS, Dep. of Agriculture, 
Nitrogen Fixation and Soybean Genetics Lab., Building 011, 
H. H. 19, BARC-West, Beltsville, Maryland 20705.

2428. Egli, D.B.; Leggett, J.E. 1985. Nitrogen mobilization 
during seedfi ll in soybeans. In: R. Shibles, ed. 1985. World 

Soybean Research Conference III: Proceedings. Boulder, 
Colorado: Westview Press. xxiii + 1262 p. See p. 884-90. [29 
ref]
• Summary: Contents: Introduction. N [nitrogen] 
mobilization. Contribution of redistributed N to seed N. 
Factors infl uencing N redistribution. Relationship of N 
redistribution to yield.
 Under normal fi eld conditions, nitrates in solution in the 
soil are the primary source of nitrogen for soybean plants 
during the early stages of growth, whereas nitrogen fi xation 
from the atmosphere by Rhizobium japonicum in the root 
nodules becomes the predominant source of nitrogen in 
the later stages of vegetative growth and the early stages 
of reproductive growth. However a portion of the nitrogen 
in the mature soybean seeds comes from nitrogen that is 
mobilized or redistributed from nonseed plant parts, and 
not from soil nitrates or nitrogen fi xation. Address: Dep. of 
Agronomy, USDA-ARS, Univ. of Kentucky, Lexington, KY 
40546-0091.

2429. Essa, T.A.; Al-Dulaimi, H.M. 1985. Nodulation 
response of soyabean to nitrogen application and inoculation. 
Iraqi J. of Agricultural Sciences 3(3):27-35. [8 ref. Eng; 
ara]*
Address: Dep. of Field crops, College of Agriculture, 
Baghdad Univ., Abu-Ghraib, Iraq.

2430. Evans, Harold J.; Hanus, F.J.; Haugland, R.A.; 
Cantrell, M.A.; Xu, L-S.; Russell, S.A.; Lambert, G.R.; 
Harker, A.R. 1985. Hydrogen recycling in nodules affects 
nitrogen fi xation and growth of soybeans. In: R. Shibles, ed. 
1985. World Soybean Research Conference III: Proceedings. 
Boulder, Colorado: Westview Press. xxiii + 1262 p. See p. 
935-42. [19 ref]
• Summary: Discusses Hup+ and Hup- Rhizobium strains. It 
is possible to make very precise isogenic mutants of rhizobia 
that differed only in presence of (Hup+) or absence (Hup-
) of hydrogenase activity. When soybean symbioses with 
such genetically-manipulated pairs of isogenic Hup+ / Hup- 
Bradyrhizobium japonicum strains were compared in the 
fi eld, increases in seed nitrogen (8.6%), leaf nitrogen (27%) 
and total plant nitrogen (11%) were found to be signifi cant. 
Address: Lab. for Nitrogen Fixation Research, Oregon State 
Univ., Corvallis, OR 97331.

2431. Ganry, F.; Diem, H.G.; Wey, J.; Dommergues, Y.R. 
1985. Inoculation with Glomus mosseae improves N2 
fi xation by fi eld-grown soybeans. Biology and Fertility of 
Soils 1(1):15-23. [29 ref]
• Summary: “Summary. A fi eld study carried out in a sandy, 
relatively acid Senegalese soil with a low soluble P content 
(7 ppm) and low vesicular-arbuscular mycorrhizal (VAM) 
populations showed that soybean responded to Glomus 
mosseae inoculation when the soluble P level in the soil had 
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been raised by the addition of 22 kg P per ha.”
 Vesicular-arbuscular mycorrhizas are important for 
uptake of phosphorus largely through increasing the volume 
of soil explored. Thus, if the native VA mycorrizal fungi do 
not form an effective symbiosis, it is possible to improve 
the establishment of root infection, and hence uptake of 
phosphorus, by inoculating with mycorrhizas (Mosse, 
1977). This has been demonstrated in the fi eld in Senegal 
where inoculation of soybeans with Glomus mosseae 
improved N2 fi xation and yield of soybeans growing in a 
phosphorus defi cient soil which had only a small population 
of indigenous VA mycorrhiza. Address: 1&3. IRAT/ISRA 
Centre National de Recherches Agricoles, Bambey, Senegal.

2432. Graham, Peter H. 1985. Problems of soybean 
inoculation in the tropics. In: R. Shibles, ed. 1985. World 
Soybean Research Conference III: Proceedings. Boulder, 
Colorado: Westview Press. xxiii + 1262 p. See p. 951-59. [82 
ref]
• Summary: Contents: Varietal and strain specifi city in 
inoculation response. Soil acidity. Temperature. Plant 
nutrition. Conclusions. References. Address: Dep. of Soil 
Science, Univ. of Minnesota, St. Paul, MN 55108.

2433. Hardarson, G. 1985. Effect of soybean cultivars on 
symbiotic nitrogen fi xation. In: H. Ssali and S.O. Keya, eds. 
1985. Biological Nitrogen Fixation in Africa: Proceedings 
of the First Conference of the African Association for 
Biological Nitrogen Fixation (AABNF). See p. 283. Held 
23-27 July 1984 in Nairobi, Kenya.
• Summary: “Cultivars were found to be very variable in 
their ability to support nitrogen fi xation. Application of 
100 kg nitrogen/ha resulted in decrease in nitrogen fi xation 
compared to 20 kg nitrogen/ha treatment.” Address: FAO/
IAEA Biotechnology Lab., A-2444, Seibersdorf, Austria.

2434. Hegazi, N.A.; Metwally, A. 1985. Studies on 
inoculation of soybeans in Egypt. In: H. Ssali and S.O. 
Keya, eds. 1985. Biological Nitrogen Fixation in Africa: 
Proceedings of the First Conference of the African 
Association for Biological Nitrogen Fixation (AABNF). See 
p. 298-311. Held 23-27 July 1984 in Nairobi, Kenya. [14 ref]
• Summary: Summarizes inoculation studies conducted for 4 
consecutive years on 6 soybean varieties under Giza farming 
conditions. “Results clearly demonstrate the importance 
of inoculation of soybean as an agronomic practice in 
Egypt and call for the need to develop nationally produced 
inoculants of high quality.”
 The editors of these proceedings are from the Nairobi 
Rhizobium MIRCEN, Dept. of Soil Science, Univ. of 
Nairobi. Address: Faculty of Agriculture, Cairo Univ., Giza, 
Egypt.

2435. Hume, D.J.; Shanmugasundaram, S.; Beversdorf, 

W.D. 1985. Soyabean (Glycine max (L.) Merrill). In: R.J. 
Summerfi eld and E.H. Roberts, eds. 1985. Grain Legume 
Crops. London: Collins. xvi + 859 p. See p. 391-432. Illust. 
Index. 24 cm. [192 ref]
• Summary: Contents: Introduction: History, current status 
and future projections. Principal economic yield and uses 
of crop products. Principal farming systems. Botanical and 
agronomic features: Symbiotic nitrogen fi xation potential. 
Principal limitations to production and yield: Developing 
countries, developed countries. Fertiliser requirements. 
Quality of seed constituents. Germplasm resources. Principal 
breeding strategies: Adaptation to new geographic areas, 
breeding methodology, breeding objectives, seed quality, pest 
and disease tolerances, current trends in soyabean breeding. 
Avenues of communication among researchers (INTSOY, 
AVDRC, IITA, FAO). Prospects for larger and more stable 
yields.
 Tables: (1) Area (1000 ha), yield (kg per ha), and 
production (1000 tonnes) of soyabeans from 1969-71 to 
1982. (2) Maturity durations and productivity potentials 
of soyabeans in selected countries. (3) Glycine species 
collections around the world. (4) Sources of resistance 
among soyabeans to selected insect pests. (5) Sources of 
resistance among soyabeans to selected diseases.
 Table 9 shows that there are soybean germplasm 
collections in 15 countries. This table has 4 columns: 
Country, location (city), curator, and number of accessions. 
AVRDC in Taiwan has the largest germplasm collection in 
one location (10,400 accessions, Tainan), followed by USA 
(9,648, Illinois and Mississippi), India (4,000, Pantnagar; 
1,800 Amravati), Japan (3,541, Tsukuba; 200, Morioka), 
USSR (3,000, Leningrad), China (3,000 Jilin; 3,000 Hubei; 
2,930 Shadong [sic, Shandong {W.-G. Shantung}]; 2,500 
Beijing; 960 Heilungjiang [Heilongjiang]). Also: Australia 
400, France 500, Nigeria 1,300, Indonesia 600, South Korea 
2,833, North Korea 300, South Africa 600, Sweden 1,200, 
and Thailand 1,686.
 Most tropical soybean types are determinate. Address: 
1&3. Univ. of Guelph, Dep. of Crop Science, Guelph, 
Ontario N1G 2W1, Canada; 2. Asian Vegetable Research 
and Development Centre (AVRDC), PO Box 42, Shanhua, 
Tainan 741, Taiwan, Republic of China.

2436. Keyser, H.H.; Sadowsky, M.J.; Bohlool, B.B. 1985. 
Fast-growing soybean rhizobia. In: R. Shibles, ed. 1985. 
World Soybean Research Conference III: Proceedings. 
Boulder, Colorado: Westview Press. xxiii + 1262 p. See p. 
926-34. [19 ref]
• Summary: “Rhizobium are the bacteria capable of forming 
a nitrogen-fi xing symbiosis with leguminous plants. 
Traditionally, their classifi cation has been based on specifi c 
host infectivity with the recognition of two broad groups 
of fast- and slow-growing strains (Jordan and Allen, 1974). 
In addition to growth rate, the two groups are distinguished 
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by several important differences, which has led to the 
proposed establishment of a separate genus for slow growers 
(Bradyrhizobium gen. nov.), while retaining fast growers in 
the genus Rhizobium (Jordan, 1982).
 “The soybean-nodulating bacteria, R. japonicum, 
have been classifi ed as slow growers. Recently, however, 
Keyser et al. (1982) reported the existence of fast-growing 
isolates obtained from soil and nodules collected in 
China. Examination of the 11 fast-growing isolates for 
microbiological, genetic, and symbiotic properties has shown 
them to be distinct from the slow growers. They represent a 
unique and valuable addition of Rhizobium germplasm. In 
this article we present an overview of microbiological and 
symbiotic properties of the fast-growing soybean rhizobia. 
Results from genetic studies are presented elsewhere in this 
volume by Atherly et al. Several investigators are currently 
examining these fast growers for various attributes, and 
knowledge of them should increase rapidly.” Address: 1. 
USDA, ARS, Nitrogen Fixation and Soybeans Genetics Lab., 
Beltsville, Maryland 20705.

2437. Nelson, D.R.; Bellville, R.J.; Zampini, C.A.; Maxwell, 
C.A. 1985. Interactions between carbon and nitrogen during 
podfi lling. In: R. Shibles, ed. 1985. World Soybean Research 
Conference III: Proceedings. Boulder, Colorado: Westview 
Press. xxiii + 1262 p. See p. 824-32. [20 ref]
• Summary: Contents: Introduction. Seasonal patterns 
of nitrogen assimilation. Compensation mechanisms: 
Transport, hydrogen evolution, defoliation, shading and 
elevated carbon dioxide, grafting. Summary (conceptual 
model): Contribution of assimilation, resource management, 
conservative nature, C/N limitations to yield.
 The high correlation between nitrogen fi xation or 
accumulation and soybean yield strongly suggests that 
nitrogen is limiting. Plants grown on zero nitrogen during 
podfi lling partition a greater proportion of their weight to 
the seeds. “Overall, nitrogen and carbon are both limiting, 
in the sense that a stimulation of yield can occur through 
either system, though a stimulation by carbon appears to be 
coupled with alleviation of a nitrogen stress. Both carbon and 
nitrogen are in surplus, in the sense that excess capacity can 
be called upon to prevent a decline in yield in the presence of 
a moderate stress.” Address: Monsanto, St. Louis, Missouri, 
USA.

2438. Obaton, Michel; Kimou, Okomian. 1985. Nitrate 
reductase and nitrogen (C2H2 reduction) activities of fi eld-
grown soybean and the infl uence of drought. In: H. Ssali 
and S.O. Keya, eds. 1985. Biological Nitrogen Fixation in 
Africa: Proceedings of the First Conference of the African 
Association for Biological Nitrogen Fixation (AABNF). See 
p. 267-76. Held 23-27 July 1984 in Nairobi, Kenya. [22 ref]
• Summary: “The nitrogen nutrition of legumes can be 
satisfi ed by assimilation of nitrate from the soil which is then 

reduced, essentially in the leaves, by nitrate reductase and 
through nitrogen fi xation by nitrogenase of nodules. These 
2 enzymatic activities are usually successive during the 
growing season and complementary... a drought depresses 
more the nitrogenase activity than the nitrate reductase 
activity. When there is severe water stress the legumes do not 
fi x atmospheric nitrogen and use the nitrate from the soil.”
 “The amount of biologically fi xed nitrogen by legumes 
varies a great deal depending on the Rhizobium strain, the 
cultivar of the host, and the environmental conditions.” 
Address: 1. INRA, 9 place Viala, 34060 Montpellier, France; 
2. ENSA, 08 B.P. 35, Abidjan 08, Ivory Coast.

2439. Ontario Soya-Bean Growers’ Marketing Board. 
1985. Soybeans: Nature’s miracle–teaching unit (Portfolio). 
Chatham, Ontario, Canada: OSGMB. [1] + 33 p. Undated. 
28 cm.
• Summary: This interesting portfolio of materials, with 
33 numbered pages of inserts plus an unnumbered fi rst 
page (“Introduction to teacher’s unit”), is designed to teach 
children in Ontario, Canada, about the growth development 
of a soybean from seed to mature plant, soybean cultivation, 
soybean processing and products, the importance of 
soybeans to Ontario’s economy, and the Ontario Soya-Bean 
Growers’ Marketing Board.
 Contents: Introduction to teacher’s unit. 1. From seed 
to pod: A brief history of soybeans in Canada, biology of the 
soybean seed, its germination and seedling growth, soybean 
nodules and rhizobia bacteria, parts of a young soybean 
plant, reproductive stages from fl owering to maturity, corn 
heat units, tillage, word scramble.
 2. Soybeans–Nature’s miracle: A brief history of 
soybean utilization, ways that soybeans are used, soy oil, 
meal and soyfoods, recipes, word search. 3. Imports and 
exports: Importance of soybeans to the economy of Canada 
and Ontario, how soybeans get to market, The Ontario Soya-
Bean Growers’ Marketing Board.
 A table on page 20 shows “Soymeal consumption by 
Ontario’s livestock and poultry.” Hogs consume 45% of 
the total (the total is 503,000 tonnes), poultry 34%, dairy 
cattle 20%, and beef cattle 1%. Page 22 notes that the 
bulk of Ontario’s soybean exports (77%) are sold to East 
Asia–especially Japan, Hong Kong, Singapore, Malaysia, 
Indonesia, and Korea. Soyfoods are listed and discussed in a 
positive way, with recipes for: Bran muffi ns (with soy fl our 
and soy oil). Tofamole (tofu guacamole). Tofu fruit pudding. 
Tofu shake.
 Note: This is the earliest English-language document 
seen (Dec. 2003) that contains the term “Tofu shake.”
 The three largest farm crops in Ontario in terms of total 
area are hay (1,050,000 ha), grain corn (902,000 ha), and 
soybeans (425,000 ha). Address: Chatham, ONT, Canada.

2440. Roughley, R.J. 1985. Effect of soil environmental 
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factors on rhizobia. In: R. Shibles, ed. 1985. World Soybean 
Research Conference III: Proceedings. Boulder, Colorado: 
Westview Press. xxiii + 1262 p. See p. 903-10. [46 ref]
• Summary: Page 908: “Rhizobiophages are common in 
the rhizosphere of legumes. Their practical signifi cance has 
not been demonstrated beyond doubt in the fi eld but Barnet 
(1980) has shown that when added to two strains differing 
in phase sensitivity, numbers of the sensitive strain in the 
rhizosphere declined. Perhaps, a more signifi cant effect may 
result from genetic changes in the population resulting from 
phage attack.
 “Production of bacteriocins, substances produced by 
bacteria that are bactericidal against specifi c strains, is 
often under plasmid gene control. Schwinghamer et al. 
(1973) suggest they may be of ecological signifi cance in 
regulating numbers of specifi c strains. This suggestion has 
been confi rmed in experiments in non-sterile soil containing 
bacteriocin sensitive rhizobia. When an effective resistant 
strain was added together with a bacteriocin-producing 
strain, the proportion of nodules formed by the resistant 
strain was increased (Hodgson et al., 1984).” Address: 
Horticultural Research Station Gosford, N.S.W., Dep. of 
Agriculture, P.O. Box 720, Gosford, N.S.W. 2250, Australia.

2441. Shibles, Richard. ed. 1985. World Soybean Research 
Conference III: Proceedings. Boulder, Colorado, and 
London, England: Westview Press. xxiii + 1262 p. 
Conference held 12-17 Aug. 1984 at Iowa State University, 
Ames, Iowa. Author index. 24 cm. [2000+ ref]
• Summary: The book contains the following major 
divisions: Foreword. Preface. 1. Economics (p. 3-134): 
Plenary paper, supply and demand prospects, government 
policy impacts, microeconomics of production and 
marketing, emerging issues in processing, marketing, and 
distribution. 2. Utilization (p. 135-260): Plenary paper, 
protein chemistry, utilization of soybean protein, utilization 
of soybean products in animal feeds, soybean oil utilization. 
3. Breeding and genetics (p. 261-494): Plenary paper, 
molecular biology, germplasm and breeding methodology, 
nematode and insect resistance, disease and insect resistance, 
physiological traits. 4. Pathology (p. 495-604): Diseases of 
seeds, nematology, fungus diseases.
 5. Entomology (p. 605-714): Plenary paper; plant 
damage syndromes, yield losses and economic decision 
indices; sampling, ecology, and insect population dynamics; 
insect management strategies. 6. Physiology (p. 714-902): 
Plenary paper, partition and transport of assimilates, carbon 
assimilation, nitrogen metabolism, developmental aspects of 
growth and productivity. 7. Rhizobium (p. 903-962). 8. Soil 
and crop management (p. 963-1076): Soil-crop interactions, 
cropping systems.
 9. Weed science (p. 1077-1126): Herbicide technology, 
weed biology and ecology. 10. Dimensions of world 
production, utilization, and research (p. 1127-1256): Plenary 

paper, world soil erosion: problems and solutions, seed 
programs in the tropics, regional production and utilization, 
international programs and networks. Continuing committee 
for World Soybean Research Conference–IV. Constitution for 
World Soybean Research Conferences. Author index. Note: 
The editor’s surname is pronounced SHAI-bulz. Address: 
Dep. of Agronomy, Iowa State Univ., Ames, IA.

2442. Sprent, J.I.; Minchin, F.R. 1985. Rhizobium, 
nodulation and nitrogen fi xation. In: R.J. Summerfi eld and 
E.H. Roberts, eds. 1985. Grain Legume Crops. London: 
Collins. xvi + 859 p. See p. 115-44. Illust. Index. 24 cm. *
• Summary: Most soybeans in the tropics are determinate.

2443. Ssali, H.; Keya, S.O. eds. 1985. Biological nitrogen 
fi xation in Africa: Proceedings of the First Conference of 
the African Association for Biological Nitrogen Fixation 
(AABNF). Nairobi, Kenya: The Nairobi Rhizobium 
Microbiological Resources Centre (MIRCEN). x + 540 
leaves. Held 23-27 July 1984 in Nairobi, Kenya. 21 cm. 
[300+* ref]
• Summary: Contents: Summary of minutes. Foreword. 
Opening address. Plenary session (2 papers). Culture 
collection / preservation (2). Biological nitrogen fi xation in 
various countries (4; Ghana, Ethiopia, Egypt, Uruguay, Latin 
America and the Caribbean). Inoculant production / usage 
(8). Factors affecting biological nitrogen fi xation (8, incl. 
3 soybean). Biological nitrogen fi xation in grain legumes 
(5, incl. one soy). Biological nitrogen fi xation in pastures 
(6). Non-symbiotic nitrogen fi xation systems (3). Field 
applications for biological nitrogen fi xation technology (5). 
Coordination / dissemination of biological nitrogen fi xation 
technology: discussion session (2). Poster sessions (6, incl. 
one soy). List of conference participants. Author index. 
Address: Nairobi, Kenya.

2444. Summerfi eld, R.J.; Roberts, E.H. eds. 1985. Grain 
legume crops. London: Collins Professional and Technical 
Books. xvi + 859 p. Illust. Index. 24 cm. [1500+* ref]
• Summary: The editors’ preface begins: “This book 
contains eighteen chapters which, collectively, we believe to 
represent the most comprehensive and authoritative review 
yet available of those grain legume crops of economic 
signifi cance in world agriculture. The fi rst four chapters... 
provide a foundation for the thirteen subsequent chapters 
devoted to individual species... At the outset we selected six 
principal objectives...”
 Contents: Editors’ preface. Acknowledgements. 
Contributors. Part I: General relations. 1. Taxonomy and 
grain legumes. 2. Domestication and evolution of grain 
legumes. 3. Biochemical and nutritional attributes of grain 
legumes. 4. Rhizobium, nodulation and nitrogen fi xation.
 Part II: Individual species. 5. Pea (Pisum sativum, L.). 6. 
Faba bean (Vicia faba L.). 7. Lentil (Lens culinaris Medic.). 
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8. Chickpea (Cicer arietinum L.). 9. Soyabean (Glycine max 
(L.) Merrill). 10. Common bean (Phaseolus vulgaris L.). 
11. Lima bean (Phaseolus lunatus L.) 12. Cowpea (Vigna 
unguiculata (L.) Walp.). 13. Mung bean (Vigna radiata 
(L.) Wilczek / Vigna mungo (L.) Hepper). 14. Winged bean 
(Psophocarpus tetragonolobus (L.) DC.). 15. Pigeonpea 
(Cajanus cajan (L.) Millsp.). 16. Lupin (Lupinus spp.). 17. 
Groundnut (Arachis hypogaea L.).
 Part III: International Research. 18. Recent trends in 
internationally orientated research on grain legumes. Index. 
Address: 1. Univ. of Reading, Dep. of Agriculture and 
Horticulture, Plant Environment Lab., Shinfi eld Grange, 
Cutbush Lane, Shinfi eld, Reading RG2 9AD, England; 2. 
Univ. of Reading, Dep. of Agriculture and Horticulture, 
Earley Gate, Reading RG6 2AT, England.

2445. Summerfi eld, R.J.; Roberts, E.H. 1985. Grain legume 
species of signifi cant importance in world agriculture: 
Glycine max. In: Abraham H. Halevy, ed. 1985. CRC 
Handbook of Flowering. Vol. I. Boca Raton, Florida: CRC 
Press, Inc. 568 p. See p. 100-77. [174 ref]
• Summary: This substantial section on the soybean, 
with its own list of references, is a subchapter within the 
larger chapter titled “Grain legume species of signifi cant 
importance in world agriculture.” Contents: Introduction. 
Floral characteristics. Environmental regulation of fl owering. 
Chemical regulation of fl owering. Genetics. Table 1 shows 
“Genes know to regulate fl oral characters in soybeans.”
 “There can be no doubt that among the grain legumes, 
soyabeans (Glycine max L. Merrill) are the best known, most 
researched, and the species of principal economic importance 
in world agriculture. Soyabeans have probably received 
more research attention than all the other grain legume 
crops combined, although, ironically, little of the resultant 
information has contributed to improved productivity in the 
fi eld...
 “Except in photoperiodism and symbiotic dinitrogen 
fi xation, frequent subjects for ‘basic studies’, research on 
the physiology of the soyabean crop has lagged behind that 
in breeding and genetics, although interest in and fi nancial 
support for all aspects of research has increased substantially 
during the past 10 to 15 years. A large proportion of the 
sources of information on the soyabean crop have been 
written by American scientists and published in that 
country...
 “The genus Glycine, after a turbulent taxonomic history, 
is now composed of six perennial species of primarily 
Australian distribution placed in a subgenus Glycine, and 
two annual species, the wild G. soja and the cultivated G. 
max, in a subgenus Soja. Cytogenetic, morphological, and 
seed protein studies suggest that G. soja is the wild ancestor 
of the cultivated soybean: both annual species are diploid 
(2n = 40) and there are few, if any, cytogenetic barriers to 
hybridization between them. In contrast, G. max has not 

been crossed successfully with the six species in subgenus 
Glycine...
 “Three growth habits have been described in soyabeans; 
they are determined by two major genes and have different 
fl owering and stem termination characteristics. In the 
determinate and semi-determinate types, stem elongation 
diminishes more slowly and stems terminate in a series 
of small one- or two-fl owered axillary infl orescences 
crowded together by short internodes at the stem apex, 
or in a very small leaf. Vegetation growth ceases at about 
the time fl owers fi rst appear in the determinate types, but 
in the indeterminate about 75% of the vegetation biomass 
is produced after fl owering. Semi-determinates resemble 
the indeterminate types, except that stem growth and 
fl owering cease more abruptly and 7 to 10 days earlier. The 
indeterminate types are usually taller and less-branched 
than the determinates; they are grown at latitudes north of 
about 38ºN in the U.S. whereas determinate types occupy 
virtually all of the production areas south of about 36ºN. 
Determinate types fl ower later and at a higher node than 
the indeterminates in the north, which come into fl ower 
at the fourth to eighth node when plants are 30 to 35 cm 
tall. The fact that fl owering, pod-fi lling, and vegetative 
growth proceed concurrently in indeterminate types allows 
them to develop a large source capacity along with a long 
reproductive period and so to produce large yields in the 
shorter seasons which prevail at more extreme latitudes.” 
Address: 1. Plant Environment Lab., Dep. of Agriculture and 
Horticulture, Univ. of Reading, Shinfi eld Grange, Reading, 
Berkshire, England; 2. Dep. of Agriculture and Horticulture, 
Univ. of Reading, Earley Gate, Reading, Berkshire, England.

2446. Summerfi eld, R.J.; Roberts, E.H. 1985. Recent trends 
in internationally orientated research on grain legumes. 
In: R.J. Summerfi eld and E.H. Roberts, eds. 1985. Grain 
Legume Crops. London: Collins. xvi + 859 p. See p. 801-46. 
Illust. Index. 24 cm. [44 ref]
• Summary: Contents: Introduction. Research on grain 
legume crops at the international agricultural research 
institutes (incl. CGIAR, established 1971): Centro 
Internacional de Agricultura Tropical (CIAT; Cali, 
Colombia), International Center for Agricultural Research 
in Dry Areas (ICARDA; Aleppo, Syria), International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT; 
Patancheru PO, Andhra Pradesh, India), International 
Institute of Tropical Agriculture (IITA; Ibadan, Nigeria), The 
International Board for Plant Genetic Resources (IBPGR; 
Rome, Italy. Est. 1974).
 Other CGIAR centres (incl. IFPRI, Washington, DC. 
Est. 1975; and ISNAR, the Hague, Netherlands. Est. 1980): 
University of Hawaii NifTAL Project (Maui, Hawaii, USA. 
Est. 1975), International Soybean Program (INTSOY, Univ. 
of Illinois, Urbana, Illinois, USA. Est. 1973), The Asian 
Vegetable Research & Development Center (AVRDC, 
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Shanhua, southern Taiwan, ROC. Est. 1971), The Australian 
Centre for International Agricultural Research (ACIAR; 
Canberra, ACT, Australia. Est. 1982), Cooperative Research 
Support Programs (CRSPs) established under Title XII of the 
United States Foreign Assistance Act.
 Some achievement of the CGIAR grain legume 
programmes: Common beans at CIAT, faba beans at 
ICARDA, lentils at ICARDA, kabuli chickpeas at ICARDA, 
groundnuts at ICRISAT, chickpeas and pigeonpeas at 
ICRISAT, cowpeas at IITA, soybeans at IITA (Ibadan, 
Nigeria). Concluding remarks.
 Soybeans at IITA (Nigeria, p. 817, 841): “The spread of 
soybeans in tropical regions has been restricted by the lack 
of adaptation to tropical daylengths and temperatures, by 
deterioration of seeds in storage (... conditioned by excessive 
temperature and humidity during storage, and hot, arid 
soils at planting), by incompatibility of many forms with 
indigenous Rhizobium [root nodule bacteria] (other than R. 
japonicum), and limited yield potential.” Research at IITA 
has been concerned with each of these problems.
 “The almost complete lack of indigenous strains of 
Rhizobium japonicum was found to be responsible for 
the poor nodulation of many soyabeans in tropical soils. 
Effective inoculant strains have been identifi ed... but so 
far very few tropical countries have developed an effective 
inoculant industry.” So IITA took a novel approach by 
identifying soyabean lines which were easily inoculated by 
a wide variety of Rhizobium species, “including the cowpea 
cross-inoculum strains indigenous in African soils. This 
trait is called ‘promiscuity’ and lines with it are described as 
‘promiscuous.’” Promiscuous soybean varieties developed at 
IITA are able to nodulate effectively with indigenous strains 
of Rhizobium bacteria.
 In recent years there has been a major increase in 
the number of tropical countries that want to start or 
increase soyabean production. IITA researchers meet 
with representatives of national research programs to 
design research according to national priorities that is then 
undertaken at IITA. For example, IITA is helping national 
programs concentrated in the highlands of Rwanda, Ethiopia, 
Cameroon and Zaire. New approaches are being used to 
identify varieties that yield well at elevations greater than 
1,000 meters.
 “Since the soyabean crop is new to many African 
households, and because it could be so important where 
protein sources are scarce or prohibitively expensive, IITA is 
seeking to develop research on village and home utilisation. 
A major objective of this research is to develop appropriate 
processing technology that will produce food preparations 
which are acceptable to African consumers.
 “Soyabean lines well adapted to the tropics with good 
yields, improved seed longevity, promiscuous nodulation, 
disease resistance and shattering resistance, and with 
maturity ranging from 100-140 days, are now available. 

These are disseminated through international trials. In 1984, 
some 193 trials were sent to researchers requesting them in 
Africa, Asia, and South America.”
 NifTAL stands for Nitrogen fi xation by Tropical 
Agricultural Legumes. A contract from USAID provided 
funds for construction of a facility at the University of 
Hawaii.
 INTSOY cooperates with international and national 
organisations in seven principal activities: research, 
germplasm testing [ISVEX trials], feasibility studies, 
consultancies, publications, regional and international 
conferences, and training courses and study programs. From 
1973 to 1983, a major cooperative effort between INTSOY 
and the University of Puerto Rico helped to focus on the 
cultivation of food legumes in the tropics and subtropics. 
INTSOY has been funded by a series of research contracts 
from USAID, plus other special project funds.
 AVRDC focuses on two food legumes (soyabeans and 
mungbeans) and three horticultural crops (Chinese cabbage, 
tomato, sweet potato). Original research “on soyabeans was 
confi ned to Asia but collaborative projects now include many 
other tropical and subtropical regions.” Address: 1. Plant 
Environment Lab., Dep. of Agriculture and Horticulture, 
Univ. of Reading, Shinfi eld Grange, Reading, Berkshire, 
England; 2. Dep. of Agriculture and Horticulture, Univ. of 
Reading, Earley Gate, Reading, Berkshire, England.

2447. Tanaka, Akira; Fujita, K.; Terasawa, H. 1985. Growth 
and dinitrogen fi xation of soybean root system affected by 
partial exposure to nitrate. Soil Science and Plant Nutrition 
(Tokyo) 31(4):637-45. [6 ref]
• Summary: “When the root system of soy bean is exposed 
to combined nitrogen, growth and dinitrogen fi xing 
activity of root nodules are adversely affected. Because 
of this phenomenon, application of fertilizer nitrogen 
does not, necessarily, exert a benefi cial effect on nitrogen 
accumulation and grain yield in soybean.
 “However, it was indicated that when fertilizer nitrogen 
was applied to soybean at a restricted soil zone [below the 
roots], growth of the roots and fertilizer nitrogen absorption 
became more active in that zone, whereas root nodules grew 
normally on the roots in the other soil zone and promoted 
dinitrogen fi xation (1-3). This phenomenon may suggest 
that by the proper placement of fertilizer nitrogen in the 
soil the yield could be increased by increasing the amount 
of fertilizer nitrogen absorption without adversely affecting 
dinitrogen fi xation.” Address: Faculty of Agriculture, 
Hokkaido Univ., Sapporo, Hokkaido, 060 Japan.

2448. Trabulsi, I.Y. 1985. [Effect of fertilization with 
phosphorus on nodule formation in soybean cultivars 
“Williams” and “Davis”]. J. of the College of Agriculture, 
King Saud University 7(1):8. [8 ref. Ara; eng]*
Address: King Saud Univ., Riyadh, Saudi Arabia.
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2449. Trinick, M.J. 1985. Rhizobium strain competition for 
host nodulation. In: R. Shibles, ed. 1985. World Soybean 
Research Conference III: Proceedings. Boulder, Colorado: 
Westview Press. xxiii + 1262 p. See p. 911-17. [41 ref]
• Summary: “For a highly effective Rhizobium strain to 
be a successful inoculation it must be able to compete 
successfully for host nodulation against a background of less 
effective resident soil rhizobia and other soil bacteria. The 
outcome of competition is the summation of the infl uences 
of many microbiological, plant and environmental factors. 
This paper reviews some factors that affect Rhizobium 
competition for nodulation with emphasis given to the 
soybean-Rhizobium symbiosis.
 “Competition and Soil Establishment of Inoculant 
Strains: The success of a highly effective inoculum strain 
depends on its ability to become established in the host 
rhizosphere in competition with the indigenous microfl ora, 
to compete with resident soil rhizobia for nodule sites and 
to establish itself in the new soil environment as the major 
component of the rhizobial population.
 “Because the soybean is grown throughout the world 
its Rhizobium symbionts have become readily established 
as part of the soil microfl ora. The occurrence of soils with 
few or no resident strains of R. japonicum is diminishing. 
Signifi cant responses to inoculation are obtained only when 
the soil population of rhizobia is very low. The numbers of 
rhizobia present in the soil, their effectiveness, and their 
often superior ability to compete with an inoculant strain, 
determine the success of the inoculum. Inoculated soybeans 
sown into soils containing appreciable levels of R. japonicum 
do not usually result in signifi cant differences in seed yield. 
Generally, only about 5 to 10% of the nodules are formed 
by the inoculant applied to the seed (Kvien et al., 1981), 
even when the rhizobia are supplied at numbers manyfold 
higher than usual. Even when 50% of the nodules result 
from inoculation, an inoculum response may not occur. The 
rhizobia in these soils are usually effective and their soil 
numbers are frequently in excess of 104/g which minimizes 
the chances of detecting signifi cant responses (Weaver et al., 
1972).
 “Soybeans grown on soils containing 1000 or more 
rhizobia/g are not likely to be extensively nodulated by an 
inoculum applied at normal rates. Weaver and Frederick 
(1974) and Nelson et al. (1978) predicted that, for inoculum 
strains to form 50% or more of the nodules, an inoculum 
rate of at least 1,000 times the soil population must be 
used. However, any benefi ts would be modifi ed by the 
‘competitive’ nature of the inoculum strain.”
 “Conclusion: Development of inoculum cultures to 
benefi t soybean plants and other legumes, grown in soils 
having a high resident population of less effective rhizobia, 
demands an understanding of the mechanisms that infl uence 
the outcome of its competition with native soil strains. The 

mechanisms determining the competitive ability of rhizobia 
are poorly understood and appear to vary greatly between 
different legume / cultivar-Rhizobium associations, as 
well as between various competing Rhizobium strains. No 
defi nite guidelines can be given to predict the outcome of 
competition, but a knowledge of the factors discussed should 
be considered when selecting new strains of Rhizobium. 
The Rhizobium strain selected for an inoculum should not 
only be highly effective over the range of conditions of the 
growing season, but more competitive than the indigenous 
population under the conditions (e.g., temperature, pH, 
moisture, etc.) prevailing at the time of inoculation and host 
seed germination.” Address: Div. of Plant Industry, CSIRO, 
G.P.O. Box 1600, Canberra, A.C.T. 2601, Australia.

2450. Zhou, J.C.; Tchan, Y.T.; Vincent, J.M. 1985. Bacteroids 
in the soybean Bradyrhizobium japonicum symbiosis. In: R. 
Shibles, ed. 1985. World Soybean Research Conference III: 
Proceedings. Boulder, Colorado: Westview Press. xxiii + 
1262 p. See p. 918-25. [23 ref]
• Summary: “The root-nodule bacteria of legumes occur in 
two forms: free-living and symbiotic... The term bacteroid 
has been variously defi ned but for the present discussion it 
will be applied to all rhizobia found within the nodule cells 
of the host legume.” Address: Dep. of Microbiology, Univ. of 
Sydney, New South Wales 2006, Australia.

2451. Cohen, Hillel P.; Sarath, G.; Lee, K.; Wagner, F.W. 
1986. Soybean root nodule ultrastructure during dark-
induced stress and recovery. Protoplasma 132(1/2):69-75. 
Feb. [26 ref]
• Summary: “Results of this ultrastructural study provide 
evidence that dark-stress induces a set of conditions in 
soybean root nodules that mimics natural senescence. 
Further, our data also show that the initial morphological 
changes induced by dark-stress can be reversed within 
individual cells of soybean root nodules and that bacteroids 
remain stable during stress and subsequent recovery.” 
Address: Dep. of Agricultural Biochemistry, East Campus, 
Univ. of Nebraska-Lincoln.

2452. Holowach, Lorraine P.; Madison, J.T.; Thompson, J.F. 
1986. Studies on the mechanism of regulation of the mRNA 
level for a soybean storage protein subunit by exogenous 
L-methionine. Plant Physiology 80(2):561-67. Feb. [31 ref]
• Summary: Hybridization of cotyledon mRNA with cDNA 
complementary to Beta-mRNA revealed that the 1700 
nucleotide Beta-mRNA was not present in supplemented 
cotyledons. Thus, expression of the Beta-subunit gene is 
controlled at the level of transcription, RNA processing, or 
RNA turnover, rather than at the level of translation.
 Note: Messenger RNA (mRNA) is a large family of 
RNA molecules that convey genetic information from DNA 
to the ribosome, where they specify the amino acid sequence 
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of the protein products of gene expression. Address: U.S. 
Plant, Soil and Nutrition Lab., Agricultural Research Service, 
USDA and Division of Biological Sciences, Cornell Univ., 
Ithaca, New York 14853.

2453. Bhatnagar, P.S. 1986. All India Coordinated Research 
Project on Soybean (Indian Council of Agricultural 
Research). National seminar & seventeenth annual 
workshop: Proceedings & technical programme 1987-
87. G.B. Pant University of Agriculture & Technology, 
Pantnagar-263145, India. iv + 247 p. Held 22-25 April 
1986 at MACS (Maharashtra Assoc. for the Cultivation of 
Science) Research Institute, Pune, Maharashtra, India. No 
index. 27 cm.
• Summary: Recommendations concerning food uses of 
soybeans include: A domestic market for defatted soy fl our 
should be created. The production and use of tofu, soy 
beverage, and full-fat fl our in weaning (human and cattle 
calves) should be encouraged. Utilization research is taking 
place mostly at Sehore (oil, fl our), Pantnagar (fl our, milk, 
oil, isolate, tofu), and Bangalore (tempeh, soy yogurt, soy 
cheese). A directory of researchers is given at the back of the 
proceedings. Address: Coordinator, All-India Coordinated 
Research Project on Soyabean (ICAR), G.B. Pant Univ. of 
Agriculture & Technology, Pantnagar, UP, 263145, India.

2454. Hera, C.; Picu, I.; Dencescu, S. 1986. The soybean 
research program in Romania. Eurosoya No. 4. p. 103-04. 
April. [Eng]
• Summary: “Romania, a country with a tradition in soybean 
growing, has at present a strong research sector, which 
develops its activity within the Fundulea Research Institute 
for Cereals and Industrial Crops and its agricultural research 
stations from all over the country, while the area cultivated 
covers at present about 300,000 ha as a main crop and 
100,000 ha as a second crop in irrigated area after barley and 
wheat.
 “The researches regarding the growing of soybean 
developed mainly in the last 30 years and resulted in the 
creation of new varieties and the improvement of the 
cropping technology for the various ecological areas of 
Romania.
 “Research regarding soybean breeding: By the activities 
of soybean breeding that are carried out at the Fundulea 
Research Institute for Cereals and Industrial Crops and 
the Turda Agricultural Experimental Station, the aim is 
to achieve early varieties, with a high yielding capacity, 
resistance towards the main diseases, a high content of 
protein, resistance to lodging and shattering. At the same 
time, researches are made to increase the distance between 
the insertion of pod height and the soil.
 “By improving the plant earliness we aim at achieving 
varieties for the main crop in all areas of soybean cultivation 
and for the second crop in irrigated area in south part of the 

country, these varieties being adapted to the soil and climate 
conditions of each cropping area.
 “By improving the yielding capacity we aim at 
achieving varieties for the main crop with a yielding capacity 
of 4200-6000 kg/ha as an irrigated crop and of 3000-3800 
kg/ha as a nonirrigated crop while for the second crop, we 
tend to create varieties with a yielding capacity of 2500 kg/
ha.
 “By improving the resistance towards diseases such 
as soybean mosaic, bacterial blight and downy mildew, we 
intend to ensure a constant yielding level.
 “In order to increase the seed quality with regard to 
the content of useful substances, the increase of the protein 
content in the new varieties represents one of the main 
objective, the aim being to achieve a content of 41-46% of 
protein.
 “To ensure the application of mechanized technology 
for the soybean crops and in order to cultivate new varieties 
under irrigation conditions great efforts are made to improve 
the lodging and shattering score.
 “The breeding activities have been fi nalized up to the 
present by the registration of the Romanian varieties Precoce 
90, Tomis, Flora, Violeta, Danubian, which at the present are 
cultivated on about 50% of the overall soybean area while 
after extending the Danubian variety, the latest created, the 
surface with Romanian varieties will grow to over 60% of 
the overall soybean area in Romania.
 “Research regarding the soybean cropping technology: 
The research objectives regarding the soybean cropping 
technology aim at:
 “- improving the methods of soil tillage and seeding in 
view of reducing the consumption of energy, manpower and 
production costs;
 “- improving plant nutrition;
 “- taking steps towards weed, diseases and pests control;
 “- using irrigation with increased effi ciency.
 “We appreciate that stable yields of over 3 t/ha soybean 
in the southern part of the country, under irrigation (zone I), 
2.5 to 3 t/ha in the plain in the western part of the country 
and south of Moldavia (zone II) and 2 to 2.5 t/ha in hilly 
areas (zone III) will be achieved.
 “Soybean, as second crop under experimental 
conditions, proved to be able to achieve yields of 2 to 2.5 t/
ha in the southern area on irrigated fi elds.
 “The research on soil tillage technology have been 
concentrated, in the last decades, on establishing the 
effi ciency of some systems involving reduced works: 
minimum tillage and direct seeding on the unworked fi eld. 
To the second crop this method has a special importance in 
order to perform an early seeding.
 “During the last 10 years the seeding methods have been 
changed, the distance between rows is reduced from 70 cm. 
to 45-50 cm, seeding is performed in equidistant rows or 
in bands in order to facilitate a combined methodology for 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   906

© Copyright Soyinfo Center 2018

mechanical and chemical weed control.
 “A new technology is being developed and studied at the 
present which involves a small distance between the rows 
(25 cm) and suitable systems of machinery and necessary 
herbicides.
 “The research on nitrogen nutrition of soybean crop 
is concentrated on the possibilities for a more effi cient 
utilization of the three nitrogen sources: soil supply, 
fertilizers and symbiotically fi xed nitrogen. The new 
Rhizobium japonicum strains are tolerant to the high rates of 
mineral nitrogen in the soil and shows a high ability to fi x 
biologically the atmospheric nitrogen. The improvement of 
biopreparates [?] along with the inoculation methodology 
is also an important objective. In order to determine the 
quantities of biologically fi xed nitrogen and to establish 
the most effi cient cropping technologies the research on 
the use of isotopic methods have also been enlarged during 
the last 10 years. This research has been carried out in the 
framework of some programmes coordinated by FAO/IAEA 
Joint Division from Vienna, or in the framework of National 
Programme for use of nuclear energy in agriculture and has 
led to the achievement of remarkable results which have 
already been used at a production scale.
 “Nitrogen fertilization is also being studied from the 
viewpoint of its contribution to the improvement of the 
mineral nutrition in the plants inoculated with Rhizobium 
japonicum. The determination of soybean crop requirements 
in phosphorus, potassium and microelements nutrition, in 
various pedoclimatic conditions is also being considered. 
Other research programmes follow up the infl uence of 
pesticides application on the symbiosis activity and also the 
soybean crop infl uence on soil fertility.
 “The research on water consumption, forecasting 
methods, and irrigation methodology had as main target 
the achievement of high yields by a reduced water, energy 
and manpower consumption. Irrigation contributes to the 
increase of soybean yield in the southern areas of the country 
by 1.5 to 3 t/ha, as depending on the water shortage during 
plant growing stages.
 “In the framework of plant protection methodologies, 
an integrated control system is being used whereas a more 
important part is played by the chemical one, in controlling 
in the so-called ‘problem’ weeds such as:

“Sorghum hialepense; Solanum nigrum, Xanyhium sp. 
Abutilon, as well as some diseases as Sclerotinia, bacterial 
and virotic [viral] diseases.
 “Recently some research has been organized on soybean 
crop formation in order to determine the effects of growing 
technology and of climatic conditions on the yield level. This 
research aims at establishing new possibilities for obtaining 
high and constant yields.
 “The research within the Romanian soybean programme 
is being carried out in 18 experimental stations and 3 
Colleges of Agriculture located in areas where soybean is 

cultivated, under the direct coordination of the Fundulea 
Research Institute for Cereals and Industrial Crops.
 “If in research remarkable results have been achieved, 
we have to recognize that there are still certain problems 
to be solved with regard to the generalization of the results 
in production and we are convinced that together with the 
Ministry of Agriculture and Food Industry these problems 
will be solved soon.” Address: Research Inst. for Cereals and 
Industrial Crops, 8264 Fundulea, Romania.

2455. Joshi, J.M.; Nkumbula, S.; Javaheri, F. 1986. Seed 
inoculation response for promiscuous soybean cultivars. 
Soybean Genetics Newsletter 13:209-12. April. [5 ref]
• Summary: Sixteen promiscuous soybean lines were planted 
on virgin land (sandy loam) on 19 Dec. 1984 at the Magoye 
Regional Research Station in Zambia. Address: Ministry 
of Agriculture and Water Development, Magoye Regional 
Research Station, Magoye, Zambia.

2456. Takats, Stephen T. 1986. Suppression of nodulation in 
soybeans by superoptimal inoculation with Bradyrhizobium 
japonicum. Physiologia Plantarum 66(4):669-73. April. [15 
ref]
• Summary: “Symbiotic nodulation of the primary roots 
of soybeans (cultivar Pride 216) is regulated by the plant, 
and is suppressed in response to a high inoculum dose of 
Bradyrhizobium japonicum USDA strain I-110 (ARS)* 
applied at one time to the root. If an optimal dose is followed 
10 h later by a superoptimal dose, nodules from the fi rst 
inoculum near the base of the primary root are suppressed in 
a dose-dependent way similar to that observed after single 
inoculations. The nodules which appear are probably derived 
from infections initiated by the bacteria in both inocula.” 
Address: Biology Dep., Temple University, Philadelphia, 
Pennsylvania 19122.

2457. Asgrow Seed Company. Subsidiary of The Upjohn 
Company. 1986. Asgrow soybean management system: 1987 
edition–Northern. Des Moines, Iowa: The Upjohn Company. 
20 p. Undated. 28 cm.
• Summary: Contents: 1. Select superior varieties. 2. 
Purchase high quality seed. 3. Match row widths and plant 
populations. 4. Plant at proper depth and date. 5. Control 
weeds. 6. Supply soil nutrients and rhizobium bacteria. 7. 
Reduce harvest losses. Serious soybean diseases to watch 
for. Asgrow soybean production and conditioning. Asgrow 
varieties for a greater return on investment (17 varieties 
protected by the PVP Act). Plant Variety Protection Act.
 “Improved yields–Williams, the most widely grown 
variety in the U.S., is now consistently outyielded in 
university yield trials. From 1979 thru 1985, at 325 locations, 
Asgrow’s A3127 outyielded Williams, Williams 79 and 
Williams 82 by an average of 3.2 bushels per acre. In 
addition, it matured almost 4 days earlier and stood better.
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 “Asgrow a Leader- The Asgrow research team, directed 
by Dr. John Schillinger, is responsible for developing 
superior varieties, management systems and breeders seed 
stock. They are strategically located in major soybean areas. 
Most yield trials are conducted off station under actual farm 
conditions.” Contains 15 color photos. Address: Des Moines, 
Iowa 50322.

2458. Duong, Tran Phuoc; Diep, C.N. 1986. An inexpensive 
cultural system using ash for cultivation of soybean 
(Glycine max (L.) Merrill) on acid clay soils. Plant and Soil 
96(2):225-27. June. [16 ref]
• Summary: A remarkable yield increase was achieved by 
planting inoculated soybean in holes together with ash from 
burning rice straw. The ash caused an increase in pH and 
improved germination, early growth and nodulation of the 
soybeans. The importance of the ash treatment is illustrated 
by the observation that nodulation was virtually restricted to 
the holes to which ash had been added, presumably due to 
the reduced acidity and also to the calcium supplied by the 
ash. Mulching gave signifi cant improvements in nodulation 
when ash was not used; nodules formed at the interface 
between the mulch and the soil surface later during the 
growth period of the soybean crop. Given the abundance of 
rice straw in Southeast Asia which is often simply burned 
in the fi elds, this is an excellent example of appropriate 
technology for use by smallholders. Address: Biological 
Nitrogen Research Center, Univ. of Can Tho, Hau Giang, 
Socialist Republic of Viet Nam [Vietnam].

2459. Jensen, Jens Stougaard; Marcker, K.A.; Otten, L.; 
Schell, J.; Neptune, N.J. 1986. Nodule-specifi c expression 
of a chimaeric soybean leghaemoglobin gene in transgenic 
Lotus corniculatus. Nature (London) 321(6071):669-74. June 
12. [47 ref]
• Summary: “This study was conducted on soybean... 
nodules to determine if exogenous NH3 exerts a controlling 
infl uence over nitrogenase activity through changes in 
nodule gas permeability (P), and if decreasing carbohydrate 
availability, as a result of low-light treatment, increases the 
sensitivity of root nodules to NH3.” Address: 1-2. Dep. of 
Molecular Biology and Plant Physiology, Univ. of Aarhus, 
DK-8000, Arhus C, Denmark.

2460. Sengupta-Gopalan, Champa; Pitas, J.W.; Thompson, 
D.V.; Hoffman, L.M. 1986. Expression of host genes during 
root nodule development in soybeans. Molecular and 
General Genetics 203(3):410-20. June. [42 ref]
• Summary: “Summary. Nine unique nodulin cDNA clones 
from soybean have been characterized with regard to the size 
of the RNA and the corresponding protein products. Based 
on the sequence homology between clones C51 and E27 and 
the multiple RNA species corresponding to clones D41 and 
E41, it is suggested that some of the nodulin genes represent 

members of small gene families.” Address: Agrigenetics 
Advanced Research Division, 5649 East Buckeye Rd., 
Madison, Wisconsin 53716.

2461. Yanagisawa, K.; Ohyama, T.; Kumazawa, K. 1986. 
Analysis of C, N accumulation in soybean seeds by 13CO2, 
15N2 fi xation and 15NO3- absorption in different growth 
stages. Nihon Dojo Hiryogaku Zasshi (J. of Soil Science and 
Plant Nutrition) 57(4):371-76. Aug. 5. [10 ref. Jap]
Address: Japan.

2462. Atkins, C.A. 1986. The legume/rhizobium symbiosis: 
Limitations to maximizing nitrogen fi xation. Outlook on 
Agriculture 15(3):128-34. Sept. [75 ref]
• Summary: “Most grain legume species achieve 
considerably less than maximum nitrogen fi xation under fi eld 
conditions, and although many of the factors which might 
limit fi xation are simply a consequence of poor plant growth 
due to low soil fertility, inadequate water, unsuited cultivars, 
or pest and disease damage, there are a number of limitations 
imposed by the nature of the symbiosis itself. These specifi c 
limitations, which do not apply equally to the uptake and 
assimilation of fertilizer nitrogen from soil, are:
 “1. A need for infection by a Rhizobium strain which 
will form an effective symbiosis.
 “2. Substantial investment of nitrogen and other 
nutrients from the germinating seed to support Rhizobium 
multiplication and nodule formation.
 “3. Inhibition of nodulation and fi xation by combined 
nitrogen in the soil.
 “4. Need to protect nitrogenase from inactivation by 
ambient oxygen levels, with the consequent sensitivity of 
fi xation to variation in oxygen supply.
 “5. Infl ated cost, in terms of photosynthate usage, for 
nitrogen acquired by fi xation due to the relatively high 
energy requirements for nitrogenase functioning and for 
nodule maintenance.
 “6. Premature senescence of nodules and consequent 
decline in nitrogen input following anthesis and the onset of 
reproductive development.” Address: Botany Dep., Univ. of 
Western Australia, Nedlands, Western Australia.

2463. Cregan, P.B.; Keyser, H.H. 1986. Host restriction of 
nodulation by Bradyrhizobium japonicum strain USDA 123 
in soybean. Crop Science 26(5):911-16. Sept/Oct. [30 ref]
• Summary: In North America, strains of Bradyrhizobium 
japonicum serogroup USDA 123 are prevalent in many soils. 
Yet they nodulate many soybean varieties in a way that does 
lead to nitrogen fi xation.
 “Rhizobial competition for nodulation in soybean 
has mainly focused upon competitive differences among 
rhizobia and upon soil or rhizosphere events. Little research 
has addressed the infl uence of the host upon competition. 
Our results indicate a signifi cant effect of the soybean host 
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in determining the strain of rhizobia that nodulates. This 
suggests that subsequent studies of rhizobial competition 
in soybean should consider the host as a variable that 
can signifi cantly infl uence competition for nodule sites.” 
Address: Research geneticist and soil microbiologist, USDA-
ARS, Nitrogen Fixation and Soybean Genetics Lab., Range 
1, GH-19, Beltsville Agric. Res. Ctr.-West, Beltsville, MD 
20705.

2464. Govers, Francine; Moerman, Marja; Downie, J. Allan; 
Hooykaas, Paul; Franssen, Henk J.; Louwerse, Jeanine; van 
Kammen, Albert; Bisseling, Ton. 1986. Rhizobium nod genes 
are involved in inducing an early nodulin gene (Letter to the 
editor). Nature (London) 323(6088):564-66. Oct. 9. [18 ref]
• Summary: “Rhizobium bacteria can invade the roots of 
leguminous plants and elicit the formation of root nodules. 
This process involves the expression of at least 20 nodule-
specifi c genes encoded by the host plant, the so-called 
nodulin genes, which include the leghaemoglobin genes. 
During development of the root nodules the nodulin genes 
are differentially expressed.” Address: Dep. of Molecular 
Biology, Agricultural Univ., De Dreijen 11, 6703 BC 
Wageningen, The Netherlands.

2465. Kaleem, F. 1986. Assessment of nitrogen fi xation of 
various crops in Northern Ghana. In: First Workshop on 
Improving Farming Systems in the Savanna. Nyankpala, 
Ghana. See p. 2. *
• Summary: Recommends 60-75 cm between rows, and 5-10 
cm between soybean plants in each row.

2466. Bhatnagar, P.S. 1986. Soybean–for higher returns at 
low input cost. In: Low-Cost Crop Production Technology 
for Farmers. 1986. Compiled and published by Ministry of 
Agriculture and Rural Development, Dept. of Agriculture 
and Cooperation, Directorate of Extension, Government of 
India. See p. 118-22.
• Summary: Contents: Introduction. Choice of varieties. 
Selection of fi elds and land preparation. Date of sowing. 
Seed rate and depth of sowing. Plant population. Seed 
treatment and bacterial culture. Irrigation. Weeding and inter-
culture. Plant protection. Harvesting, threshing, and seed 
storage. Intercropping.
 The earliest statistics for soybean in India show 300 ha 
being grown in 1968. A new soybean processing complex 
has been proposed near Haldwani, Uttar Pradesh. Address: 
Coordinator, All-India Coordinated Research Project 
on Soyabean (ICAR), G.B. Pant Univ. of Agriculture & 
Technology, Pantnagar, UP, 263145, India.

2467. Carangal, Virgilio R. 1986. Soybean in rice-
based farming systems: The IRRI experience. In: S. 
Shanmugasundaram and E.W. Sulzberger, eds. 1986. 
Soybean in Tropical and Subtropical Cropping Systems. 

Shanhua, Taiwan: Asian Vegetable Research and 
Development Center. xv + 471 p. See p. 25-36. [8 ref]
• Summary: “Soybean is one of several upland crops that 
can be grown after rice... China, Indonesia. Thailand, and 
India each grow large areas of soybean after one or two rice 
crops.”
 “In the early 1970s IRRI began to study rice 
intercropping with soybean and corn...With an expansion of 
the program in 1974, the potential of soybean as an upland 
crop after puddled rice was also researched. Present studies 
concentrate on the identifi cation of better soybean cultivars, 
optimum plant populations, inoculation and fertilization 
practices, establishment techniques after rice, intercropping, 
and drought and water-logging tolerance.” Address: Head, 
Rice Farming Systems Program; Network Coordinator, Asian 
Farming Systems Network, International Rice Research Inst., 
Los Baños, Laguna, Philippines.

2468. Dashiell, K.E.; Keuneman, E.A.; Root, W.R.; 
Singh, S.R. 1986. Breeding tropical seed for superior seed 
longevity and for nodulation with indigenous rhizobia. 
In: S. Shanmugasundaram and E.W. Sulzberger, eds. 
1986. Soybean in Tropical and Subtropical Cropping 
Systems. Shanhua, Taiwan: Asian Vegetable Research and 
Development Center. xv + 471 p. See p. 133-39. [7 ref]
• Summary: “In the early 1970s experimental soybean 
plots at IITA often suffered from poor seedling emergence. 
Subsequent research revealed that poor stand establishment 
was primarily due to reductions in seed viability that 
take place during storage.” Research showed that the 
rate of decline in seed viability varied directly with seed 
moisture content; the higher the moisture, the shorter the 
viability. Seed-borne fungi played only a minor role in seed 
deterioration during storage. The Indonesian lines with 
excellent seed longevity proved to have poor agronomic 
characteristics. “In 1978 attempts were made to identify 
soybean lines that form effective symbiotic relationships 
with indigenous West African rhizobia. About 400 lines of 
diverse origin were evaluated for their ability to nodulate 
at six locations. Eight lines were found to be highly 
‘promiscuous’, i.e. they formed an effective symbiosis 
with rhizobia native to all six sites.” However all of these 
promiscuous lines proved to have poor agronomic characters, 
so in 1978 crosses were made to incorporate promiscuous 
genes into high yielding cultivars. Address: International 
Inst. of Tropical Agriculture, PMB 5320, Ibadan, Nigeria.

2469. Davis, P.E. 1986. A review of the existing use of 
legume inoculants and the formulation of a three year 
programme to widen the use of legume inoculants especially 
in the communal areas. Mimeo, Soil Productivity Research 
Laboratory, Marondera, Zimbabwe. *
• Summary: The author reported response to inoculation 
with the soybean variety Hernon 237 in Zimbabwe in 1952-
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1953.
 Note: Marondera, formerly Marandellas, is a town 
in northeastern Zimbabwe. It originated in 1890 as a rest 
house on the road from Harare (formerly Salisbury) to 
Mutare (formerly Umtali) and was named for Marondera, 
chief of the ruling Barozwi people (Source: Encyclopaedia 
Britannica).

2470. Johnston, Robert L., Jr. 1986. Johnny’s selected seeds 
(Mail order catalog). Albion, Maine: Johnny’s Selected 
Seeds. 96 p. See p. 9-10, 80.
• Summary: Various types and varieties of soybeans are sold. 
Yellow soybeans: Maple Arrow (100 days). “Green vegetable 
soybeans:” Butterbeans (90 days), Envy (75 days). Black 
soybeans: Black Jet (104 days, dry), Panther (120 days, dry).
 Soybean inoculants are also sold ($1.10 to treat 8 lb 
of seeds, p. 80). As of Nov. 1994 the phone number is 207-
437-9294. Address: President, JSS, Foss Hill Road, Albion, 
Maine 04910. Phone: (207) 437 4301.

2471. Papastylianou, I. 1986. Effect of nitrogen fertilization 
and inoculation with Rhizobia on nodulation and nitrogen 
and grain yield of soybean. Miscellaneous Reports, 
Agricultural Research Inst., Cyprus No. 26. 6 pp. [13 ref. 
Eng]*
Address: Agricultural Research Inst., Nicosia, Cyprus.

2472. Pasaribu, Djuber; McIntosh, Jerry L. 1986. Increasing 
tropical soybean production with improved cropping systems 
and management. In: S. Shanmugasundaram and E.W. 
Sulzberger, eds. 1986. Soybean in Tropical and Subtropical 
Cropping Systems. Shanhua, Taiwan: Asian Vegetable 
Research and Development Center. xv + 471 p. See p. 1-11. 
[10 ref]
• Summary: Contents: Introduction. Soybean in lowland rice 
areas: Common management practices. Soybean in upland 
rainfed areas: Common management practices, production 
prospects. Soybean in tidal swamps: Management practices, 
production prospects. In fresh water swamp areas: Common 
management practices, production prospects. Recent 
soybean research in Indonesia: Stand establishment, fertilizer 
management, rhizobium and nitrogen nutrition, intercropping 
(“In general, yield is reduced when soybean is planted as an 
intercrop with taller plants.”).
 In 1978 Indonesians consumed 4.85 kg/year of soybean, 
or 13.29 gm/day. This provided daily: 53 calories, 4.66 
gm of protein and 1.35 gm of fat. By comparison, cereals 
provided 31.97 gm/day of protein, all pulses and oilseeds 
(incl. soybeans) provided 8.08 gm/day of protein, while 
meat, eggs, milk and fi sh together provided a total of 4.66 
gm/day of protein, exactly the same as soybeans. Address: 
1. Agronomist, Bogor Research Inst. for Food Crops; 2. 
Farming Systems Liaison Scientist, Cooperative CRIFC/
IRRI Program in Indonesia, Agency for Agricultural 

Research and Development.

2473. Rahman, Lutfur. 1986. Cropping systems and soybean 
production in Bangladesh. In: S. Shanmugasundaram 
and E.W. Sulzberger, eds. 1986. Soybean in Tropical and 
Subtropical Cropping Systems. Shanhua, Taiwan: Asian 
Vegetable Research and Development Center. xv + 471 p. 
See p. 81-86. [12 ref]
• Summary: Contents: Introduction. Soybean cultivars. 
Management studies: Land preparation and planting, 
inoculum, input levels, zero-tillage. Cropping patterns 
(soybeans are intercropped in Bangladesh with sugarcane, 
maize, sweet potato, banana, and mulberry).
 “Soybean is a comparatively new crop. It was fi rst 
introduced during the Second World War [1941-1945], re-
introduced during the 1960s, and it appeared a third time in 
1972-73. Previous failures to establish soybean production 
were mainly due to a lack of early maturing cultivars, the 
absence of research, and the failure to promote soybean as a 
food and industrial commodity.
 “Research began in 1975 under the auspices of the 
Bangladesh Coordinated Soybean Research Project. Various 
studies have indicated substantial potential for soybean in 
Bangladesh, both agronomically and from the point of view 
of consumer acceptance. Large-scale production has yet to be 
established, largely because of extension problems.
 “Soybean Cultivars: Only two cultivars have been 
released by the National Seed Board: Bragg and Davis. 
These materials are stable under a variety of conditions; 
yields are approximately 1.7 tonnes/ha for both cultivars. 
Davis is recommended for the winter season, while Bragg 
seems to perform well year-round.” Address: Dep. of 
Genetics and Plant Breeding, Bangladesh Agricultural Univ., 
Mymensingh, Bangladesh.

2474. Saint Macary, Hervé; Beunard, P.; Montange, D.; 
Tranchant, J.P.; Verniau, S. 1986. Setting and diffusion 
of a production system for legume Rhizobium inoculants. 
Symbiosis 2(1-3):363-66. [3 ref]
• Summary: “Abstract: UPIL (Unite de Production 
d’Inoculum pour Legumineuses) has been designed for 
producing high-quality Rhizobium inoculants for legumes in 
developing countries. It consists in a stainless steel fermentor 
where the medium is sterilized. Rhizobium is grown in it 
with a temperature regulation and controlled aeration.
 “In Rwanda, where inoculating soybean can result in 
yield increases of 60%, the system has been used since 1983. 
The production of inoculants and their use by farmers has 
been growing since then.
 “UPIL is presently used in more than ten other 
countries”–particularly through FAO projects. Address: 1-3. 
IRAT/CIRAD, B.P. 5035, 34032 Montpelier Cedex, France.

2475. Sanders, J.L. 1986. Maximum yield and maximum 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   910

© Copyright Soyinfo Center 2018

economic yield for soybean. In: S. Shanmugasundaram 
and E.W. Sulzberger, eds. 1986. Soybean in Tropical and 
Subtropical Cropping Systems. Shanhua, Taiwan: Asian 
Vegetable Research and Development Center. xv + 471 p. 
See p. 189-201. [24 ref]
• Summary: “This paper discusses the development of the 
concepts of maximum yield research (MYR) and maximum 
economic yield (MEY) of soybean in North America and 
their potential application in the tropics.”
 “The concepts of MYR and MEY have been widely 
adopted in North America by researchers and farmers.”
 “Maximum yields may not be economically practical, 
but agricultural scientists should not, for supposed economic 
reasons, fail to attempt to raise the limits on productivity 
imposed by technology.”
 “Maximum economic yields can be defi ned as the 
corresponding yield level where net profi ts are maximized 
in response to increasing inputs or improved production 
practices.”
 “’The difference between average yield and maximum 
economic yield is the world’s greatest food reserve.’ It also 
represents the farmer’s greatest potential source of economic 
survival.”
 “Maximum yields or MEY of soybean can only be 
achieved through the integrated management or control of 
the following factors: (1) optimum soil fertility, (2) proper 
inoculation, (3) higher plant populations, (4) superior cultivar 
selection, (5) proper row spacing, (6) optimum planing 
date, (7) proper tillage, (8) good drainage, (9) supplemental 
irrigation, (10) pest control, (11) crop rotation, (12) multiple 
cropping, and (13) good harvesting techniques.” Address: 
Potash and Phosphate Inst. of Canada, 555 Burnhamthorpe 
Road, Suite 507, Etobicoke, ONT, Canada M9C 2Y3.

2476. Shanmugasundaram, S.; Sulzberger, E.W. eds. 
1986. Soybean in tropical and subtropical cropping 
systems: Proceedings of a symposium, Tsukuba, Japan, 26 
September–1 October 1983. Revised ed. Shanhua, Taiwan: 
Asian Vegetable Research and Development Center. xv + 
471 p. Illust. Index. 26 cm. [500+ ref. Eng]
• Summary: Note: The fi rst edition, hardcover, published 
Oct. 1985, was recalled and discarded, due to errors in 
the text. Contents: Section 1. Cropping systems. 2. Plant 
breeding. 3. Management. 4. Diseases and insects. 5. Plant 
nutrition. 6. Physiology. 7. Economics. 8. Related topics. 
59 chapters total. Symposium participants. Author index. 
Subject index.
 In the Foreword, G.W. Sellek, Director General of 
AVRDC, notes that the proceedings of this symposium 
were published in two sections. The proceedings of the fi rst 
section, recently published by the Tropical Agricultural 
Research Center of Japan (TARC), cover country reports and 
special research projects. These proceedings cover cropping 
systems. “In the recent past, research was aimed almost 

exclusively at raising soybean yields rather than developing 
cropping systems that provide the stability needed to grow 
soybeans under high-risk conditions. There also seems to 
be a greater sense of urgency to integrate cropping systems 
research with disciplines such as plant breeding, crop 
management, pest control, and plant nutrition.” There is 
a strong “need to ensure that scientists from a variety of 
disciplines and backgrounds work together so that their 
research efforts are well coordinated.” Address: AVRDC, 
Taiwan.

2477. Shehu, D. 1986. Puna izoluese perzgjedhese me 
bakteret azotofi ksuese Rhizobium japonicum dhe perdorimi 
i tyre me effetivitet ne prodhimin e sojes [Isolation and 
selection of the nitrogen fi xing bacteria Rhizobium 
japonicum and their effective use in soyabean production]. 
Buletini i Shkencave Bujqesore 25(3):43-49. [6 ref. Alb; eng; 
fre]*
Address: Inst. Studimit te Tokave, Tirane, Albania.

2478. Singleton, P.; Burton, J.; Cady, F.; Davis, R.; Halliday, 
J. 1986. Developing cost-effective rhizobium technology 
for the tropics and subtropics. In: S. Shanmugasundaram 
and E.W. Sulzberger, eds. 1986. Soybean in Tropical and 
Subtropical Cropping Systems. Shanhua, Taiwan: Asian 
Vegetable Research and Development Center. xv + 471 p. 
See p. 275-83. [36 ref]
• Summary: “Soybean... can fi x between 14 and 300 kg/ha of 
nitrogen, depending upon its yield potential, the availability 
of soil nitrogen, and the genetic interaction between the host 
genotype and the Rhizobium japonicum strain.” Address: 
Univ. of Hawaii, NifTAL Project, P.O. Box “O”, Paia, 
Hawaii 96779.

2479. Bahar, Farid A.; Saenong, Sania. 1987. Yield 
constraints to soybean production in south Sulawesi. CGPRT 
No. 10. p. 387-94. Feb. J.W.T. Bottema, F. Dauphin, and 
G. Gijsbers, eds. Soybean Research and Development in 
Indonesia. [12 ref]
• Summary: Summary. Plant population: The plant type, soil 
fertility and present management practices will affect the 
density of plants. An appropriate plant spacing would be 40 
to 50 cm between the rows and 10 to 20 cm within the rows. 
At this plant spacing, 2 plants per hill is maintained.
 Discusses: Liming; Rhizobia; Pests (the most destructive 
insect is Etiella zinkenella). Address: Maros Research Inst. 
for Food Crops (MORIF), Ujung Pandang, south Sulawesi 
(Celebes).

2480. Guerts, P.M.H. 1987. Soybean trials and 
demonstrations in West Sumatra 1984/1985 to 1986/1987. 
CGPRT No. 10. p. 359-77. Feb. J.W.T. Bottema, F. Dauphin, 
and G. Gijsbers, eds. Soybean Research and Development in 
Indonesia. [6 ref]
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• Summary: “The Government of Indonesia, assisted by the 
Food and Agriculture Organization of the United Nations, 
implemented the Secondary Crop Intensifi cation Programme 
in 1978, to increase the production of secondary crops.
 “Activities in West Sumatra started in 1983 and 
over a 3-year period, 450 simple dispersed trials, 200 
demonstrations, 5 block demonstration farms and 15 special 
purpose trials were carried out.”
 Terms in the Glossary include: Legin–”A peat-based 
soybean inoculum produced by the University of Gajah 
Mada in Yogyakarta, used in the INSUS programme. 
Characterization: 10 million–1 thousand million Rhizobium 
japonicum bacteria per gram; pH 6.8–7.2; storage at T 
25º-30ºC up to 6 months if cooled, Legin expires after 
1 year.” Sawah–”Bunded land used for lowland rice 
production.” Secondary crops–”Food Crops often grown in 
rotation with rice.” Upland–”Refers to either fl at or sloping 
land that is not bunded and on which crops are grown 
under non-fl ooded (rainfed) conditions.” Address: FAO 
Representative, Jakarta.

2481. Lie, T.A.; Goektan, D.; Engin, M.; Pijnenborg, J.; 
Anlarsal, E. 1987. Co-evolution of the legume-Rhizobium 
association. Plant and Soil 100(1-3):171-81. Feb. [13 ref]
• Summary: The centers of diversity of cultivated plants are 
important sources of genetic variation for use in breeding 
programs and are often the regions in which the crops 
were originally domesticated. The authors highlighted the 
importance of these centers as a source of genes involved 
in symbiotic N2 fi xation in both host plants and rhizobial 
strains. Wild legumes which are capable of forming effective 
N2 fi xing symbioses are invariably nodulated in the fi eld 
in their center of diversity, even when they fail to nodulate 
when imported into other regions. This is presumably 
due to co-evolution of adapted host plant genotypes and 
compatible rhizobial strains. Address: Dep. of Microbiology, 
Agricultural Univ., Wageningen, The Netherlands.

2482. Sebayang, K.; Sihombing, D.A. 1987. The technology 
impact of soybean yield in Indonesia. CGPRT No. 10. p. 37-
48. Feb. J.W.T. Bottema, F. Dauphin, and G. Gijsbers, eds. 
Soybean Research and Development in Indonesia. [9 ref]
• Summary: East Java, as the production center of soybean, 
cannot increase its contribution since the growth of its yield 
and total production are low. To solve the problem, the 
Government of Indonesia has launched a special program, 
beginning on November 10, 1985 (National Hero’s Day), 
to expand the production area through intensifi cation of the 
movement of transmigrants from Java to other islands and 
by introducing a package program to increase the level of 
soybean yield. Several Government supports in promoting 
soybean production include: 1. Establish guaranteed fl oor 
price; 2. Subsidize the use of farm inputs; 3. Subsidize the 
use of Rhizobium inoculant; 4. Subsidize liming; 5. Intensify 

extension activities; 6. Intensify research and development. 
The successful soybean campaign in 1985/1986 increased 
the production of soybean through the expansion of area 
harvested (288,000 ha or a 32% increase compared to 1985 
production) and, to some extent, its average yield. Address: 
Directorate of Food Crop Production.

2483. Yutono, -. 1987. Inoculation with Rhizobium on 
soybean in Indonesia. CGPRT No. 10. p. 175-78. Feb. 
J.W.T. Bottema, F. Dauphin, and G. Gijsbers, eds. Soybean 
Research and Development in Indonesia. [9 ref]
• Summary: The literature on legume-Rhizobium symbiosis 
is extensive. Indonesia has a Rhizobium inoculation 
program, which started in 1983 and is called Intensifi kasi 
Khusus (INSUS) Kedelai. Since 1980 the Microbiology 
Laboratory, Faculty of Agriculture at Gadjah Mada 
University has worked with farmers in transmigration 
regions outside Java to supply an inoculum called Legin. 
Address: Faculty of Agriculture, Gadjah Mada Univ.

2484. Khalifa, F.M. 1987. Effect of nitrogen on nodulation 
and yield of soya beans under two systems of production 
in Sudan. J. of Agricultural Science (Cambridge, UK) 
108(2):259-65. April. [12 ref]
• Summary: “Two experiments were run over a 3-year 
period in the central rainlands of Sudan under two systems 
of production, rainfed [at the Agadi site] and irrigated [at 
Abu-Naama], to assess the effects of system of production, 
inoculation and nitrogen fertilizers on plant and nodule 
development and grain yield of soya beans.” “The soil was 
free of rhizobium bacteria specifi c for soya bean.”
 “In 1979 and 1980 yield of irrigated nodulating soya-
bean grain was 0.53 and 1.54 t/ha higher than rainfed yields 
whereas the difference in grain yields of the non-nodulating 
soya beans was 0.21 t/ha and zero during the same two 
seasons, respectively.”
 “A positive yield response to soybean inoculation was 
reported in Sudan.” Address: Kenana Research Station, Abu-
Naama, B.N.P. Sudan.

2485. Bhatnagar, P.S. comp. 1987. All India Coordinated 
Research Project on Soybean (Indian Council of Agricultural 
Research). Eighteenth annual workshop: Proceedings 
& Technical Programme. National Research Centre for 
Soybean, Khandwa Road, Indore 452 001, India. iii + 160 p. 
Held at Univ. of Agricultural Sciences, Dharwad (Karnataka) 
1-3 May 1987. No index. 27 cm.
• Summary: The All-India Coordinated Research Project on 
soybean has 5 main centers, ten sub centers, and 5 voluntary 
centers. The papers in this symposium are mainly about 
soybean production, with very little about utilization. At the 
back is a “List of participants” (directory). Address: Director, 
NRCS.
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2486. Harper, James E. 1987. Nitrogen metabolism. In: J.R. 
Wilcox, ed. 1987. Soybeans: Improvement, Production, and 
Uses. 2nd ed. Madison, Wisconsin: American Society of 
Agronomy. xxii + 888 p. See p. 497-533. Chap. 13. [287 ref]
• Summary: Contents. 1. Nitrate metabolism. 2. Nodulation 
and dinitrogen fi xation. 3. Interactions of nitrate metabolism 
and symbiotic dinitrogen. 4. Conclusion.
 A high level of inorganic nitrogen, especially nitrate, in 
soil depresses nodulation and nitrogen fi xation of soybean 
plants. Address: USDA-ARS, Univ. of Illinois, Urbana, IL.

2487. Lersten, N.R.; Carlson, J.B. 1987. Vegetative 
morphology. In: J.R. Wilcox, ed. 1987. Soybeans: 
Improvement, Production, and Uses. 2nd ed. Madison, 
Wisconsin: American Society of Agronomy. xxii + 888 p. 
See p. 49-94. Chap. 3. [78 ref]
• Summary: Contents. 1. Leaf: Gross morphology, petiole 
and petiolules, epidermis, mesophyll, vascular architecture. 
2. Stem: Mature primary structure, secondary growth. 3. 
Root system: Primary structure, secondary growth of root. 4. 
Germination and seedling growth: Establishment. 5. Primary 
meristems and organ differentiation: Stem apical meristem 
and primary stem, apical meristems and leaf development, 
root subapical meristem and primary roots, branch roots. 6. 
Bacterial root nodules. 7. Mycorrhizal relations. Address: 1. 
Iowa State Univ., Ames, IA; 2. Univ. of Minnesota, Duluth, 
MN.

2488. Ohio Extension Bulletin. 1987. Glossary [of soybean 
agronomy]. No. 741. p. 127. May. Beuerlein et al. eds. The 
Soybean in Ohio. iv + 128 p.
• Summary: Glossary–Cultivar: a specifi c cultivated variety 
of a plant species processing distinctive characteristics. 
Determinate: a plant which fl owers once during the growing 
season over a relatively short period of time. Germplasm: 
the total genetic material of a plant or species. Hyphae: 
threadlike structures which form the body of a fungus. 
Indeterminate: a plant which continues vegetative growth 
during fl owering and fl owers over a relatively long period of 
time. Inoculant: a material applied to the seed or in the seed 
furrow which contains nitrogen-fi xing bacterial capable of 
infecting the root system of a legume. Maturity Group (MG): 
a relative rating system used to classify soybeans based on 
the length of time elapsing between planting and maturity. 
Maturity: the growth stage at which dry matter accumulation 
is essentially complete. Nitrogen (N) Fixation: the process by 
which soil bacterial convert atmospheric nitrogen into a plant 
available form (NH4). Photosynthesis: the process by which 
plants use sunlight to combine carbon dioxide and water to 
form sugars. Respiration: the process by which plants break 
down chemical compounds to produce energy.

2489. Palmer, R.G.; Kilen, T.C. 1987. Qualitative genetics 
and cytogenetics. In: J.R. Wilcox, ed. 1987. Soybeans: 

Improvement, Production, and Uses. 2nd ed. Madison, 
Wisconsin: American Society of Agronomy. xxii + 888 p. 
See p. 135-209. Chap. 5. [348 ref]
• Summary: Contents. 1. Soybean genetics committee. 2. 
Soybean genetics newsletter. 3. Genetic type collection. 4. 
Soybean germplasm collections. 5. Qualitative genetics. 6. 
Cytogenetics. 7. Gene symbol index. Address: 1. USDA-
ARS, Iowa State Univ., Ames, IA 2. USDA-ARS, Soybean 
Prod. Research, Stoneville, Mississippi.

2490. Bhatnagar, P.S. 1987. All India Coordinated Research 
Project on Soybean (Indian Council of Agricultural 
Research). Project coordinator’s report & summary tables of 
experiments 1986-87. National Research Centre for Soybean, 
Khandwa Rd., Indore 452 001, India. xxii + 336 p. 27 cm.
• Summary: Contents: Project coordinator’s report: Desired 
production of soybean is within our reach, by Dr. P.S. 
Bhatnagar (p. i-xxii). Summary tables of varietal trials 
(breeding and genetics, p. 1-144). Station trials. Agronomy. 
Seed physiology. Soil microbiology. Plant pathology. 
Entomology. Agricultural economics. Quality aspects 
and utilization. Appendixes. Summary reports. Breeding 
trials: Northern hill zone, northern plain zone, central 
zone, southern zone. Agronomy trials: Northern hill zone, 
northern plain zone, southern zone. Soil microbiology. Plant 
pathology. Entomology. Preliminary performance of some 
germplasm lines. Pest complex of soybean crop at Indore. 
Uniform method of disease rating. Statement showing staff 
position in the project. Budget allotment, expenditure and 
percent utilization in the project.
 The National Research Centre for Soybean, Indore, 
has under it fi ve main centers: 1. G.B. Pant University of 
Agriculture and Technology, Pantnagar, UP. 2. J.N. Krishi 
Vishwa Vidyalaya-Regional Research Station, Sehore, MP. 3. 
University of Agricultural Sciences, Bangalore, Karnataka. 
4. Indian Agricultural Research Institute, New Delhi. 5. 
Marathwada Agricultural University, Parbhani, Maharashtra. 
In addition, there are 10 Sub Centres and 5 Voluntary 
Centres.
 This report is largely about soybean breeding, variety 
development, and agronomy, with almost nothing about 
utilization. The utilization chapter contains 3 reports, only 
the last of which has any conclusions! (1) “Studies on 
feeding of tempeh to determine its effect on growth and 
blood picture of pre-school children.” The tempeh was 
made with 55 parts sunfl ower seeds and 45 parts soybeans. 
It was most acceptable to children when coated with sugar 
syrup. (2) “Studies on the partial substitution of ground 
meat preparations with edible grade defatted soybean meal.” 
(3) “Studies on the acceptability of soymilk blended dahi.” 
60 parts soymilk were blended with 40 parts cow’s milk 
and made into yogurt using various pure cultures. Address: 
Indore, India.
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2491. Haga, K.I.; Sodek, L. 1987. Utilization of nitrogen 
sources by immature soybean cotyledons in culture. Annals 
of Botany 59(6):597-601. June. [17 ref]
• Summary: “Protein synthesis in the maturing soybean 
cotyledon depends on a supply of reduced nitrogen from 
other parts of the plant. Several forms of reduced nitrogen 
are found in the transport stream supplying the developing 
fruits, the most important being the ureides allantoin and 
allantoic acid and the amides asparagine and glutamine 
(Pate, 1980).” Address: Departamento de Fisiologia Vegetal, 
Instituto de Biologia, Universidade Estadual de Campinas, 
13100 Campinas SP, Brazil.

2492. Franssen, Henk J.; Nap, J-P.; Gloudemans, T.; 
Stiekema, W.; van Dam, H.; Govers, F.; Louwerse, J.; van 
Kammen, A.; Bisseling, T. 1987. Characterization of cDNA 
for nodulin-75 of soybean: a gene product involved in early 
stages of root nodule development. Proceedings of the 
National Academy of Sciences, USA 84(13):4495-99. July. 
[32 ref]
• Summary: “Abstract: Establishment of a nitrogen-fi xing 
root nodule is accompanied by a developmentally regulated 
expression of nodulin genes, only some of which, the so-
called early nodulin genes, are expressed in stages preceding 
actual nitrogen fi xation. We have isolated soybean cDNA 
clones representing early nodulin genes and have studied 
clone pENOD2 in detail.”
 The N-75 nodulins appear not to function in the 
infection process; it seems more likely that they function in 
nodule morphogenesis. Address: Dep. of Molecular Biology, 
Agricultural Univ., De Dreijen 11, 6703 BC Wageningen, 
The Netherlands.

2493. Jensen, E.S.; Sorensen, L.H. 1987. Survival of 
Rhizobium leguminosarum in soil after addition as inoculant. 
FEMS Microbiology Ecology 3(4):221-26. Aug. 1. [16 ref]
• Summary: “Three streptomycin-resistant (strr) strains of 
the root-nodule bacteria Rhizobium leguminosarum biovar 
viceae were added to a fi eld soil harbouring an indigenous 
population of R. leguminosarum. Three or 4 years later more 
than 10,000 bacteria remained per gram of soil. The size of 
the strr population decreased with time, its `half-life’ ranged 
between 1.2 and 2.1. years. The survival was positively 
infl uenced by host-legume, non-host-legume and non-legume 
crops. The highest and lowest survival rates were found in 
soils cropped with a host legume every year, and in soil kept 
fallow, respectively.”
 Page 222: “Strains of Bradyrhizobium japonicum, which 
nodulate soybeans, have been reported to survive well in the 
fi eld for more than 5 years, even without cropping of the host 
legume [8]. In another experiment with soybean rhizobia, it 
was reported that the percentage of nodules formed by the 
introduced strain increased with time indicating a permanent 
establishment and a high competitive ability [9].”

 Page 225: “In contrast to the present observations, 
Dunigan et al. [9] reported that, once established, an 
introduced strain of Bradyrhizobium became competitive 
with the indigenous rhizobia in the soil, and each year 
formed a higher percentage of the nodules on the soybean 
root.” Address: Agricultural Research Dep., Riso National 
Lab., Roskilde, Denmark.

2494. Beg, Akhtar. 1987. Soybean research in Pakistan. 
In: Asian Vegetable Research and Development Center. 
1987. Soybean Varietal Improvement: Proceedings of the 
International Workshop, Jakarta, Indonesia, 21-22 July 1984. 
Shanhua, Taiwan: AVRDC. vii + 93 p. See p. 63-72.
• Summary: Contents: Introduction. History of soybean 
research in Pakistan. Problems of soybean production and 
research. Research objectives and development activities. 
Future soybean research: Evaluation of soybean cultivars for 
different areas, evaluation of soybean as a companion crop, 
soybean seed production, inoculum production, minimum 
tillage. Research fi ndings: Insect pests and diseases, yield 
trials, cropping systems, intercropping of soybean under 
shade, varietal trials. Address: National Coordinator 
(Oilseeds), Pakistan Agricultural Research Council, P.O. Box 
1031, Islamabad, Pakistan.

2495. Pandey, R.K. 1987. The role of IITA soybean 
improvement program in tropical Asia. In: Asian Vegetable 
Research and Development Center. 1987. Soybean Varietal 
Improvement: Proceedings of the International Workshop, 
Jakarta, Indonesia, 21-22 July 1984. Shanhua, Taiwan: 
AVRDC. vii + 93 p. See p. 31-36. [8 ref]
• Summary: Contents: Introduction. Tropically adapted 
cultivars. Seed longevity and establishment. Nitrogen 
fi xation in soybeans. Drought and excessive moisture. 
Insects and diseases. Evaluation and conferences. Address: 
Agronomist/Breeder, and Coordinator, South and Southeast 
(Asia) IITA Grain Legume Improvement Program, Rice 
Farming Systems Program, IRRI, P.O. Box 933, Manila, 
Philippines.

2496. Stougaard, J.; Petersen, T.E 1987. Expression of a 
complete soybean leghemoglobin gene in root nodules of 
transgenic Lotus corniculatus. Proceedings of the National 
Academy of Sciences, USA 84(16):5754-57. Aug.

2497. Yamagata, M.; Kouchi, H.; Yoneyama, T. 1987. 
Partitioning and utilization of photosynthate produced at 
different growth stages after anthesis in soybean (Glycine 
max L. Merr.): Analysis by long-term 13C-labelling 
experiments. J. of Experimental Botany 38(193):1247-59. 
Aug. [17 ref]
• Summary: “Carbon assimilated at the middle to late 
seed-fi lling stage contributed most to the seed production; 
one day contribution accounted for 3-4% in total carbon of 
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the seed at full maturity. Integrated contribution of carbon 
assimilated after anthesis was estimated as 96% of the fi nal 
seed carbon. An approximation based on the temporal data of 
the incorporation of labelled carbon into indicates that 77% 
of the fi nal seed carbon came from direct transfer of current 
photosynthate from source leaves, which occurred within 
a few days after the photosynthetic fi xation, while the rest 
originated from remobilization of carbon reserved mainly in 
leaves.” Address: 1. Shikoku National Agric. Exp. Station, 
Zentsuji, Kagawa, 765 Japan.

2498. Hahn, Matthias; Hennecke, H. 1987. Conservation of 
a symbiotic DNA region in soybean root nodule bacteria. 
Applied and Environmental Microbiology 53(9):2253-55. 
Sept. [17 ref]
• Summary: “Bradyrhizobium japonicum USDA 311b110 
contains a DNA region in which symbiotic genes and many 
repeated sequences are closely linked. Hybridization analysis 
revealed that this region was highly conserved in some 
B. japonicum strains (USDA 24, USDA 122, USDA 123, 
ATCC 10324, 61A24) but not in others (USDA 76, 61A76, 
61A101). The genomic presence of multiple copies of one of 
the repeated sequences (RSalpha) appeared to be specifi cally 
characteristic for soybean root nodule bacteria, including 
the fast-growing Rhizobium fredii, which carries most of 
these RSalpha copies on the symbiotic plasmid.” Address: 
Mikrobiologisches Institut, Eidgenossische Technische 
Hochschule, ETH-Zentrum, CH-8092 Zurich, Switzerland.

2499. Harper, James E. 1987. Soybean physiology. Illinois 
Research (Illinois Agric. Exp. Station, Urbana) 29(2/3):30-
31. Summer/Fall.
• Summary: Nitrogen fi xation occurs when bacteria 
called Bradyrhizobium japonicum invade a soybean root 
and cause the formation of a tumorlike nodule that can 
convert atmospheric nitrogen to ammonium for the plant. 
It now appears that the availability of carbon may limit 
soybean productivity more than the availability of nitrogen. 
Carbon is made available to the plant by photosynthesis. 
During photosynthesis, carbon dioxide diffuses from the 
air into leaves and is converted into carbon-rich sugars 
by sunlight energy. These sugars are used for energy and 
provide skeletons for plant structures. Address: USDA plant 
physiologist with the Agricultural Research Service and Prof. 
of Agronomy, Univ. of Illinois, Urbana, IL 61801.

2500. Dashiell, K.E.; Bello, L.L.; Root, W.R. 1987. Breeding 
soybeans for the tropics. In: S.R. Singh, K.O. Rachie, and 
K.E. Dashiell. eds. 1987. Soybeans for the Tropics. New 
York: John Wiley & Sons. xx + 230 p. See p. 3-16.
• Summary: Contents: Introduction. INTSOY. AVRDC. 
Brazil’s experience. IITA: Seed longevity, nodulation.
 Soybean breeding has increased dramatically in the 
tropics during the past 10 years. International organizations 

such as INTSOY (the International Soybean Program, Univ. 
of Illinois), AVRDC (the Asian Vegetable Research and 
Development Center, in Taiwan), and IITA (the International 
Institute of Tropical Agriculture, in Nigeria) have programs 
to develop improved cultivars, as do national agencies in 
countries such as Brazil, India, Thailand, Indonesia and 
Zimbabwe.
 Since 1973, INTSOY has coordinated international 
testing of soybean varieties through the International 
Soybean Variety Evaluation Experiment (ISVEX). ISVEX 
has focused on testing soybeans in localities where they have 
not previously been cultivated. AVRDC benefi ts from its 
location at the extreme north edge of the tropics.
 Most of the soybean production in Brazil is in the 
subtropical or temperate areas, Rio Grande do Sul, Santa 
Catarina, Paraña and Sao Paulo (traditional). But since 1970 
production has increased dramatically in the tropical areas 
(see Table 1.3).
 In preliminary yield trials at IITA in 1974, the 
highest yield (3615 kg/ha) was obtained with TGm 249-3. 
Unfortunately, all the varieties tested had two weaknesses: 
they could not form nodules with Rhizobium indigenous to 
African soils and the seed quickly lost its viability when 
stored under ambient conditions.
 In 1975 researchers at IITA began to evaluate soybean 
varieties for seed longevity. The deterioration of seed after 
maturity and before harvest is called “fi eld weathering,” and 
it is evidently caused primarily by pathogens.
 Developing varieties that have both seed longevity and 
resistance to fi eld weathering will be essential if soybeans are 
to be grown in the lowland, humid tropics. A general rule of 
thumb is that large-seeded genotypes are highly susceptible 
to incubator weathering and have poor seed longevity. The 
other major technical obstacle is the inability of common 
varieties to nodulate with indigenous rhizobia.
 IITA noted in its 1986 annual report that its soybean 
scientists started programs in 1985 in Tanzania and 
Zimbabwe to actively develop and test improved lines. These 
regional programs will continue to emphasize promiscuous 
nodulation and seed longevity. This regionalization should 
allow IITA to serve national programs more effectively and 
aid them in quickly developing improved soybean lines. 
Address: International Inst. of Tropical Agriculture (IITA), 
PMB 5320, Ibadan, Nigeria.

2501. Hassan, Mahmoud Zaki; Abdalla, Safi a Tamam. 1987. 
Soybean oil and meal: The focus for production and research 
in Egypt. In: S.R. Singh, K.O. Rachie, and K.E. Dashiell. 
eds. 1987. Soybeans for the Tropics. New York: John Wiley 
& Sons. xx + 230 p. See p. 93-99.
• Summary: The area cropped to soybean in Egypt has 
increased rapidly over the past decade. In 1972 only 1,100 
ha were planted to the crop whereas in 1983 the fi gure was 
62,000 ha. During the same period the average seed yield 
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increased from 1.1 tonnes/ha to more than 2.5 tonnes/ha. 
In 1980 soybean oil represented about 5% of the edible oil 
consumed in the country (386,000 tonnes) and soybean meal 
contributed about 35% of the requirements of the poultry 
industry.
 Constraints on production include the competition for 
arable land; lack of elite varieties adapted to local conditions; 
damage by insects, which are diffi cult to control in the dry 
season when soybeans are grown; poor crop establishment 
because of dense soils; and high requirements for nitrogen 
fertilization because of the limited nodulation by local 
rhizobia. To date, some progress has been made on all these 
fronts in the Agricultural Research Center (ARC).
 Tables show: (1) Yield of seven early maturing varieties 
grown in fi eld trials at two sites in 1983 (Sakha and Sids) 
and four sites in 1984 (Nubaria, Sakha, Gemmeiza, and 
Bahteem). (All sites were planted in the fi rst half of May). 
The highest yields in 1983 were from Crawford at Sakha 
(3.80 metric tons per ha) and in 1984 from Clark at Bahteem 
(5.42 mt/ha).
 (2) Evaluation of seven soybean varieties in late planted 
yield trials conducted at three sites in 1983 and 1983. (All 
sites were planted in the fi rst half of June). The highest yields 
in 1983 were from Clark at Menia (5.59 mt/ha) and in 1984 
from Forrest at Giza (3.98 mt/ha).
 (3) Evaluation of six very early maturing varieties at two 
sites in 1983 and 1984. (All sites were planted in the fi rst 
week in April). The highest yields in 1983 were from Clark 
at Sakha (2.58 mt/ha) and in 1984 from Lakoa at Gemmeiza 
(4.24 mt/ha).
 (4) Evaluation of 12 varieties’ resistance to the cotton 
leaf worm in a fi eld experiment. (5) Seed qualities of 12 
varieties as determined by in vitro germination test and 
emergence from seeds planted in pots under stress. The 
varieties are: Calland, Crawford, Clark, Cutler 71, Will, 
Kent, Delmar, Mitchell, Pella, Desoto, Columbus, Union. 
For the in vitro experiment numbers are given for 100-seed 
weight, hard seed (%), fungal seed (%), radicle length (mm). 
For the pot test: Germination (%) ad % seed emergence 
(Calland is highest at 79%).
 (6) Yield of Columbus as affected by plant population 
and distribution at three sites in 1981.
 (7) Nodulation and top dry weight of at 35 and 70 days 
after seeding as infl uenced by inoculation with Rhizobium, 
method of inoculation, and N [nitrogen] fertilizer in an 
experiment conducted in farmers’ fi elds at three sites in 
Menia governate in 1982.
 (8) Soybean nodulation, dry matter production and yield 
of (A) nodulating and (B) nonnodulating Clark isolines at 
three rates of N fertilizer in fi eld experiments, Gemmeiza and 
Shandaweel, 1983. Address: Food Legume Research Section, 
Field Crop Research Inst., Agricultural Research Center, 
Giza, Egypt.

2502. Root, W.R.; Oyekan, P.O.; Dashiell, K.E. 1987. West 
and Central Africa: Nigeria sets example for expansion of 
soybeans. In: S.R. Singh, K.O. Rachie, and K.E. Dashiell. 
eds. 1987. Soybeans for the Tropics. New York: John Wiley 
& Sons. xx + 230 p. See p. 81-85.
• Summary: While focusing on developments in Nigeria, 
this interesting account also describes developments with 
production and utilization in Zaire, Cameroon, Ghana, Ivory 
Coast, Senegal, Burkina Faso, Togo, and Benin.
 Nigeria is the largest producer of soybeans for food use 
in West and Central Africa. Zaire, Cameroon, and Ghana also 
produce and consume soy beans. Soybeans may be the most 
practical means of relieving kwashiorkor (protein-calorie 
malnutrition), which is increasing in prevalence among 
young children in the densely populated humid tropics... The 
successes experienced by people introducing food use of 
soybeans into villages in West and Central Africa have been 
encouraging
 Nigeria: As the largest producer of soybean, Nigeria 
also has the most extensive research programme. In 1908 
soybeans were fi rst introduced to Nigeria, but the fi rst 
successful cultivation was in 1937 with the variety Malayan, 
which was used for commercial production in Benue 
State. Since then, many small-scale farmers in this part of 
south-central Nigeria have incorporated soybean in their 
cropping system. Less important areas of production are in 
southern Kaduna State and in the Federal Capital Territory 
and adjacent Niger State [in Nigeria]. Large-scale farmers, 
particularly in the guinea savanna, on the Jos Plateau and 
in the derived savanna of Oyo State, have recently become 
interested in soybean production.
 Before Nigeria’s civil war [1967-1970, Biafra], all the 
soybeans produced in the country were exported; now almost 
all the local production is used for ‘dawa-dawa,’ a traditional 
condiment made and sold by women operating small 
businesses in southern Kaduna State.
 Since Nigeria’s recent ban on imports of vegetable oil, 
some mills in the country are turning to soybeans as a source 
of edible oil.
 The present expansion of soybeans in Nigeria has 
been founded on years of research. In the mid-1960s, the 
Institute for Agricultural Research (IAR) started a breeding 
programme for soybean and in 1983 initiated the release of 
two lines from a cross between Malayan and Clemson Non-
shattering.
 In 1980, soybean scientists in Nigeria adopted a 
nationally coordinated approach to soybean research that was 
subsequently endorsed by the federal government.
 Four major research institutes–the Institute of 
Agricultural Research and Training, the National Cereals 
Research Institute, IAR and IITA–carry out the bulk of 
Nigeria’s soybean research. The coordinated research 
projects have been reported elsewhere by Oyekan.
 Note: This document contains the earliest date seen for 
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soybeans in Nigeria (1908). Unfortunately the source of the 
information is not cited.
 Zaire: Like Nigeria, Zaire has a history of soybean 
production by indigenous farmers. Soybeans were introduced 
and promoted fi rst by missionaries before the nation won 
independence, and they are now considered a medicinal food 
to prevent and cure the wasting effects of kwashiorkor.
 For the past 6 years, researchers from l’Offi ce National 
de la Recherche et du Développement in Zaire, with the 
cooperation of scientists from AID (the United States 
Agency for International Development) have conducted a 
breeding program in three stations and have identifi ed at 
least two improved varieties suitable for different regions of 
the country. Yields of experimental lines have surpassed 2.5 
tonnes per ha in research trials.
 Cameroon: Research on soybean in this country, where 
the crop was reportedly introduced in 1924 (Numfor, 1983), 
focuses not only on varietal development and testing but also 
on utilization and extension.
 Research on utilization and extension has focused on 
increasing industrial and household use of soybeans. At last 
report, the low price for soybean deterred its commercial 
production, but homemakers, introduced to the crop through 
demonstrations, had begun to accept it.
 “Ghana: Published research on soybeans in Ghana dates 
from at least the 1950s, and local farmers in the north grow 
the crop for home use.” Homemakers grind the beans into 
fl our and use them in various local dishes.
 Côte d’Ivoire [Ivory Coast]: In 1978 Côte d’Ivoire began 
a project in cooperation with scientists in Brazil to develop 
2,000-ha seed farms for soybeans and maize at four sites in 
the country (derived savanna to northern guinea savanna).
 “Senegal: For the past 15 years [i.e. since 1972] 
IRAT [Institut de Recherches Agronomiques Tropicales] 
has conducted a breeding program as well as research on 
agronomic practices for soybeans in Senegal, including 
suitable strains of rhizobia for inoculant. Recently, the 
research effort has been taken over by l’Institut Sénégalais 
de Recherche Agricole. Lines from this breeding program 
have been successful in Côte d’Ivoire, Togo, and Cameroon. 
Testing in Senegal has focused on the region of the Senegal 
River, where trials have yielded good results. Yet few local 
farmers are growing soybeans.”
 Other countries: In Burkina Faso, in 1958, soybean 
cultivars were introduced for experimental studies; after 
suitable varieties had been identifi ed, efforts to popularize 
the crop began in the 1970s (Picasso, 1985). Togo and Benin 
have also identifi ed suitable soybean varieties and have 
begun extension programs for the crop.
 The future: Nigeria offers the best example in Africa 
of the potential for soybean production and use. The 
country has dramatically increased production from an 
estimated 30,000 ha in 1983 to 110,000 ha in 1986. The 
increase resulted from: (1) Government policies to produce 

food locally rather than import it. (2) Research to develop 
improved varieties and practices for all the agroclimatic 
zones in the country. (3) Emphasis on developing recipes 
that substitute or incorporate soybeans in traditional foods. 
(4) Willingness of local manufacturers to use soybeans in 
baby foods, vegetable oils and animal feeds. (5) Promotion 
of soybeans by organizations such as the river basin 
development authorities, agricultural development projects, 
hospitals, schools and local governments.
 The rapid increase in production is expected to continue 
for many years. By 1996, Nigeria should have at least 1 
million ha being cultivated with soybeans. Address: 1&3. 
International Inst. of Tropical Agriculture (IITA), PMB 
5320, Ibadan, Nigeria; 2. Obafemi Awolowo Univ., Inst. 
of Agricultural Research and Training, Moor Plantation, 
Ibadan, Nigeria.

2503. Singh, B.B. 1987. Soybean research and development 
in India. In: S.R. Singh, K.O. Rachie, and K.E. Dashiell. eds. 
1987. Soybeans for the Tropics. New York: John Wiley & 
Sons. xx + 230 p. See p. 111-118. Chap. 11.
• Summary: Dr. Singh formerly coordinated the All India 
Co-ordinated Soybean Research Project at Pantnagar Univ., 
India. This is one of the best summaries seen of the history of 
the soybean and the early days of its utilization in India. The 
history is divided into pre-1965 and “from 1965 to 1985.”
 Developing a market: “More than 85 solvent extraction 
plants existed in India in 1970, and most were running well 
below their planned capacity. Four scientists from Pantnagar 
University including myself went to M/S Prag Oil and Ice 
Mills, Aligarh” and convinced the owner to try solvent 
extraction of soybeans. “At the same time we at Pantnagar 
University collaborated with the missionaries running Knave 
Technical Institute to establish an extruder cooking plant 
at Bereilly. The plant was to use the defatted soybean meal 
from Aligarh and convert it into textured soybean protein 
(TSP), a substitute for meat, that would have a vast market 
for the vegetarians in India. The two products–soybean 
oil and TSP named ‘Nutri Nugget’–immediately became 
popular. Thus almost the entire soybean was being used as 
human food.
 “This marked the beginning of soy-based industries in 
India. In the fi rst year, both operations were so successful 
that the managers came to Pantnagar and hired four 
agricultural graduates each to promote soybean cultivation 
on contract around Aligarh and Bareilly... Working in 
collaboration with University of Illinois, we also developed a 
factory to produce soybean milk...
 Present production and future potential: Among 
the states the most signifi cant development in soybean 
production has occurred in Madhya Pradesh because of 
the state government’s active interest. Soybean cultivation, 
utilization and marketing are being promoted by the 
M.P. State Co-operative Oil Seed Growers’ Federation. 
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This federation provides incentives, including on-farm 
demonstrations, arranging availability of improved seeds, 
Rhizobium culture, insecticides, fungicides, fertilizers, etc. 
and assisting in the marketing of the produce by liaising with 
the processors.
 In Madhya Pradesh, solvent-extraction capacity is 
830,000 tonnes/year of soybean but is expected to soon reach 
1.29 million tonnes. Considering the rapid growth in soybean 
production and utilization, Madhya Pradesh is often called 
the “soybean state” of India.
 Tables show: (1) Performance of three varieties (Hardee, 
Bragg, and Semmes) at Pantnagar, 1967-1971. (2) Soybeans 
lines resistant to yellow mosaic and rust. (3) List of improved 
soybean varieties released in India. For each is given the 
variety name, area of adaptation, maturation time (days), and 
yield potential (tonnes/ha). The varieties are: Ankur, Alankar, 
Shilajeet, PK-262, PK-327, PK-308, PK-416. (4) Soybean 
area and production of six different states of India, 1983-83. 
The states, in descending order of production (in million 
metric tons) are: Madhya Pradesh (600), Uttar Pradesh (105), 
Rajasthan (10), Himchal Pradesh (5), Bihar (5), Gujarat (5). 
Address: International Inst. of Tropical Agriculture, Ibadan, 
Nigeria.

2504. Singh, S.R. 1987. Preface. In: S.R. Singh, K.O. 
Rachie, and K.E. Dashiell. eds. 1987. Soybeans for the 
Tropics. New York: John Wiley & Sons. xx + 230 p. See p. 
xiii-xiv.
• Summary: The author was fi rst introduced to soybeans 
only 6 years ago. Since taking responsibility of leading the 
group for soybean research at the International Institute of 
Tropical Agriculture (IITA), he has explored and learned 
much about the crop. He has come to the same conclusion 
as many before him: that it is a “golden bean,” a “miracle 
bean,” “crop of the planet,” and now he fi rmly believe it is 
“God’s sent golden bean,” with great promise in tropical 
Africa. In soybeans, the oligosaccharides, which cause 
fl atulence, are minimal compared with other grain legumes 
so it is an ideal food for infants. It is also a good dietary 
source of calcium and phosphorus.
 In developing countries, especially in the tropics, 
soybean cultivation and utilization have been restricted for 
several reasons, the main one being that until recently very 
little serious effort has been devoted to improving the crop’s 
performance. Most soybeans in the tropics give poor yields, 
produce seed with short viability, nodulate poorly and shatter 
easily when mature. There has also been little research on 
soybean utilization. Recipes must be developed that suit local 
taste and cook relatively quickly so that soybeans processed 
or unprocessed become a part of the daily diet of the people. 
There is also a need to establish village-level industries that 
can make inexpensive soybean foods with a long shelf-life. 
Address: International Inst. of Tropical Agriculture (IITA), 
PMB 5320, Ibadan, Nigeria.

2505. Singh, S.R.; Rachie, K.O. 1987. Introduction. In: S.R. 
Singh, K.O. Rachie, and K.E. Dashiell. eds. 1987. Soybeans 
for the Tropics. New York: John Wiley & Sons. xx + 230 p. 
See p. xv-xx.
• Summary: Contents: Introduction. Production. Constraints. 
Outlook. The soybean has proved more useful than 
many other grain legumes because it is a good source of 
both protein and oil, and it is well adapted to temperate 
conditions. Soybean is easier than its competitors to improve 
genetically because of its higher number of chromosomes 
(2n = 40 compared with 2n = 14 and 2n = 20 for other grain 
legumes).
 Most of the credit for bringing this plant into the 
twentieth century must go to a small group of brilliant, 
highly dedicated crop scientists who began using modern 
methods of plant improvement during the past 50 years.
 Soybean yields in Africa were the lowest, 660 kg/ha, 
while those in East Asia were next lowest, 960 kg/ha. An 
FAO study indicates potential soybean production in Africa 
on about 145 million hectares if inputs were low and up to 
270 million hectares under high-input conditions.
 The main barriers to soybean production in the tropics 
are biological constraints on the crop and the lack of markets. 
The lack of early progress on production in the tropics is 
attributed largely to the lack of a critical mass of researchers 
working in a multidisciplinary fashion, the lack of a clear 
understanding of the unique problems of soybeans in the 
tropics, and the lack of improved germplasm.
 But gradually, the technical obstacles to production 
began to be understood and addressed by soybean 
researchers at international centers (especially at the 
International Institute of Tropical Agriculture in Ibadan, 
Nigeria, and the Asian Vegetable Research and Development 
Center, in Taiwan) and several national programs.
 Increasingly scientists in developed countries began to 
lend their expertise and germplasm. Among the most helpful 
were INTSOY (the International Soybean Program at the 
University of Illinois) and the NIFTAL Project (studying 
nitrogen-fi xing plants at the University of Hawaii).
 By the mid-1970s, systematic study of major constraints 
had begun. The major biologic constraints identifi ed 
during this period included: Seed longevity under ambient 
storage, poor nodulation, shattering in temperate varieties, 
the complex of pests and diseases, and sensitivity to 
photoperiod.
 Several challenges remain: The most immediate and 
crucial concern is to develop attractive, easily prepared 
local dishes from soybeans. Address: International Inst. of 
Tropical Agriculture (IITA), PMB 5320, Ibadan, Nigeria.

2506. Kosslak, Renee M.; Bookland, R.; Barkei, J.; Paaren, 
H.E.; Appelbaum, E.R. 1987. Induction of Bradyrhizobium 
japonicum common nod genes by isofl avones isolated from 
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Glycine max. Proceedings of the National Academy of 
Sciences, USA 84(21):7428-32. Nov. [35 ref]
• Summary: Isofl avones play a role in plant physiology 
and survival. The isofl avones daidzein and genistein are the 
major inducers of the nodulation genes in Bradyrhizobium 
bacteria, which form nodules on soybeans. The early events 
in legume nodulation by Rhizobium species involve a 
conserved gene cluster known as the common nod region. 
Address: 1-3, 5. Agrigenetics Advanced Science Co., 
Madison, Wisconsin 53716; 4. Dep. of Chemistry, Univ. of 
Illinois, Chicago, IL 60608.

2507. Million, Jeff Bacon. 1987. Rhizobium-related 
constraints to grain legume production in St. Kitts, West 
Indies. PhD thesis, University of Florida, Gainesville. vii + 
190 p. Dissertation Abstracts International, B. Sciences and 
Engineering 49(8):2937B (1989). [129 ref]
• Summary: Contents: Acknowledgements. Abstract. 1. 
Introduction. 2. Literature review: Agriculture in St. Kitts, 
inoculation strategies, legume-Rhizobium symbiosis. 3. Farm 
survey. 4. Filter-press mud as an alternative inoculant carrier. 
5. Bean [Phaseolus vulgaris L.] fi eld inoculation trials. 6. 
Soybean fi eld inoculation trials: Introduction, methods and 
materials, results and discussion, summary and conclusions. 
7. Cowpea and peanut fi eld inoculation trials. 8. Summary 
and conclusions. Appendices: A. Soil fertility data. B. 
Rhizobium culture media and solutions. Literature cited. 
Biographical sketch.
 St. Litts is located in the Leeward Island group of the 
northern Lesser Antilles. The island is 32 km (19 miles) 
long and 10 km (6 miles) wide. Built by volcanic activity, 
its lower lands have been largely cultivated in sugarcane 
for over 200 years. Of the grain legumes, only peanut and 
pigeon pea are currently grown by farmers, yet imports of 
grain legumes averaged 51,300 kg/year.
 The Caribbean Agricultural Research and Development 
Institute (CARDI) is a regional agricultural research 
organization with a research located in St. Kitts. The past 
director of CARDI-St. Kitts was Dr. Laxman Singh, who 
initiated grain legume research in 1980 and 1981. Although 
Dr. Singh left St. Kitts in 1982, the resent research was 
initiated in 1983. On 17 Aug. 1983 the author fi rst planted 
soybeans on St. Kitts at the CARDI Research Station. 
He obtained seeds of four soybean cultivars of varying 
maturity (Santa Rosa, UFV-1, Jupiter, and an advanced 
Jupiter breeding line–F81-4567) from Dr. Kuell Hinson of 
the University of Florida Agronomy Department. A second 
group of soybeans were planted on 23-25 August 1985 at the 
same location.
 Rainfall was the major limiting factor for soybean 
production during the two experimental seasons. In 1983 
rainfall was insuffi cient for production of soybean seeds, but 
in 1985 excellent soybean growth and yields were obtained. 
No nodules formed on uninoculated soybeans. For soybeans, 

composed fi lter mud and peat were both effective inoculant 
carriers. Inoculation increased yields of the soybean variety 
Santa Rosa by 24% and UFV-1 by 12%, but had no effect on 
Jupiter. A local inoculation program was recommended for 
soybeans.
 Note: This is the 2ndd earliest document (March 2008) 
seen concerning the cultivation of soybeans in St. Kitts and 
Nevis. This document contains the 2nd earliest date seen for 
the cultivation of soybeans in St. Kitts and Nevis (17 Aug. 
1983, at the CARDI Research Station). The source of these 
soybeans was Kuell Hinson of the University of Florida. 
Address: Univ. of Florida, Gainesville, FL 32611.

2508. Okigbo, Bede N. 1987. Towards a new Green 
Revolution: From chemicals to new biological techniques 
in the improvement of tropical African agriculture. In: 
G.B. Marini-Bettolo, ed. 1987. Towards a Second Green 
Revolution: From Chemical to New Biological Techniques 
in Agriculture in the Tropics. New York & Amsterdam: 
Elsevier. See p. 457-81. [16 ref]
• Summary: The greatest problem facing the world today is 
that of inequality in the capabilities of countries in different 
parts of the world to effectively tackle the problem of 
producing enough food to meet demands of their rapidly 
rising populations. The African food crisis is of major 
worldwide concern in this regard. There is general consensus 
among recent reports on the present and future trends of 
events in Africa that political and ecological crises are 
concurrent with the agricultural, food and demographic 
crises. The overall result is that most countries in Sub-
Saharan Africa are increasingly relying on food imports 
and/or food aid to satisfy demands at a time when they lack 
foreign exchange and are bearing unprecedented heavy 
foreign debt burdens.
 “While in absolute terms agricultural and food 
production rates have been steadily going up at a reasonable 
rate of 1-2% per annum since the 1970s, the number of 
people to be fed is increasing at a faster rate than that of food 
production and averages 3% per annum.”
 “All the IARCs have as their general objective the 
execution of mission-oriented research and training on 
CGIAR mandated commodities and/or problems that directly 
or indirectly contribute to the quantitative and qualitative 
improvement of food production in the major ecological 
zones in the developing countries of the world.”
 “Soybeans are a new crop in tropical Africa. Although 
areas of Sub-Saharan Africa suitable for soybeans vary 
from 140-270 million hectares, less than 5% of this area is 
currently being utilized. Early attempts to grow soybeans 
from colder climates in the tropics encountered problems 
of low seed viability, low yields, inability to nodulate 
with indigenous rhizobia, shattering, stink bug and virus 
damage. Improved soybeans adapted to the tropics have 
been developed at IITA with satisfactory levels of storability, 
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ability to nodulate with indigenous rhizobia and yields of 
1.5-3.5 tonnes/ha.”
 The International Institute of Tropical Agriculture 
(IITA) is one of 13 international agricultural research 
centers (IARCs), supported by the Consultative Group for 
International Agricultural Research (CGIAR). It is one 
of four IARCs located in Africa. Address: IITA, Ibadan, 
Nigeria.

2509. Country reports [from 6 countries in Africa]. 1987. In: 
Desiree L. Cole, ed. 1987. Proceedings of the Workshop for 
the Southern Africa Region on Basics of Soybean Cultivation 
and Utilization, 24 February–7 March 1986, University of 
Zimbabwe. Harare, Zimbabwe: University of Zimbabwe. 
199 p. See p. 190-96. 20 cm. [8 ref]
• Summary: During an evening session on March 5, reports 
on soybean production and utilization were presented.
 (1) Lesotho, by Katherine Webster, Plenty Canada, P.O. 
Box 21, Mt. Moorosi, Quthing 750. “Plenty Canada has been 
involved in the promotion of soya-bean utilization in homes 
in Lesotho for the past 7 years. ‘Plenty’ is a non-profi t, 
non-governmental, international development organization 
with projects in the Caribbean, Sri Lanka, and Lesotho. 
The project in Lesotho is located at a remote village and it 
concentrates on integrated rural development with activities 
centred on forestry, village water systems, appropriate 
technology, and more recently, agriculture and nutrition.”
 “Having concluded that soyabean foods have a great 
potential as a low cost nutritional supplement to people’s 
daily diet, the project undertook variety trials of soyabeans 
and other legumes. Soyabean demonstration plots were 
established in farmers’ fi elds in order to familiarize the 
people with the crop.
 “To promote use of soyabeans as a food, a soy dairy, 
powered by wind and solar panels, was opened in August, 
1984. Its functions include the training of local people in 
soyabean processing, serving as a retail outlet for soya 
products, and it also provides information on soyabeans. 
The dairy produces 100 litres of soymilk daily, which is 
processed into various soyfoods including tofu, soysage, 
makoenyas, soynuts, soy yogurt, soy ice-cream and soy pulp 
mixed with maize meal. Some of these products are sold in 
local cafes in three villages. In 1986, ‘Plenty’ will establish a 
hammer mill to produce soyfl our.”
 (2) Malagassy [Malagasy, Madagascar], by Ramaruson 
Mayo, II D 84 Ambonrone, Antananarivo, Malagassy. 
“Nutritional defi ciencies in protein and edible oils infl uenced 
the Malagassy government’s decision to increase soyabean 
production. A soyabean research centre with 100 ha of land 
was established in 1980. The main activities are planting 
methods, and fi eld testing of herbicides and insecticides. 
An inoculant factory was established in 1984, and it began 
production in 1985.” (3) Malawi, by H.N. Soko, E. Mwale, 
and J.K. Nyasulu. Ministry of Agriculture, P.O. Box 30134, 

Lilongwe 3. Soyabeans were fi rst introduced into Malawi 
in 1909; and small quantities (200-900 tonnes) were being 
exported annually during the 1940’s. However, no effort 
was made to increase production of soyabeans. Most of 
the soyabeans presently produced in Malawi are used 
for livestock feeds, while the requirement for soyfl our 
and soymilk is imported. It is anticipated that soyabean 
production will increase in Malawi with the introduction of 
appropriate processing technology.
 (4) Swaziland, by K. Mabuza, M. Horton, and P. 
Dlamini, P.O. Box 4 Malkerns. “Soyabean, which has only 
recently been introduced to farmers is a minor crop in 
Swaziland. Protein and edible oil defi ciency in the diets of 
over 60 per cent of Swazi people has stimulated an interest 
in soyabean production. Malnutrition is more serious among 
nursing and pregnant mothers as well as pre-school infants 
than other groups in the population.
 Production: The on-farm research programme of the 
Farming Systems Project based at Malkerns Research Station 
has located a research assistant (RA) at each of 10 Rural 
Development Areas (RDAs). The RA collaborates with an 
extension home economist (EHE) to contact farmers who 
may be interested in growing soyabeans.
 “Until now, the work on soyabeans has been conducted 
with Women’s’ Associations with whom the EHE conducts 
much of her work. The RA demonstrates soyabean planting 
and management techniques to individual or groups of 
women.
 “Utilization: In conjunction with the extension of 
soyabean production, the Home Economics Section of 
the Ministry of Agriculture also organizes workshops 
on soyabean nutrition and food preparation. The section 
has conducted eight workshops for women’s groups and 
three for extension staff. The workshops have generated 
considerable enthusiasm among women who are not only 
excited about trying demonstrated recipes, but also attempt 
their own innovations at preparing soyabeans. Preparation 
of various foods from whole soyabeans including soymilk, 
weaning foods and soyfl our for cakes, cookies and bread, is 
demonstrated at the workshops.
 “Some problems have surfaced in the preparation of 
soyabeans for food. Dehusking the beans entails soaking 
in water which is often in short supply and obtained from 
considerably distant sources. A combined method of 
dehusking and grinding would facilitate processing of the 
soyabeans for soymilk and other foods.
 (5) Tanzania, by R.J. Mbonika, G.C. Mrema, Ministry 
of Agriculture and Livestock Development. J.A. Assenga, 
Agricultural Research Institute. “Soyabeans were fi rst 
introduced into Tanzania in 1907, and an initial testing 
programme commenced in 1909. In 1971 the Tanzanian 
Government and UNICEF launched a project in the 
Morogoro region to promote soyabean production and 
consumption in villages with particular regard to use of 
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soyabeans in baby weaning food. Diffi culties with processing 
the soyabeans retarded the progress of the project which was 
redefi ned in 1973/74. In order to promote increased soyabean 
production, other uses of soyabeans were considered:
 “1. domestic edible oil production
 “2. cake meal for stockfeeds
 “3. soyfl our in commercial baby weaning foods
 “4. use of soyfl our in the village and
 “5. export of surplus soyabeans
 “Whereas soyabean development in Tanzania faces 
some problems which include processing, seed storage 
in villages, and availability of seed, the prospects for 
increased production are good. The General Agricultural 
Export Company of Tanzania buys the crop directly from 
farmers at competitive prices. An oil processing plant has 
been commissioned at Morogoro with a capacity to process 
30,000 tonnes of raw material. Health offi cers from several 
areas in Tanzania have indicated a great demand for soyfl our 
by mothers.
 “Utilization, by G.C. Mrema, Extension and Technical 
Division, Ministry of Agriculture, P.O. Box 9071, Dar-
es-Salaam. In Tanzania great emphasis has been given to 
increasing production of plant protein as this is considered 
more effi cient than obtaining protein requirements through 
secondary animal sources.
 “Soyabeans are processed and used in various ways in 
Tanzania. In order to reduce cooking time, raw Magadi Soda, 
a sodium sesquicarbonate salt (NaHCO3. Na2CO3. H20), 
found abundantly in Northern Tanzania, is dissolved at 4g 
per litre cooking water in which the soyabeans are cooked 
for about 2 h. This process loosens and removes the seed 
coat thus facilitating the cooking of the beans. The cooked 
beans can then either be prepared for direct consumption or 
sundried and milled into soyfl our which is incorporated into 
infant’s cereal porridge. Alternatively, the beans are soaked 
in water overnight and processed as described.
 “In a different process, the beans are germinated and 
when the sprouts are 50 to 150 mm long, they’re cooked, 
sundried, and then ground and used to prepare baby foods.
 “Soyabeans are, also roasted to a dark brown colour and 
consumed directly or ground to a powder which is mixed 
with sugar to make soyabean coffee.”
 (6) Zambia, by David Wynne, “Village Utilization 
and Production of Soyabeans in the M’Kushi District of 
Zambia”. AFTC P.O. Box 840003, M’kushi. “When the 
soyabean project began in M’kushi in 1982, there had been 
very little work on the promotion of soyabeans in the area. 
There were only three small scale farmers growing the crop 
and no one was utilizing it locally. It was regarded solely as a 
commercial crop.
 “The lack of an effective extension system and the 
absence of a support system combined to keep soyabeans as 
a very minor crop in the area. On the other hand, a defi ciency 
in protein foods made people more receptive to soyabeans. 

Low yields of maize and the high cost of fertilizer needed 
to produce it as well as the need for other cash crops were 
also factors conducive to the promotion of soyabeans in the 
district.
 “It was decided at the outset that a dual approach 
combining production and utilization would be adopted 
to promote soyabeans in the district. The dissemination 
of information on soyabeans through this dual system of 
extension was aimed at three target groups: the district 
extension staff, the small scale farmer, and the general 
population.
 “Agricultural extension in the district is conducted 
through a system of Training and Visiting (T and V). The 
local agricultural extension workers organize their respective 
areas into T and V centres which they visit on a regular 
basis. Following attendance at a training course on soyabean 
production and utilization, extension workers invited the 
soyabeans project to conduct similar training sessions at their 
T and V centres. At the beginning there were 10 such centres, 
now there are 33 which are visited monthly.
 “The soyabean utilization and production course runs for 
about an hour and consists of a lecture enlivened with stories 
and fi lmstrips, a demonstration and discussion. Initially, the 
project supplies all the inputs, but at subsequent meetings, 
participants are encouraged to contribute such inputs as 
fuel wood, water, pots, and vegetables. This has enabled 
the T and V centres to operate independently...” Address: 
International Inst. of Tropical Agriculture, Ibadan, Nigeria.

2510. Delves, Angela C.; Higgins, A.V.; Gresshoff, P.M. 
1987. Shoot control of supernodulation in a number of 
mutant soybeans, Glycine max L. Merr. Australian J. of 
Plant Physiology 14(6):689-94. [21 ref]
• Summary: “Seven supernodulation mutants of soybean... 
derived from the cultivar Bragg were investigated for shoot 
control of the supernodulation response. Reciprocal grafts 
showed that supernodulation in all lines tested was obtained 
only if the genotype of the shoot was homozygous for the 
mutant allele(s).” Address: Dep. of Botany, Australian 
National Univ., G.P.O. Box 4, Canberra, A.C.T. 2601, 
Australia.

2511. Elkan, Gerald H. ed. 1987. Symbiotic nitrogen fi xation 
technology. New York and Basel: Marcel Dekker, Inc. ix + 
440 p. Illust. 1 map. 24 cm. Series: Books in Soils and the 
Environment.
Address: Dep. of Microbiology, North Carolina State Univ., 
Raleigh, NC.

2512. Grant, Jean; Ryder, Mary; Davis, P. 1987. Rhizobium: 
Rhizobium inoculant production and storage. In: Desiree 
L. Cole, ed. 1987. Proceedings of the Workshop for the 
Southern Africa Region on Basics of Soybean Cultivation 
and Utilization, 24 February–7 March 1986, University of 
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Zimbabwe. Harare, Zimbabwe: University of Zimbabwe. 
199 p. See p. 63-66. 20 cm.
• Summary: “Summary: The inoculant factory based at 
Grasslands Research Station, Marondera, produces between 
60,000 and 80,000 units of various strains of Rhizobium 
inoculant annually which is sold to legume growers. 
Inoculant is produced on bagasillo, a by product of sugar 
refi ning, in polythene bags under sterile conditions after 
which it is stored at 4ºC. Viability of all stored inoculant is 
tested at 6 monthly intervals.”
 “The inoculant factory at Grassland Research Station 
was fi rst opened in 1962 to provide Rhizobium inoculants to 
farmers. Inoculant was produced on an agar-based medium 
in glass bottles. Increasing costs of bottles, chemical 
ingredients and agar led to the development of solid-
based inoculants. Local peaty soil and rotted maize cobs 
were tested but found to be unsatisfactory and not readily 
available. Since 1981, inoculant has been produced using 
‘bagasillo’, a fi ne bagasse dust and by-product of the sugar 
industry, packed in sterilizable polythene bags.”
 About 90% of the inoculant is used to treat soyabean 
with small amounts for groundnuts, tropical pasture legumes, 
peas, common beans (Phaseolus spp.), lucerne and clovers. 
Address: Grasslands Research Station, Private Bag 3701, 
Marondera, Zimbabwe.

2513. Gubels, Peter A.; Iddi, Alice. 1987. Case study: 
Women farmers. Cultivation and utilization of soybeans 
among West African women through family health animation 
efforts. World Neighbors, 5116 North Portland Ave., 
Oklahoma City, OK 73112-2098. 18 p.
• Summary: Since 1979 World Neighbors has been working 
with FHAS (Family Health Advisory Services), a Togolese 
non-governmental organization, to introduce soybeans to 
women in Togo, Mali, and Ghana. The program started in 
about 1983 and by 1986 hundreds of women were growing 
and using soybeans with excellent results. FHAS is run by 
two dynamic West African women, whose roots are in the 
village: Ayele Foly (Togolese) and since 1986, Alice Iddi, 
a Ghanaian. The programs are aimed at helping women to 
signifi cantly decrease malnutrition among their children, 
generate income for family use, and participate more fully 
in family decision making concerning land allocation. 
Typically 50-60% of the children in villages studied were 
malnourished. Protein intake has dropped dramatically in the 
last 10 years.
 The main interest of African governments has been 
in promoting soybeans not for home consumption but as 
a commercial cash crop. Other constraints are poor seed 
viability, need for rhizobial inoculants, and lack of a market. 
Soybeans are now widely used in place of dawa-dawa seeds, 
which are increasingly scarce, to make a mashed mustard-
like seasoning (soumbala). The women also learn to make 
soy fl our and porridge. Rabbits are the most serious pest.

 In the Savana region of northern Togo by 1984 at least 
326 women in 38 villages had been trained to grow and 
use soybeans. The results in each village demonstrated that 
soybeans produced at least double or even triple the yield of 
local bean varieties, in half the time. In the Bassar district of 
Central Togo 139 women in 15 villages were growing and 
using soybeans by 1986. Mothers of malnourished children 
were trained to prepare enriched porridge. The use of color-
coded plastic armbands has been a key tool in showing 
mothers the progress made by their malnourished children. 
In Jan. 1987, in the Sanando district of Mali, Alice Iddi 
organized a 5-day village based training course on soybean 
utilization. The research station in Cinzana is now having 
good results growing local soybean varieties. And in northern 
Ghana trial plots have been started. Address: Oklahoma City, 
Oklahoma. Phone: 405-946-3333.

2514. Hymowitz, Theodore. 1987. Increasing yields and food 
and nutritional quality through breeding: Grain legumes. 
In: Jacqueline Dupont and Elizabeth M. Osman, eds. 1987. 
Cereals and Legumes in the Food Supply. Ames, Iowa: Iowa 
State University Press. xxii + 360 p. See p. 15-24.
• Summary: “With approximately 650 genera and 18,000 
species, the Leguminosae is the third largest family of 
fl owering plants, after the Compositae and Orchidaceae, and 
second only to the Gramineae in economic importance... Of 
the thousands of known legume species only about 12 are 
used extensively as grain legumes. The grain legumes are 
those plants of the Leguminosae used as food in the form of 
unripe pods, immature seeds, or mature dry seeds, directly or 
indirectly...
 “Worldwide grain legume production is small (ca. 10%) 
relative to that of cereals; however, the role of grain legumes 
in human nutrition is more important than their relative 
acreage. Of the 22 major crops in the world, the cereal grains 
wheat, maize, rice, barley, sorghum, oats, millets and rye are 
number 1, 2, 3, 5, 10, 13, 19, and 21, respectively, in total 
production. Soybeans and peanuts are number 8 and 22 on 
the production list. However, for total protein production, 
soybeans, peanuts, common beans and peas are number 3, 
10, 13 and 15 among the major crops of the world...
 “The major complaint about the grain legumes is their 
relatively low yield per unit area when compared to the 
cereals. The low yields refl ect the evolutionary background 
of the Leguminosae. There are three biochemical processes 
that take place in all grain legumes which operate against 
high grain yields. These processes are photorespiration, 
nitrogen fi xation and photosynthetic energy relationships. 
Photorespiration occurs in the light and consumes about 30% 
of the products of photosynthesis...
 “The adage that there is no free lunch is quite apt when 
applied to the nitrogen fi xation process... The legume-
inhabiting bacteria form nodules on the roots which 
convert atmospheric nitrogen into a form that the plant 
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can assimilate for its use. The plant in turn furnishes the 
necessary carbohydrate or energy to the bacterial organism. 
This diversion of carbohydrates by the plant for use by the 
bacterial organism reduces potential grain production by 
about 10%.
 “The maize plant produces a seed which is mostly 
starch. It takes about 1.2 kg of glucose to produce 1 kg of 
carbohydrate which has about 4.0 million calories of stored 
energy. The soybean plant produces a seed which on the 
average contains about 40% protein and 20% oil. It takes 
about 2.2 kg of glucose to produce 1 kg of protein which 
has about 4.8 million calories of stored energy and 2.8 kg 
of glucose to produce 1 kg of oil which has 9.5 million 
calories of stored energy. Therefore, a major reason why 
soybean yields are lower than maize is because of the energy 
intensive process of producing a high protein and oil grain.” 
Address: Univ. of Illinois Urbana.

2515. Javaheri, F.; Joshi, J.M. 1987. Soybean production 
by small scale farmers in Zambia. In: Desiree L. Cole, ed. 
1987. Proceedings of the Workshop for the Southern Africa 
Region on Basics of Soybean Cultivation and Utilization, 24 
February–7 March 1986, University of Zimbabwe. Harare, 
Zimbabwe: University of Zimbabwe. 199 p. See p. 9-12. 20 
cm. [9 ref]
• Summary: “An increased demand for soyabeans and its 
by-products in Zambia has led to the expansion of soyabean 
production among small scale farmers. The application 
of Rhizobium inoculum to soyabean seed at planting was 
considered as the most important constraint among small 
scale producers. A cultivar testing programme to identify 
naturally nodulating soyabeans has led to the release of two 
such cultivars, Magoye and Hernon 147, with a potential of 
producing 2000 kg per ha. A production package including 
hill planting, use of magnesium lime and simplifi ed units 
of measurements based on an area equal to a quarter of a 
hectare has been developed and used by extension workers.” 
Address: Mount Makulu Research Station, Private Bag 7, 
Chilanga, Zambia.

2516. Javaheri, F. 1987. Naturally inoculating cultivars 
of soyabean in Zambia. In: Desiree L. Cole, ed. 1987. 
Proceedings of the Workshop for the Southern Africa 
Region on Basics of Soybean Cultivation and Utilization, 24 
February–7 March 1986, University of Zimbabwe. Harare, 
Zimbabwe: University of Zimbabwe. 199 p. See p. 67-70. 20 
cm. [13 ref]
• Summary: “Summary: Naturally nodulating or 
promiscuous soyabean cultivars are desirable where access 
to and cold storage for inoculant are diffi cult. As a result of 
trials in Zambia, Hernon 147 was identifi ed as a promiscuous 
cultivar. Promiscuity in other cultivars was traced to the 
parent Gilbert and a cross of Gilbert with K53 resulted in 
a commercially promiscuous line, Magoye being released. 

Trials with and without the addition of N are being done and 
population build up of Rhizobium on the new selections is 
being monitored.
 “Introduction: Soyabeans that nodulate effectively 
with indigenous soil rhizobia have been designated as 
‘promiscuous’ and the trait as ‘promiscuity’, (Kueneman et 
al, 1984). In Zambia these are called naturally nodulating 
varieties (NNV) and the trait described as natural nodulation 
(NN).
 “Why NNV? The use of inoculum (as a substitute for 
nitrogen fertilizer) in soyabean production, while a simple 
and effective technology, is inaccessible to the small scale 
growers for various reasons.
 “1. With very few exceptions, developing countries not 
only lack facilities to produce quality inoculum, but also do 
not have adequate distribution systems to ensure that viable 
inoculum reaches small scale farmers.
 “2. Small scale farmers do not have the appropriate 
storage facility for the inoculum.
 “3. Shortcomings in extension services prevent the 
education of farmers in the correct use of inoculum.
 “4. Promotion of soyabeans production in various 
environments will necessitate selection of correct Rhizobium 
which will require considerable efforts and resources which 
are often beyond the reach of developing countries. Naturally 
nodulating (promiscuous) cultivars, present one possible 
solution that can resolve these constraints.
 “Research: The phenomenon of promiscuity in 
soyabeans has only been observed recently (Javaheri 1978; 
Pulver 1979; Javaheri and Nyamba 1982; Pulver et al 1982 
and Corby 1967), reported effective nodulation occurring 
naturally at Mount Makulu, Zambia where Hernon 147 
did not respond to inoculation nor to nitrogen application 
(120 kg per ha) while the same cultivar responded to both 
treatments in Sabi Valley, Rhodesia (Corby, 1967).
 “Chowdhury (1975) observed that some cultivars of 
soyabean did not respond to nitrogen fertilizer application. 
This phenomenon was subsequently adduced as evidence for 
promiscuity (Kueneman et al, 1984). Promiscuity has been 
shown to be a heritable trait (Pulver et al, 1985).
 “Zambia was perhaps the fi rst country to initiate 
research on the development of promiscuous soyabean 
cultivars. A selection programme was started in 1976. During 
1977/78, one commercially grown cultivar, Hernon 147, was 
observed to have nodulated profusely and effectively when 
grown in virgin land without seed inoculation (Javaheri, 
1978). As the search continued, a breeding line (71-38) ex 
Queensland, Australia was found in 1978/79 with the same 
characteristic as H. 147 (Javaheri and Nyamba, 1982). This 
line was released under the name “Magoye” in April 1981 
as the second commercial promiscuous soyabean cultivar 
in Zambia. In 1979/80, four hundred cultivars were planted 
in virgin land without seed inoculation at three sites with 
different environments to observe their naturally nodulating 
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ability. (Joshi, Javaheri and Nkumbula, 1982).” Address: 
Mount Makulu Research Station, Private Bag 7, Chilanga, 
Zambia.

2517. Javaheri, F. 1987. Rhizobium status in Zambia. In: 
Desiree L. Cole, ed. 1987. Proceedings of the Workshop for 
the Southern Africa Region on Basics of Soybean Cultivation 
and Utilization, 24 February–7 March 1986, University of 
Zimbabwe. Harare, Zimbabwe: University of Zimbabwe. 
199 p. See p. 80-81. 20 cm. [9 ref]
• Summary: “Summary: Rhizobium production in Zambia 
has improved in recent years and as a result soyabeans are 
being grown by commercial farmers. The identifi cation 
of promiscuous cultivars, ideal for small scale farmers, is 
continuing.
 Introduction: The microbiology section of Mt Makulu 
Central Research Station in Chilanga has been selecting for 
effi cient strains of Rhizobium, developing more effi cient 
methods of inoculum production and investigating the 
survival ability of the rhizobia and factors affecting it, 
chemicals, soil acidity etc. It has also evaluated the effi ciency 
of these strains to fi x nitrogen. The quality of the research 
work suffered from lack of adequate trained personnel, 
equipment, laboratory space and supporting funds.
 “A production scheme was initiated in 1974 at Mt. 
Makulu to satisfy the national demand. Again quality and 
quantity suffered in the same way as research. Inoculum 
had to be imported from Zimbabwe with great diffi culties 
being encountered in securing suffi cient foreign exchange 
while the performance of the locally produced inoculum was 
always questioned because neither adequate storage facilities 
nor quality control measures were available.
 “In August 1982 USAID assistance was received 
through the NIFTAL [NifTAL] Project, University of 
Hawaii, to improve the microbiology services. Two national 
staff were sent for Post Graduate studies and a senior 
microbiologist was appointed.
 “Funds for renovation of the old buildings, construction 
of new laboratories, equipment for research and production 
of inoculum were also provided which improved the 
situation tremendously. Inoculum production during 1983 
and 1984 was of high quality. When more equipment arrives 
in 1986, inoculum production will increase signifi cantly.
 “In the past, inoculum was marketed through 
the government offi ces at Mt. Makulu which had its 
shortcomings and complications. As from 1985, the 
inoculum produced at Mount Makulu is being marketed 
through Zambia Seed Company and farmers are expected to 
collect their requirements from Lusaka and provide their own 
cold-storage facilities for inoculum in transit.”
 Table 1 shows that the amount of inoculated soyabeans 
produced in Zambia increased from 826 ha in 1974 to 17,000 
ha in 1985. Address: Mount Makulu Research Station, 
Private Bag 7, Chilanga, Zambia.

2518. Khokan, K.I.; Horlings, George. 1987. Soybean 
production and utilization in Bangladesh. Dhaka [Dacca], 
Bangladesh: Mennonite Central Committee. 55 p. No index. 
28 cm. [36 ref]
• Summary: Contents: Part I: Production. Introduction: 
History, Soybeans in Bangladesh. Soybean plant parts and 
growth. Climatic requirements. Selecting land and soil types. 
Cropping pattern: Rabi season, kharif season. Cultivation 
procedures: Varieties (Bragg, Pb-1), planting date, land 
preparation, fertilizer, inoculant preparation, planting 
method, weed control, irrigation, harvesting, threshing and 
drying, storage for food purposes. Diseases. Insects. Seed 
production. Seed storage. Seed testing.
 Part II: Utilization. Nutritional quality: Protein, oil, 
undesirable factors, rules for soyfood preparation. Oil 
expelling. Traditional foods from soybeans. Appendix I: 
Recipes with soybeans (Soyfl our, roasted soybeans, soy satu 
{with rice and sugar}, soya khichuri {with rice, vegetables, 
and spices}, soya sweet pumpkin curry, soya potato curry, 
soya shak {any green leafy vegetable}, soya chatni, soya 
dhal, soya tok {sour} dhal, peaju, soya patora, soya halua, 
soya bapa pita, soya milk, soya yogurt). Appendix II: 
Soybean troubleshooting. Planting to emergence. Emergence 
to fl owering. Flowering to maturity.
 “Soybeans were fi rst introduced into Bangladesh 
in 1942. In 1960 three varieties were selected for kharif 
season production. These varieties were later found to be 
susceptible to yellow mosaic virus In 1972-73 MCC began 
research and extension work on soybeans, primarily as a rabi 
season crop. In 1975 the Bangladesh Coordinated Soybean 
Research Project (BCSRP) began research on soybeans. 
This project involved the Bangladesh Agriculture Research 
Institute (BARI), Bangladesh Agricultural University (BAU), 
Bangladesh Council of Scientifi c and Industrial Research 
(BCSIR), several other governmental institutions, Shilpee 
Food Products and the Mennonite Central Committee 
(MCC). In 1981 the BCSRP was discontinued. The two main 
problems were felt to be: diffi culty in producing high quality 
seed and the lack of oil extracting equipment. Much research 
has been done throughout Bangladesh which resulted in the 
release of Bragg and Davis varieties for extension.” Address: 
Mennonite Central Committee, Dhaka, Bangladesh.

2519. Kuykendall, L. David. 1987. Isolation and 
identifi cation of genetically marked strains of nitrogen-fi xing 
microsymbionts of soybeans. In: Gerald H. Elkan, ed., 1987. 
Symbiotic Nitrogen Fixation Technology. New York and 
Basel: Marcel Dekker, Inc. ix + 440 p. Illust. 1 map. 24 cm. 
Series: Books in Soils and the Environment. [24 ref]
• Summary: Contents: Introduction. Cultural purity. 
Antibiotic resistant mutants: isolation of the mutants, 
identifi cation of the mutants. Auxotrophic mutants. 
Conclusions. Appendix.
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 “Introduction: The purpose of this chapter is to provide 
some detailed descriptions of microbiological concepts and 
methods that are useful for the isolation and identifi cation 
of genetically marked strains of bacteria that are nitrogen-
fi xing microsymbionts of legume plants. Vincent 
(1982) has eloquently stated the need for an adequate 
microbiological basis for research in nitrogen fi xation in 
legumes as follows: ‘There is however a real risk when the 
enthusiastic nonmicrobiologist moves in to investigate a 
system in which a bacterium, which may be more diffi cult 
to categorize and control, plays its own major role in an 
intimate association with the more tractable host. Whether 
he be plant physiologist, biochemist, geneticist, or even a 
microbiologist unfamiliar with Rhizobium, a worker coming 
into this fi eld cannot afford to take this microorganism too 
lightly. One of two courses is open to him. Either he takes 
the trouble to familiarize himself suffi ciently with the nature 
of the microorganism he is dealing with, and the techniques 
needed for its purifi cation and maintenance, or he works 
cooperatively with someone who has this knowledge and 
technical capacity.’ Following Vincent’s advice may not be 
easy, but it is important.”
 Conclusion: “Starting pure cultures is important. 
The isolation of antibiotic resistant mutants is direct, 
straightforward, and simple. Chemical mutagenesis and 
replica plating are needed to obtain auxotrophic mutants, 
which are useful in studies of the biochemistry and genetics 
of symbiosis.” Address: Agricultural Research Service, 
USDA, Beltsville, Maryland.

2520. Mupawose, R.M. 1987. Opening address: In: Desiree 
L. Cole, ed. 1987. Proceedings of the Workshop for the 
Southern Africa Region on Basics of Soybean Cultivation 
and Utilization, 24 February–7 March 1986, University of 
Zimbabwe. Harare, Zimbabwe: University of Zimbabwe. 
199 p. See p. 2-5. 20 cm.
• Summary: “It is very pleasing to note that this workshop 
on soyabean cultivation and utilisation in the Southern 
African Region is being held at a most opportune time when 
memories of the recent food crisis in Africa are still fresh in 
our minds.
 “Food security has become a major concern of all our 
governments in the Southern African region, particularly 
in view of the fact that while food production has been 
declining, population in the region is expected to rise from 
the current 68 million to about 108 million by the year 2000. 
To make matters worse one third of this population will be in 
urban areas, implying an increasing demand for high quality 
processed foods. Further, there is a large population of young 
unemployed youths who, due to progressive education 
policies, have achieved some education. There is not an 
accompanied development in the job creation sectors.
 “Your workshop, in focusing on soyabeans, a high 
protein legume crop with tremendous scope for development 

in Africa, is certainly in the right direction. Protein is a vital 
component of human nourishment. Traditionally protein is 
supplied through products of animal origin which include 
beef, pork, poultry, eggs, fi sh and milk products. Quite 
frankly these types of foods are very expensive to produce 
and are frequently beyond the reach of most low income 
families in developing countries. Soyabeans, being one of the 
richest sources of vegetable protein, has proved to be a most 
appropriate and relatively cheap alternative source of protein. 
Its protein content exceeds 40 per cent compared with 4 per 
cent for milk, 17 per cent for meat and 12 per cent for eggs.
 “A major attribute of soyabean is the versatile and 
multifarious nature of its potential and alternative uses, 
which, apart from the production of edible oil and cake for 
animal feed, include meal for direct human consumption, 
soyamilk, weaning foods for children, fl avoured drinks, 
biscuits, soup dishes and several high protein health foods. 
Such foods would greatly assist in meeting the needs of our 
growing urban population and for institutional markets such 
as schools, hospitals, armed forces, and other general feeding 
programmes.
 “Maize meal is the major food in the region. I often 
wonder why we have not vigorously examined fortifying 
mealie meal with soya fl our, thus improving the quality of 
this major food. In this way we would improve the general 
health of poor sectors of the population. In addition it is 
possible to incorporate 5-10 per cent of soyafl our into bread 
production, thereby enhancing the nutritional quality and 
shelf life of the loaf. This would assist in meeting the rapidly 
growing demand for bread, and save on foreign currency for 
wheat imports.
 “The pig and poultry industries are likely to grow very 
rapidly in many African countries, but the present limiting 
constraint is lack of protein concentrates, which in future 
can be supplied from soyabeans. Soyabean oil can also, be 
used in the manufacture of paint, making soyabeans a useful 
industrial crop. At present there exists an unsatisfi ed demand 
for edible oils, fats and meal supplements for livestock feed 
in many African countries, despite the important role being 
played by soyabeans in modern agriculture.
 “Zimbabwe is the leading producer of soyabeans in the 
Southern African Region, with an average annual production 
of 80,000 tonnes, over the past fi ve years. About 98 per 
cent of the crop comes from large scale farming enterprises, 
where an average of 40,000 hectares are planted each year, 
at yields ranging between 2 and 2.6 tonnes a hectare. The 
potential of this crop in the small sector is limited by the 
poorer performance of current cultivars on sandy soils.
 “The bulk of the crop is sold to expressors for oil and 
cake manufacture. Soyabeans at present supply about 16,000 
tonnes of oil or 40 per cent of Zimbabwe’s vegetable oil 
requirements, and more than 50 per cent of the oil cake used 
by stockfeeders. At current market prices, the total value 
of oil and cake to be produced from the 85,000 tonnes of 
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soyabeans delivered in the 1985/1986 marketing year exceed 
$50 million. Producers will have received more than $27 
million from soyabeans production in the same period.
 “Our major task now is to promote soyabean production 
by small farmers. A lot of research work is being done in 
Zimbabwe to develop more suitable cultivars for small scale 
farming systems. To increase the quantity and quality of 
soyabean production in our region however involves more 
than just developing new cultivars and introducing new 
agronomic practices. It requires the introduction of viable 
crop management packages capable of maximising economic 
returns within the ecological environments of small farmers 
who at present face numerous other constraints. The 
potential of this crop in the small sector is constrained by the 
poorer performance of current cultivars on the light sandy 
soils more suitable for groundnuts. There is a need to step 
up breeding and come up with suitable cultivars in these 
environments.
 “Research results produced elsewhere have shown that 
some opportunity exists for developing soyabean cultivars 
which are capable of nodulating with indigenous rhizobial 
inoculants. This would be particularly relevant with respect 
to soyabean production by small scale farmers, whose access 
to commercial inoculants may be limited. Such cultivars 
also seem to have greater yield stability. A further agronomic 
attribute of soyabeans is that they have few pest and weed 
problems, which suits our sub-tropical climatic conditions.
 “Soyabeans can be grown in nearly all environments 
where maize is grown thus making soyabeans a logical 
rotation crop. In addition, the early harvesting characteristics 
of soyabeans permit the crop to be effi ciently followed by 
irrigated wheat, where the necessary facilities exist. The 
incorporation of a legume in a production programme is an 
essential ingredient for sustained good agriculture.
 “It will thus be imperative for us to engender maximum 
collaboration on a regional basis in order to come up with 
suitable cultivars which will enhance the production of 
soyabeans by small farmers in particular. Co-operation 
between our countries should also be extended to include 
industrial processing activities where signifi cant economies 
of scale can be achieved, as well as advantages of market 
penetration within the region. Our Governments have given 
priority to regional co-operation as a means of advancing 
national efforts for increasing food production and it is up to 
us as technicians to see to it that this common goal is taken 
to its logical conclusion.
 “In your deliberations you must also assess the potential 
expansion of soyabean production and utilisation in the 
context of our global objectives for agricultural policy. 
The main objective in food production is of course to 
achieve regional self suffi ciency in each of the basic foods 
which include grains, oilseed, beef and dairy production, 
without seriously upsetting balanced production in each 
line. Balanced production of different commodities is 

more important than huge surpluses of one commodity 
at the expense of all others. This does not lead to a good 
agricultural production strategy. The important role of 
soyabeans, due to their versatile use and growing demand 
for their derivatives, does however, say a lot in favour of 
increased production of that crop. It is not my intention, 
though, to pre-empt or infl uence the conclusion of your 
workshop at this stage, but rather to give you an assurance 
that my Ministry, and indeed the SADCC [Southern Africa 
Development Co-ordination Conference] Food Security 
Secretariat, are going to take your recommendations at the 
end of the workshop very seriously. You must work with this 
goal in mind.
 “Finally I want to sincerely thank the International 
Soyabean Programme INTSOY and the University of 
Zimbabwe for hosting this workshop, and all the delegates 
who have come.
 “It now gives me great pleasure to declare the workshop 
offi cially open. I hope you will share ideas freely. Those 
from outside Zimbabwe, I hope you shall enjoy your stay.” 
Address: PhD, The Permanent Secretary of the Ministry of 
Lands, Agriculture and Rural Resettlement.

2521. Ohyama, Takuji; Kumazawa, K. 1987. Characteristics 
of nitrate respiration of isolated soybean bacteroids. Soil 
Science and Plant Nutrition (Tokyo) 33(1):69-78. [17 ref]
• Summary: “Soybean bacteroids were isolated from 
nodules by sucrose density gradient centrifugation, and 
some characteristics of the bacteroid respiration associated 
with nitrate reduction were investigated. Under anaerobic 
conditions, CO2 evolution from the bacteroid suspension 
was very low. However, when 1 mM NO2- was added, the 
CO2 evolution increased by ca. 18 times.” Address: 1. Dep. 
of Agricultural Chemistry. Niigata Univ., Niigata. 950-21 
Japan.

2522. Pandey, R.K. 1987. A farmer’s primer on growing 
soybean on riceland. Los Baños, Philippines: International 
Rice Research Inst. 216 p. Illust. by John Figarola. No index. 
23 cm.
• Summary: This is an excellent, practical book, “intended 
specifi cally for farmers in the tropics whose productivity 
and income could be signifi cantly increased by raising 
soybean.” Almost every page contains one or more clear, 
lovely illustrations (line drawings). Contents: Part 1: The 
soybean crop. 1. The soybean crop. 2. The seed. 3. Seedling 
growth. 4. Growth stages–vegetative phase. 5. Growth 
stages–fl owering. 6. Growth stages–pod development. 
7. The roots. 8. Root nodules and nitrogen fi xing. Part 2: 
Growing soybean. 9. Environment. 10. Water. 11. Choosing 
the right variety. 12. Tillage and planting. 13. Fertilizer and 
lime. 14. Growing conditions and dry matter production. 15. 
Harvesting and storing soybean. Part 3: Increasing yields and 
profi ts. 16. Yield components. 17. Production factors. 18. 
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Yield reducers–weeds. 19. Yield reducers–insect pests. 20. 
Yield reducers–diseases. Part 4: Soybean in other cropping 
systems. 21. Sequence cropping. 22. Intercropping. 23. Strip-
cropping. Address: International Rice Research Inst., Los 
Baños, Philippines.

2523. Ryder, Mary. 1987. The Grasslands Rhizobium 
collection. In: Desiree L. Cole, ed. 1987. Proceedings of 
the Workshop for the Southern Africa Region on Basics 
of Soybean Cultivation and Utilization, 24 February–7 
March 1986, University of Zimbabwe. Harare, Zimbabwe: 
University of Zimbabwe. 199 p. See p. 71-79. 20 cm.
• Summary: “Summary: The Grasslands Rhizobium 
collection is one of the ten largest in the world and is 
included in the world catalogue of Rhizobium collections 
and in the World Directory of Collections of Cultures of 
Microorganisms as collection no. 34.
 “Regular subculturing is done at twice-yearly intervals 
on all the collections maintained at various sites and 
temperatures under-ground in a fi reproof box to ensure the 
collection remains intact.
 “Introduction: The Grasslands Rhizobium collection was 
started in 1958 by Mr. (now Dr) H.D.L. Corby, who at the 
time was Head of Grasslands Research Station at Marondera, 
74 km east of Harare. In that year Mr. Corby began to collect 
nodules from indigenous legumes and to isolate strains of 
Rhizobium from them. He also collected soils in which wild 
leguminous plants were growing, grew legumes in them in 
the greenhouse and isolated rhizobia from nodules produced 
by these plants.
 “The collection was built up from these locally isolated 
strains as well as imported ones, until in 1968 it contained 
709 strains from 360 species of legume. Removal of 
ineffective isolates and duplicates and the dying out of some 
strains has now reduced the number of strains to 543 from 
230 legumes. Forty-three per cent of these are from local 
isolates and the rest from imported strains. The Grasslands 
Collection ranks among the ten largest Rhizobium 
collections in the world and is included in the World 
Directory of Collections of Cultures of Microorganisms, as 
Collection No. 34.” Address: Grasslands Research Station, 
Private Bag 3701, Marondera, Zimbabwe.

2524. Singleton, Paul; Sainsbury, Diana. 1987. Dictionary 
of microbiology and molecular biology. 2nd ed. Chichester, 
New York, Brisbane, Toronto & Singapore: John Wiley & 
Sons, Ltd. xii + 1019 p. Illust. 25 cm. A Wiley-Interscience 
Publication.
• Summary: Contains entries for: fermentation, fermented 
foods, fermenter (fermentor), miso, natto, nitrogen fi xation 
(dinitrogen fi xation), ogi, oncom, shoyu (see Soy sauce), soy 
paste (see Miso), soy sauce (shoyu), sufu, tempeh, tofu (an 
intermediate in Sufu production). Address: Clyst St Mary, 
Devon [England].

2525. Stirton, C.A.; Zarucchi, J.L. ed. 1987. Advances in 
legume biology. St. Louis, Missouri: Missouri Botanical 
Garden. xi + 842 p. Illust. 26 cm. Series: Monographs in 
systematic botany from the Missouri Botanical Garden ; 
v. 29. Proceedings of the Second International Legume 
Conference, St. Louis, Missouri, 23-27 June 1986, held 
under the auspices of the Missouri Botanical Garden and the 
Royal Botanical Gardens, Kew.
• Summary: This book contains one chapter on soybeans and 
nitrogen fi xation (p. 545-57) which is cited separately.
 Soy is mentioned in passing on the following pages: 
168-69, 444, 573, 632, 664, 684, and 719.
 Note: The entire series, “Advances in Legume 
Systematics,” is 8 vols., published from 1981 to 1996 at 
Kew, Surrey, by Royal Botanic Gardens. Address: 1. The 
Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey 
TW9 3AE, England; 2. Missouri Botanical Garden, P.O. Box 
299, St. Louis, Missouri 63166.

2526. Tattersfi eld, J.B. 1987. Breeding: The improvement 
of soyabean cultivars. In: Desiree L. Cole, ed. 1987. 
Proceedings of the Workshop for the Southern Africa 
Region on Basics of Soybean Cultivation and Utilization, 24 
February–7 March 1986, University of Zimbabwe. Harare, 
Zimbabwe: University of Zimbabwe. 199 p. See p. 23-44. 20 
cm. [56 ref]
• Summary: “Summary: It is possible to make considerable 
improvements in soyabean cultivars with a limited input 
as has been achieved in Zimbabwe where new local 
cultivars have increased yield potential by 69%. There are 
several steps in the breeding process. The fi rst described is 
improvement by germplasm introduction. Factors to select 
for are adaptability, seed yield, resistance to lodging, growth 
habit, pod shattering, pod clearance, stem dehydration, 
seed quality and chemical composition, resistance to pests, 
diseases and nematodes and nodulation.
 “Breeding methods include cross pollination, selection 
procedures and performance testing in a series of trials. 
Special procedures are also discussed.”
 Table 1: Hernon 147 was released in about 1940. Other 
improved varieties are Rhosa, Oribi, Duiker, and Roan. 
Address: Rattray Arnold Research Station, Seed Co-op 
Company of Zimbabwe Ltd., P.O. Box CH 142 Chisipite, 
Harare, Zimbabwe.

2527. Verma, Deshi Pal S.; Stanley, John. 1987. The legume-
Rhizobium equation: a coevolution of two genomes. In: C.A. 
Stirton & J.L. Zarucchi, eds. 1987. Advances in Legume 
Biology. Louis, Missouri: Missouri Botanical Garden. xi 
+ 842 p. See p. 545-57. Illust. 26 cm. Series: Monographs 
in systematic botany from the Missouri Botanical Garden 
; v. 29. Proceedings of the Second International Legume 
Conference, St. Louis, Missouri, 23-27 June 1986, held 
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under the auspices of the Missouri Botanical Garden and the 
Royal Botanical Gardens, Kew. [70 ref]
• Summary: “Legume plants evolved as a result of symbiosis 
with Rhizobium, allowing them to grow in nitrogen-defi cient 
soil and produce protein-rich seeds. Some present-day 
legumes that do not exhibit active association with nitrogen-
fi xing bacteria appear to have lost this ability due to change 
in habitat (i.e., growth in nitrogen-rich soil). The early 
interaction between the bacteria and plant may have been 
pathogenic or saprophytic, followed by development of 
host-specifi city. A variety of microorganisms classifi ed 
as ‘Rhizobium’ harbor nitrogen-fi xation genes and have 
coevolved with the host plant to optimize symbiotic 
interactions. The host plant recruited some of the existing 
genes into specialized functions of the root nodule to form 
a new subcellular compartment housing the bacteria and to 
support the symbiotic state. Thus a nitrogen-fi xing symbiotic 
bacteria acts like an ‘organelle’ inside the infected cell of 
the root nodule and is entirely dependent on the host. The 
host plant provides all the necessary energy and develops a 
suitable environment for the inhabiting bacteria to commence 
fi xing nitrogen. The bacteria has evolved to make use of the 
existing carbon and nitrogen assimilatory pathways in their 
respective hosts. Thus coevolution in plant and bacteria has 
given rise to present-day legumes.” Address: Centre for Plant 
Molecular Biology, Biology Department, McGill University, 
1205 Docteur Penfi eld Ave.. Montreal, Quebec [Canada].

2528. Whingwiri, E.E. 1987. Soyabean production in 
communal and small-scale sectors. In: Desiree L. Cole, ed. 
1987. Proceedings of the Workshop for the Southern Africa 
Region on Basics of Soybean Cultivation and Utilization, 24 
February–7 March 1986, University of Zimbabwe. Harare, 
Zimbabwe: University of Zimbabwe. 199 p. See p. 13-17. 20 
cm. [9 ref]
• Summary: “Summary: The production of soyabeans 
in communal areas is not at present a very attractive 
proposition. Farmers do not inoculate seed, labour 
requirements are too demanding and yields returns do not 
justify growing the crop.
 “Introduction: In the oilseed industry in Zimbabwe, 
soyabeans are currently second to cotton seed in terms of 
amount purchased by oil extractors. Therefore it is a very 
important crop. Groundnuts are fourth although it used to 
be number one in the mid-sixties. Soyabean production 
has increased tremendously since the late sixties due to 
price incentives, and research and extension effort on this 
crop. Cultivars and production practices suitable for local 
conditions are available. Besides providing oil, soyabeans 
also provide a protein cake largely used locally in pig and 
poultry feed. The peasants in communal areas who are 
mainly farmers use the ground grain in a mixture with 
maize meal or wheat fl our to make bread and also as a 
hot beverage. During the last three years, over 98% of 

the national soyabean crop delivered to Grain Marketing 
Board (GMB) a parastatal body which buys all produce of 
controlled crops such as maize, soyabeans, groundnuts etc. 
was produced on large-scale farms with a small percentage 
from communal area and small-scale farms (Table 1). 
Communal area farms are under various forms of traditional 
and communal ownership. Each household manages its 
arable area privately, although no legal title is held, and 
grazes its animals in communally held areas. Small-scale 
farms have freehold title. Hence the household manages 
the arable and grazing lands privately. Large-scale farms 
also have freehold title but land area and capital investment 
differentiate them from small-scale farms.
 “Soyabeans are grown by all farming sectors in all 
provinces of the country although more so on large-scale 
farms. One may pose the question why only a small 
proportion of the national crops were grown by communal 
area and small-scale farms, and 98.9% on large-scale farms? 
According to Table 1 deliveries from communal area and 
small-scale farms were declining during the last three years. 
This paper examines soyabean production in communal 
areas using data on deliveries to GMB depots in the country 
and also results of a small survey recently conducted in 
Mashonaland West Province. The paper also attempts to 
propose strategies needed to increase soyabean production in 
communal areas.
 Lists 13 common factors identifi ed by farmers as 
limiting the production of soyabeans (Hurungwe survey, Jan 
1986). Address: Agronomy Institute; Dep. of Research and 
Specialist Services, Ministry of Lands, Agriculture and Rural 
Resettlement, P.0. Box 8100, Causeway, Harare.

2529. Garcia-Sequeira, A.; Velasquez-Silva, J.M. 1987? 
Evaluacion comparativa entre dos inoculantes commerciales 
vs. doe cepas de Bradyrhizobium japonicum en forma 
liquida en el cultivo de soya [Comparative evaluation of 
commercial inoculants vs. two strains of Bradyrhizobium 
japonicum in liquid form in cultivation of soyabeans]. In: 
Informe de las Labores de la Seccion de Agronomia, Centro 
Nacional Experimental del Algodon. Leon, Nicaragua: 
Centro Experimental del Algodon. See p. 72-80. Undated. [4 
ref. Spa]*
Address: Centro Experimental del Algodon, Posoltega, 
Nicaragua.

2530. World Neighbors in Action (Oklahoma City). 1987?. 
Soybeans–The meat that grows on plants. 9(3E):1-8. 
Undated.
• Summary: This is a “Newsletter for Overseas Project 
Personnel.” The topic of this entire newsletter is “Growing 
and cooking soybeans.” Contents: Growing and cooking 
soybeans at home: Soybeans can provide protein for 
family, 1. Preparing the soil and planting seed (soil, seed 
inoculation, planting, alternate method of seed inoculation), 
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2. Cultivation (fl owering and setting of pods, planting 
soybeans and maize together). 3. Harvesting and drying 
soybeans (threshing, preparing beans for storage). Cooking 
with soybeans: Making soy fl our, making unleavened bread, 
preparing nutritious snacks. Corn or wheat porridge. Making 
soybean sprouts. Simple soy milk. Cooked dry beans. 
Address: 5116 North Portland Ave., Oklahoma City, OK 
73112-2098.

2531. Hahn, Matthias; Hennecke, H. 1988. Cloning and 
mapping of a novel nodulation region from Bradyrhizobium 
japonicum by genetic complementation of a deletion mutant. 
Applied and Environmental Microbiology 54(1):55-61. Jan. 
[26 ref]
• Summary: “The phenotypes of a set of Bradyrhizobium 
japonicum 110 mutants with large deletions in the region 
of symbiotic gene cluster I were tested. The majority of 
the mutants showed a delayed nodulation on soybean 
and, by mixed-infection experiments, were found to be 
strongly reduced in their competitiveness. Phenotypic 
comparison of mutants with different deletion endpoints 
allowed a preliminary localization of two genomic regions, 
called nod-1 and nod-2, which were required for normal 
nodulation on soybean.” Address: Mikrobiologisches Institut, 
Eidgenossische Technische Hochschule, ETH-Zentrum, CH-
8092 Zurich, Switzerland.

2532. Mauro, Vincent P.; Verma, Desh P.S. 1988. 
Transcriptional activation in nuclei from uninfected soybean 
of a set of genes involved in symbiosis with Rhizobium. 
Molecular Plant-Microbe Interactions 1(1):46-51. Jan. [46 
ref]
• Summary: Nodulins are nodule-specifi c proteins. Several 
plant genes code for such proteins, and they are expressed 
in legume root nodules during symbiotic nitrogen fi xation. 
Address: Centre for Plant Molecular Biology, Dep. of 
Biology, McGill Univ., Montreal, Quebec H3A 1B1 Canada.

2533. Asanuma, Shuichi. 1988. Naijeria ni okeru daizu no 
saibai to konryûkin [Cultivation of soybeans and root nodule 
bacteria in Nigeria]. Daizu Geppo (Soybean Monthly News). 
Jan/Feb. p. 4-11. [10 ref. Jap]
Address: Nôgaku Hakase, Nôrin Suisanshô, Hokkaidô 
Nôgyô Shikenjô, Shunin Kenkyû-kan.

2534. Bothe, H.; Bruin, F.J. de; Newton, W.E. eds. 1988. 
Nitrogen fi xation: Hundred years after: Proceedings of 
the 7th International Congress on (Triple-Bond) Nitrogen 
Fixation. Köln (Cologne, F.R.G.). March 13-20, 1988. 
Stuttgart and New York: Gustav Fischer. 878 p.
• Summary: This congress was attended by 650 scientists 
from 42 different countries. Two special events guided the 
organizers to hold the Congress in Germany this year. First, 
exactly 100 years ago Hellriegel and Wilfarth published their 

classical manuscript on nitrogen fi xation in plants. Second, 
the university of Cologne was founded 600 years ago. 
This is the oldest university in Germany founded under the 
patronage of a city. On 21 May 1388 Pope Urban VI gave 
the citizens leave to establish a “Studium Generale.” The 
original university was closed by the French in 1798, but 
reopened in 1919.
 The fi rst four papers in these proceedings are about 
historical aspects and evolution.

2535. Quispel, A. 1988. Hellriegel and Wilfarth’s discovery 
of (symbiotic) nitrogen fi xation one hundred years ago. 
In: H. Bothe, F.J. de Bruin, and W.E. Newton, eds. 1988. 
Nitrogen fi xation: Hundred years after: Proceedings of 
the 7th International Congress on (Triple-Bond) Nitrogen 
Fixation. Köln (Cologne). Stuttgart and New York: Gustav 
Fischer. 878 p. See p. 3-12. [45 ref. Eng]
• Summary: Contents: Introduction. The state of knowledge 
about nitrogen nutrition in plants in 1888. The work of 
Hellriegel and Wilfarth. The reactions of contemporaries. 
The root nodule enigma. The bacteria and their functions. 
Final remarks.
 An excellent, well-documented history. Address: Dep. 
of Plant Molecular Biology, Botanical Lab., Leiden Univ., 
Nonnensteeg 3, 2311 VJ Leiden, The Netherlands.

2536. Schilling, G. 1988. Hellriegel and Wilfarth and their 
discovery of nitrogen fi xation at Bernburg. In: H. Bothe, F.J. 
de Bruin, and W.E. Newton, eds. 1988. Nitrogen fi xation: 
Hundred years after: Proceedings of the 7th International 
Congress on (Triple-Bond) Nitrogen Fixation. Köln 
(Cologne). Stuttgart and New York: Gustav Fischer. 878 p. 
See p. 13-19. [16 ref. Eng]
• Summary: Contents: Introduction. The social and 
economic background of the discovery. Who were 
Hellriegel and Wilfarth? What do Hellriegel and Willfarth 
have to say to us today? Summary. Acknowledgements. 
Photos show Prof. Dr. Hellreigel (1831-1895) and Prof. 
Dr. Willfarth (1853-1904). Address: Martin-Luther-
Universität Halle-Wittenberg, Sektion Pfl azenproduktion, 
Wissenschaftsbereich Agrochemie, Adam-Kuckhoff-Straβe 
17 b, 4020 Halle/Saale, Deutsche Demokratische Republik.

2537. Munyinda, K.; Karamanos, R.E.; Legg, J.O.; Sanogho, 
S. 1988. Nitrogen fi xation by soybeans (Glycine max L.) in 
Zambia. Plant and Soil 109(1):57-63. June. [12 ref]
• Summary: “Soybeans... are being introduced as a cash crop 
to small scale farmers in Zambia for rotation in their farming 
systems. A local nitrogen fi xing cultivar (Magoye) rated 
highest among three soybean cultivars... tested for its ability 
to support symbiotic N2 fi xation by B. japonicum under 
the experimental conditions. Values of percent N derived 
from atmosphere for this cultivar were in the order of 65 to 
70%.” Address: 1. Dep. of Renewable Resources, Macdonald 
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College of McGill Univ., Ste. Anne de Bellevue, Quebec, 
H9X 1C0 [Canada].

2538. Wall, Richard. 1988. UT [Univ. of Tennessee] holds 
new era for agribusiness. East Tennessee Business Journal 
(Knoxville, Tennessee). July 25.
• Summary: Professor Dr. Peter M. Gresshoff, Racheff 
Chair of Excellence at the University of Tennessee, is not 
only pioneering plant molecular genetic applications that 
will dramatically change agriculture, he’s also developed 
a unique plan to interface this and other scientifi c efforts 
with the business community. By genetically altering the 
soybean the Australian scholar claims that he can eliminate 
the need for fertilizer by establishing an optimum symbiotic 
interaction between the plant and the soil, while maintaining 
the same production levels. About $4,300 million was spent 
in this country last year on biotechnology. Gresshoff’s 
“super-nodulating” soybean would not only require no 
application of fertilizer for itself, it would create enough 
nitrogen in the soil for the next crop, say corn.

2539. Bhatnagar, P.S. 1988. Present status of soybean 
in India: Constraints and future strategies to increase its 
production and productivity. In: Nawab Ali, A.P. Gandhi, 
and T.P. Ojha, eds. 1988. Soybean Processing & Utilization 
in India. Bhopal, India: Central Institute of Agricultural 
Engineering (CIAE). v + 431 p. See p. 9-28. Held 22-23 
Nov. 1986 at CIAE, Bhopal, India. [17 ref]
• Summary: Contents: 1. Introduction. 2. National potential. 
3. Soybean and cropping system. 4. Progress in research. 
5. Diagnostic analysis of constraints for exploitation of 
soybean production potential in India: Poor plant population 
(poor germination of the seed, improper sowing method, 
unfavorable weather conditions), delayed planting, poor 
fertilization, poor nodulation or low effi ciency of nitrogen 
fi xation, ineffi cient pest and disease management, non-
replacement of low productive old varieties with new 
improved varieties, non-irrigation, non-availability of high 
yielding variety for stress conditions, lack of appropriate 
market support, gap in transfer of technology. 6. Future 
strategies. 7. Thrust areas: Research (diagnostic analysis 
of decline in productivity of soybean, breeding of varieties 
suitable under stress conditions of moisture and soil pH and 
diseases or pests, development of varieties with promiscuity 
to the bacterial strains and identifi cation of strains of 
rhizobium for more effi cient nitrogen fi xation, breeding of 
varieties with longer storability and better germination, low 
priced product process development based on defatted soy 
fl our as well as whole soybean, cultivation of soybean in 
irrigated conditions), development.
 Note: The land and premises for the National Research 
Centre for Soybean were acquired in June 1986. Dr. 
Bhatnagar took formal charge of the center in Dec. 1986. 
He moved to Indore as Director of the centre in Jan. 1987, 

at which time the center began operation. Address: PhD, 
Director, National Research Centre for Soybean, Khandawa 
Road, Indore 450 001, India.

2540. Schuller, K.A.; Minchin, F.R.; Gresshoff, P.M. 1988. 
Nitrogenase activity and oxygen diffusion in nodules of 
soyabean cv. Bragg and a supernodulating mutant: effects of 
nitrate. J. of Experimental Botany 39(204):865-77. July. [19 
ref]
• Summary: “Plants of cv. Bragg were approximately twice 
as heavy as plants of nts382 mutant but nodule dry weights 
were not signifi cantly different. The nts mutant produced an 
average of 918 nodules compared with 254 for cv. Bragg, 
but individual nodules of the mutant had smaller masses and 
volumes.” Address: AFRC Institute of Grassland and Animal 
Production, Welsh Plant Breeding Station, Plas Gogerddan, 
Aberystwyth, Dyfed SY23 3EB, U.K..

2541. Zdor, Robert E.; Pueppke, Steven G. 1988. Early 
infection and competition for nodulation of soybean by 
Bradyrhizobium japonicum 123 and 138. Applied and 
Environmental Microbiology 54(8):1996-2002. Aug. [39 ref]
• Summary: In North America, strains of Bradyrhizobium 
japonicum serogroup USDA 123 are prevalent in many soils, 
but undominant in some (such as Louisiana).
 “Interactions of soybean with Bradyrhizobium 
japonicum 123 (serogroup 123) and 138 (serogroup c1) 
were used to examine the relationship between early 
infection rates, competition for nodulation, and patterns of 
nodule occupancy. Both strains formed more infections in 
autoclaved soil (sterile soil) than in untreated soil (unsterile 
soil).” Address: Dep. of Plant Pathology, 108 Waters Hall, 
Univ. of Missouri, Columbia, Missouri 65211.

2542. Neuhausen, S.L.; Graham, P.H.; Orf, J.H. 1988. 
Genetic variation for dinitrogen fi xation in soybean of 
maturity group 00 and 0. Crop Science 28(5):769-772. Sept/
Oct. [21 ref]
• Summary: “Because soybeans... are generally assumed to 
be active in N, fi xation, their genetic variation in this trait has 
not been studied to the extent found in other crop legumes.”
 “There was suffi cient genetic variation to suggest 
that breeding for improved N2 fi xation is feasible in both 
maturity groups.” Address: 1&3. Dep. of Agronomy and 
Plant Genetics, 439 Borlaug Hall, Univ. of Minnesota, St. 
Paul, MN 55108.

2543. Vessey, J. Kevin; Walsh, K.B.; Layzell, D.B. 1988. 
Can a limitation in phloem supply to nodules account for 
the inhibitory effect of nitrate on nitrogenase activity in 
soybean? Physiologia Plantarum 74(1):137-46. Sept. [36 ref]
• Summary: “Within 48 h of exposure of nodulated soybean 
[Glycine max (L.) Merr. cv. Harosoy 63 x Bradyrhizobium 
japonicum USDA I6] to 10 mM NO3-, signifi cant decreases 
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were observed in nodule-specifi c nitrogenase (EC 1.7.99.2) 
activity and CO, evolution and in the proportion of [14C]-
labeled photosynthate partitioned to nodule biomass and 
respiration. These trends continued over the subsequent 3 
days of the study period. Concomitant with these events was 
an 137% increase in the relative growth rate of the whole 
plant...” Address: Dep. of Biology, Queens Univ., Kingston, 
Ontario, Canada, K7L 3N6.

2544. Chen, W.X.; Yan, G.H.; Li, J.L. 1988. Numerical 
taxonomic study of fast-growing soybean rhizobia and a 
proposal that Rhizobium fredii be assigned to Sinorhizobium 
gen nov. International J. of Systematic Bacteriology 
38(4):392-97. Oct. [26 ref]
• Summary: “A total of 33 strains of fast-growing soybean 
rhizobia isolated from soil and soybean nodules collected 
in China and 25 strains belonging to the genera Rhizobium, 
Bradyrhizobium, and Agrobacteriurn were compared 
by numerical taxonomic techniques, using 240 different 
characters, Our results indicated that all of the strains of fast-
growing soybean rhizobia which we examined are closely 
related...
 “... we propose that the fast-growing soybean rhizobia 
represent members of a new genus rather than a species of 
Rhizobium (Rhizobium fredii); we propose Sinorhizobium 
gen. nov. as an appropriate generic name. The type species of 
the new genus is Sinorhizobium fredii comb. nov. (basonym, 
Rhizobium fredii Scholla and Elkan 1984), and the type strain 
is strain ATCC 35423 (= USDA 205). For the other species 
we propose the name Sinorhizobium xinjiangensis sp. nov.; 
the type strain of this species is strain CCBAU 110, which 
has been deposited in the Beijing Agricultural University 
Culture Collection, Beijing, People’s Republic of China.” 
Address: Dep. of Microbiology, Biology College, Beijing 
Agricultural Univ., Beijing, People’s Republic of China.

2545. Devine, T.E.; Kuykendall, L.D.; O’Neill, J.J. 1988. 
DNA homology group and the identity of bradyrhizobial 
strains producing rhizobitoxine-induced foliar chlorosis on 
soybean. Crop Science 28(6):938-41. Nov/Dec. [24 ref]
• Summary: “A distinctive foliar chlorosis of soybean... has 
been traced to nodulation by certain strains of bradyrhizobia 
that produce the substance rhizobitoxine in the root nodules. 
Strains of Bradyrhyzobium nodulating soybean have been 
classifi ed into three groups by relative DNA homology. 
To defi ne the possible relationship between chlorosis 
induction and DNA homology group, 25 bradyrhizobial 
strains identifi ed by DNA homology group were tested for 
chlorosis induction on the chlorosis susceptible soybean 
line N53-3494.” Address: 1&3. Plant Molecular Genetics 
Lab.; 3. Nitrogen Fixation and Soybean Genetics Lab. All: 
Plant Sciences Inst., USDA-ARS, Beltsville Agric. Research 
Center-West, Beltsville, MD 20705.

2546. Hanson, Roger G.; Stecker, J.A.; Maledy, S.R. 1988. 
Effect of soybean rotation on the response of sorghum to 
fertilizer nitrogen. J. of Production Agriculture 1(4):318-21. 
Oct/Dec. [12 ref]
• Summary: “Based on relative yields at the maximum 
profi t N rate, the average fertilizer N credit between the two 
locations attributed to soybeans was about 84 lb. nitrogen 
per acre.” Address: Dep. of Agronomy, Univ. of Missouri, 
Columbia, MO 65211.

2547. Camara, M.; Herrera, Isla L.; Galantai, E.; Guevara, 
T.V. 1988. Resistencia varietal a Rhizoctonia solani Kuhn en 
frijol y soya [Varietal resistance to Rhizoctonia solani Kuhn 
in French beans and soybean]. Centro Agricola 15(2):24-29. 
[3 ref. Spa; eng]*
• Summary: The response of 6 soybean cultivars to R. solani 
was investigated. Address: Ministry of Agriculture, Conakry, 
Guinea.

2548. Giannakis, C.; Nicholas, D.J.D.; Wallace, W. 1988. 
Utilization of nitrate by bacteroids of Bradhyrhizobium 
japonicum in the soybean root nodule. Planta 174(1):51-58. 
[45 ref]
• Summary: “Abstract. Bacteroids of Bradyrhizobium 
japonicum strain CB1809, unlike CC705, do not have a high 
level of constitutive nitrate reductase (NR; EC 1.7.99.4) 
in the soybean... nodule. Ex planta both strains have a 
high activity of NR when cultured on 5 mM nitrate at 2% 
O2 (v/v).” Address: Dep. of Agricultural Biochemistry, 
Waite Agricultural Research Inst., Univ. of Adelaide, Glen 
Osmond, S.A. 5064, Australia.

2549. Larcher, Jacques; Volper, S.; Aubin, J.P. 1988. Le soja 
en régions tropicales: une synthèse des recherches de l’IRAT 
[The soybean in tropical regions: A summary of research 
conducted by IRAT]. Memoires & Travaux de l’IRAT 
(France) No. 15. 185 p. [91 ref. Fre]
• Summary: IRAT stands for Institut de Recherches 
Agronomiques Tropicales (Tropical Institute of Agronomic 
Research). Contents: Varietal improvement: Introduction 
of varieties, screening varieties, creating new varieties. 
Cultural practices: Preparing the soil, water needs of the 
soybean, planting, harvest, production and storage of seeds. 
Cultural systems: Crop rotations, companion crops, times 
of working. Fertilizers: Mobilization minerals, diagnosis 
based on foliage, nitrogen fertilizers, phosphate fertilizers, 
potassium fertilizers, organic manure, preformulated manure. 
Inoculation: Effects of inoculation on the nodulation and 
the yield of soybeans, methods of inoculation, selection of 
stocks of Rhizobium japonicum, determination of the dose of 
inoculum suited to the fi eld, production of inoculum, survival 
of Rhizobium japonicum in tropical soils. Crop protection: 
Bacterial diseases, fungal diseases, viral diseases, nematodes, 
insects, chemical defoliation, herbicides. Technology: 
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Senegal, Cameroon.
 Appendixes: 1. List of varieties. 2. List of the main 
soybean varieties introduced to Benin, Burkina Faso, 
Cameroon, Comoro Islands, Côte d’Ivoire, Ethiopia, French 
Guiana, Madagascar, Mali, Niger, Polynesia, Central African 
Republic, Reunion and Martinique, Senegal, Togo. 3. 
Norms of observation and methods employed by IRAT. 4. 
Improvement of the components of soybean yield. Technical 
guide for growing soybeans in Senegal, Côte d’Ivoire, and 
French Guyana.
 The section titled “Introduction of Varieties” (p. 9) 
notes that between the fi rst and second world wars, the 
French peasantry introduced the soybean to Madagascar and 
cultivated it in the regions of Ambatolampy, Antsirabé, and 
Ankazomiriotra. It is interesting to note that it was in the 
latter locality that the fi rst attempts were made to transform 
soybeans into milk and cheese [soymilk and tofu] in 
Madagascar. In Cameroon, eleven varieties, which originated 
in the USA and East Asia, were introduced between 1924 
and 1945.
 In 1965 IRAT introduced the soybean into its research 
programs and began, as a fi rst step, by establishing soybean 
varietal collections in the different countries where IRAT was 
working: 1966 in Senegal, Madagascar, and Cameroon. 1967 
in the Central African Republic and Mali. 1968 in the Côte 
d’Ivoire. 1969 in Benin. 1971 in the Comoro Islands. 1972 
in Ethiopia. 1974 in Togo and Niger. 1975 in Burkina Faso, 
Réunion, French Guiana, Martinique, and Polynesia. The 
fi rst collections, established in 1966 from soybean varieties 
originating in Rwanda, the USA, Rhodesia, and Tanzania, 
were progressively disseminated to the other countries.
 Subsequent participation of IRAT researchers in the 
international variety trials conducted by INTSOY (USA) 
and by IITA (Ibadan, Nigeria) enabled IRAT to diversify its 
genetic resources and to test, mainly through the INTSOY 
trials, the varieties that it had developed.
 Varietal selection (p. 10-22): Senegal: From 1966 to 
1970, 120 soybean varieties received were tested by CNRA 
Centre National de Recherche Agronomique (French) 
of Bambey (Baol), then at Nioro du Rip (Sine-Saloum), 
where the best yields, of about 1,500 to 2,000 kg/ha were 
obtained with the variety Geduld. Starting in 1970 Bambey 
was abandoned and trials were continued at Séfa (Sefa, 
Casamance) and Synthiou Malème (in eastern Senegal), 
where the ecology was more favorable for soybean 
cultivation. Breeding of new varieties started in about 1972 
in Senegal (see p. 22-33)
 Central African Republic: In 1967, at the request of 
the Ministry of Rural Development, via FAO, 80 soybean 
varieties of very diverse origins were introduced and tested 
at the Grimari station. The variety Avoyelles yielded 1,218 
kg/ha.
 Mali: The varieties G15 and G115 (Jupiter) from 
Burkina were introduced to Mali in 1967. Then in 1969 

IRAT introduced 26 new varieties, of which 11 originated in 
the Central African Republic and 15 in Senegal.
 Côte d’Ivoire: From 1968 to 1977 IRAT introduced 171 
soybean varieties to the Côte d’Ivoire.
 Togo and Benin: These two contiguous countries have 
comparable ecologies. IRAT’s with soybeans in Benin began 
in 1969. In 1970 IRAT introduced to Niaouli, Benin, 45 
varieties originating in Taiwan, Central African Republic, 
Madagascar, and Senegal. This collection was continued 
from 1970 to 1974, because two crops a year were possible, 
at the stations of Niaouli and Ina in Benin, and 3 stations in 
Togo. In 1975 IRAT-Togo cooperated with INTSOY in the 
fi rst soybean trials in Togo. The fi rst seeds were planted at 
Davié in southern Togo on May 2, at Amoutchou in central 
Togo on May 7, and in Kitangbao in northern Togo on July 
8. Togo. Table 12 shows the average yields from 1970 to 
1974 from the varieties Columbia, Mandarin, Clark 63, and 
E 73. These yields were low due to the absence of any use 
of fertilizers or inoculants, and the poor germination of the 
seeds. [Note: From Whigham and Judy (1975) and Dumont 
(1981) we have learned the exact dates that soybeans were 
planted in Benin and Togo]. Comoro Islands: 63 soybean 
varieties from the Madagascar collection were introduced in 
1971 and tested on Grand Comoro (Comore) and at Anjouan 
(800 meters altitude). At Anjouan the best variety was 
Biloxi, which had an average yield of 2,000 kg/ha. On Grand 
Comoro the yields were lower, about 1,500 kg/ha. Having 
little future, soybean research was stopped in 1976. Note: 
This document contains the earliest date seen for soybeans 
in the Comoro Islands, or the cultivation of soybeans in the 
Comoro Islands (1971) (one of two documents). The source 
of these soybeans was Madagascar.
 Niger: In 1974 IRAT introduced from Senegal 17 
varieties of various origins; the results were mediocre (in 
part from absence of inoculation): ICA Toroa 662 kg/ha, ICA 
Lili 312 kg/ha, Improved Pelican 335 kg/ha, Mandarin 300 
kg/ha. Two INTSOY trials took place in 1975 at Maradi and 
Gaya. This time the yields were very encouraging; at Maradi 
the variety Forrest yielded 3,500 kg/ha.
 Note: This document contains the earliest date seen for 
soybeans in Niger, or the cultivation of soybeans in Niger 
(1974). The fi rst 17 varieties introduced originated in various 
countries.
 Burkina Faso: The soybean was introduced to this 
remote country in 1960. At that time IRHO (Institut de 
Recherches pour les Huiles et Oléagineux) was in charge 
of experiments on this plant. In 1975 IRAT participated in 
an INTSOY trial at Farako-Ba; Jupiter gave the best yield, 
2,405 kg/ha.
 Réunion: Four varieties from the USA were tested in 
1974, at the station of Mon Caprice, during two seasons. The 
best yield during the cool season was from Chippewa (1,780 
kg/ha), and during the warm season it was from Amsoy 
(2,070 kg/ha).
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 Martinique: IRAT-Martinique participated in the 1975 
INTSOY trials. Only one variety, Improved Pelican, with 
a yield of 2,150 kg/ha [sic, 2,154 kg/ha, planted 10 April 
1975] seemed interesting, but since soybean cultivation was 
believed to have no future in the agriculture of the island, the 
experimentation was abandoned.
 French Guiana: The fi rst soybean trials began in 1975 
with the introduction of 4 varieties: Jupiter, Acadian, and 
Improved Pelican from the USA, and Vada, which originated 
in Java [Indonesia]. From 1976 to 1983 IRAT-Guyane 
participated in INTSOY trials. In 1976 Jupiter gave the top 
yield of 3,440 kg/ha.
 French Polynesia: From 1976 to 1979 the INTSOY 
trials continued during the two rainy seasons. The variety 
Davis gave the best overall average yields (4,260 kg/ha 
over 5 seasons), with a top yield of 5,286 kg/ha in 1976-77. 
Address: France.

2550. Montero R., Rafael A.; Mata M., Eduardo J. 1988. 
La soya: Guia para sul cultivo y consumo en Costa Rica 
[The soybean: A guide for its cultivation and consumption 
in Costa Rica]. San Jose, Costa Rica: Editorial de la 
Universidad de Costa Rica. 112 p. Illust. 21 cm. [11 ref. Spa]
• Summary: Contains 23 tables and 8 fi gures plus some 
color photos. Contents: Introduction. The plant. Climate. 
Photoperiod. The variety. The soil. Preparation of the land. 
Times of planting. Inoculation. Fertilization and nutrition. 
The analysis of the soil. Visual symptoms of mineral 
defi ciencies. Density of planting seeds. Considerations 
concerning planting more or less seeds. Diseases. Soybean 
diseases common in Costa Rica. Weed control. Calibration 
of sprinklers. Control of insects. Management of the harvest. 
Mechanical harvesting of soybeans. Aspects which must 
be considered for a good harvest of the crop. Economic 
considerations. Feeding and nutrition based on soy: The 
soybean compared with other protein sources, percentage 
of protein in various protein sources, diagram showing the 
many products derived from soya. Preparation of meals with 
soya: preparation of basic soyfoods at home (preparation of 
whole soybeans, preparation of soymilk, preparation of soy 
fl our, vegetable stew with soybeans, salad, Oriental minced 
meat, rice with soybeans, spaghetti in white sauce with 
soybeans, soybeans in escabeche, cream of soybeans and 
greens, oil roasted soynuts, soy pudding, homemade tofu, 
mixed bread with soya fl our, quick bread with soy fl our). 
Table of conversion: Measures, weights & equivalents.
 Tables show: (1) Description of the vegetative and 
reproductive states of the soybean plant (Source: Fehr 
& Caviness 1977). (2) Origin and characteristics of the 
varieties Jupiter, SIATSA 194-A, and IAC-8. (3) Dates 
recommended for the harvest of soybeans in Costa Rica. 
(4) Extraction of nutrients from each 1000 kg of yield of 
soybean seeds. (5) General reference values for interpreting 
the analytical results of the laboratory of soils of the Ministry 

of Agriculture and Livestock, Costa Rica.
 (6) Critical foliar levels of nutrients at the end of 
fl owering (Niveles críticos foliares de nutrimentos). (7) 
Summary of generalizations about the essential nutrients 
for the soybean. (8) Summary of the principal soybean 
diseases in Costa Rica. (9) Recommended herbicides in 
the cultivation of the soybean and the different doses for 
different soil textures in pre-emergent herbicide application. 
(10) Primary weeds that infect soybean fi elds and effective 
herbicides for weed control. (11) Mix of pre-emergent 
herbicides (herbicidas preemergentes) for the control of 
weeds in soybean cultivation. (12) Recommended nozzle-
type for weed control. (13) Levels of economic damage 
of the soybean from various soybean enemies in Costa 
Rica. (14) Chemicals used for the control of insects in the 
cultivation of the soybean.
 (15) Marketing volume, consumption and grain reserve 
for soybean cake / meal (torta) and soybean oil in the United 
States and the world in the years 1984-1986. (16) Cultivated 
area, average yield and price of the soybean in Costa Rica 
during the period 1979-1987. (17) Monthly price of grain 
(grano), oil and meal (torta) protein in dollars FOB Chicago, 
Illinois, United States, from 1987 and the months January to 
May of 1988. (18) Price of a metric ton of yellow soybeans 
(soya amarilla) in Caldera, Costa Rica. (19) Projection of 
the apparent demand of cakes (tortas) and oleaginous fl ours 
(harinas oleaginosas) 1984-1989.
 (20) Budget for the production of soybeans in Costa 
Rica, harvest of 1988. (21) Total cost of soybean production, 
harvest of 1988. (22) Chemical composition of soybean milk, 
breast milk, and cow milk. (23) Essential amino acid content 
in soybean milk and cow’s milk.
 Figures show: (1) Description of the principal parts of 
the soybean plant. (2) Needs of the soybean (variety Jupiter) 
for the various stages of growth. (3) Parts of different 
types of nozzles for the application of agrochemicals. (4) 
Various degrees of defoliation of the soybean estimated as 
percentages of foliar tissue loss. (5) Method for measuring 
the level of insects infesting soybeans. (6) Principal insects 
in the cultivation of soybeans. (7) Location of sampled areas 
concerning loss in the mechanical harvesting of soybeans. 
(8) Utilization of soybeans (derived from soy fl our, soybean 
cake or meal, isolated soy protein, soy sprouts, whole dry 
soybeans, tofu, infant formulas, soy sauce, refi ned soy oil, 
lecithin). Address: Costa Rica.

2551. Solh, M.B.; Materon, L.A. 1988. The status of 
biological nitrogen fi xation research in Lebanon. In: 
D.P. Beck, ed. 1988. Nitrogen Fixation By Legumes 
in Mediterranean Agriculture. Dordrecht, Netherlands: 
Martinus Nijhoff. See p. 79-88. [12 ref. Eng]*
Address: American Univ., Beirut, Lebanon.

2552. Upfold, R.A.; Olechowski, H.T. 1988. Soybean 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   933

© Copyright Soyinfo Center 2018

production. Ontario Ministry of Agriculture and Food, 
Publication No. 173. 17 p. 28 cm. [9 ref]
• Summary: Contents: Introduction. Climate and soil. 
Growth and development. Choosing a variety. Tillage and 
seedbed preparation. Inoculation. Planting. Reduced stands. 
Fertility. Weed control. Diseases. Insects and mites. Other 
problems. Harvesting and storage. Feeding soybeans. 
Marketing. References. Address: 1. Crop Science Dep., Univ. 
of Guelph; 2. Plant Industry, OMAF, Ontario, Canada.

2553. Gremaud, Maureen F.; Harper, James E. 1989. 
Selection and initial characterization of partially nitrate 
tolerant nodulation mutants of soybean. Plant Physiology 
89(1):169-73. Jan. [17 ref]
• Summary: “Since N03- availability in the rooting medium 
seriously limits symbiotic N2 fi xation by soybean..., studies 
were initiated to select nodulation mutants which were more 
tolerant to N03- and were adapted to the Midwest area of the 
United States. Three independent mutants were selected in 
the M2 generation from ethyl methanesulfonate or N-nitroso-
N-methylurea mutagenized Williams seed.” Address: 1. 
Dep. of Agronomy; 2. USDA, ARS. Both: Univ. of Illinois, 
Urbana, Illinois 61801.

2554. Devine, T.E. 1989. The role of co-evolution in the 
soybean/microsymbiont interaction. In: A.J. Pascale, ed. 
1989. World Soybean Research Conference IV. Buenos 
Aires: Continuing Committee. xxviii + 2152 p. See p. 1119-
24. [19 ref]
• Summary: The nitrogen fi xing symbiosis of legumes with 
rhizobial bacteria is the product of 200 million years of 
evolution. Address: Plant Molecular Biology Lab., ARS-
USDA, Beltsville, Maryland 20705.

2555. Mercer-Quarshie, H. 1989. Performance of soya 
bean varieties in Ghana. In: A.J. Pascale, ed. 1989. World 
Soybean Research Conference IV. Buenos Aires: Continuing 
Committee. xxviii + 2152 p. See p. 677-82. [1 ref]
• Summary: “To substitute for imports of soya bean products 
and also increase its use in the fi ght against malnutrition, 
investigations on soya beans have been undertaken in the 
last 15 years. Most of the varieties evaluated in the fi rst ten 
years were bred from outside West Africa. Yields obtained 
from experiments had a range of 4000-1200 kg/ha. A major 
shortcoming of these varieties was their poor storability and 
consequently poor emergence in the fi eld. New varieties, 
developed in West Africa and tested mainly in Northern 
Ghana, have given reasonable yields. They possess better 
storability and have the ability to nodulate with native 
rhizobia. Disease incidence and pest damage on these 
varieties have been low. The major problem of soya bean 
production now is the inadequate propagation of information 
on its utilization...
 “As a result of the importation in the early 1970s of 

large quantities of soya meal for animal feed and soya oil for 
cooking, it became necessary for investigations which had 
been abandoned in the late 1950s to be resumed with the aim 
of producing enough soya bean for processing to substitute 
for imports of soya bean products...
 “From 1973-1978 and also 1983-1986 more than 500 
varieties/lines were introduced. The 1973-1978 varieties 
came mainly from the USA but the 1983-1986 introductions 
came mainly from IITA, Ibadan [Nigeria] in West Africa...
 “Experiments in the last 15 years have clearly 
demonstrated that soya beans can grow in most parts of 
Ghana and give yields of 4.0-1.0 t/ha depending on the soil 
and environment.” Address: Nyankpala Agric. Exp. Station, 
Crops Research Inst., P.O. Box 52, Nyankpala, Tamale, 
Ghana.

2556. Myers, Oval, Jr. 1989. Agricultural development, 
research, and extension in Zambia: End of project report. 
International Agriculture Newsletter (Univ. of Illinois) No. 
129. p. 1-2. Feb.
• Summary: “The Zambia Agricultural Research and 
Extension project, ZAMARE, was cited as a success story 
in Africa by the United States Agency for International 
Development (USAID) in the Congressional Presentations 
for FY87 and FY89. ZAMARE’s goal was to assist the 
Government of the Republic of Zambia through the Ministry 
of Agriculture and Water Development (MAWD), in 
improving the welfare of small-scale farmers and increasing 
national food production by developing and adapting 
agricultural technology.
 “ZAMARE began in 1982 with funding from USAID 
and was implemented by the University of Illinois at 
Urbana-Champaign, in collaboration with the University of 
Maryland-Eastern Shore and Southern Illinois University at 
Carbondale. All three institutions contributed consultants, 
served as sites for participant training, and had staff members 
in the fi eld throughout the project.
 “Although originally authorized as a multiphase project, 
ZAMARE was terminated by USAID after Phase I... The 
phasing out came in part from overall cuts in U.S. foreign 
assistance programs and in part from the success of the 
project in accomplishing its technical assistance and training 
goals.
 “Perhaps the longest lasting contribution of the 
soybean program will be the training on soybean utilization, 
particularly at the home and village levels... The soybean 
program also developed cultivars for the small-scale farmer 
that resist shattering when harvested by hand and that freely 
nodulate with native bacteria.
 “ZAMARE contributed to the production of soybean 
inoculum through training, technical assistance, and 
logistical support. The inoculum production unit now 
supplies the needs of the country, eliminating the imports 
that were necessary at the beginning of the project.” Address: 
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Illinois.

2557. Pascale, A.J. ed. 1989. IV Conferencia Mundial de 
Investigacion en Soja: Actas [World Soybean Research 
Conference IV: Proceedings. 4 vols.]. Buenos Aires, 
Argentina: Continuing Committee and Asociacion Argentina 
de la Soja. xxviii + 2152 p. 4 volumes. Held 5-9 March 1989 
at Buenos Aires, Brazil. Author index. 23 cm. [Spa]
• Summary: These volumes, published in February 
1989, shortly before the Conference and presented to the 
participants upon registration, contain the following major 
divisions: Vol. I. Table of contents of all 4 volumes. Author 
index. 1. Plenary papers (p. 1-58). 2. Crop management and 
production (p. 59-550): Ecology, physiology, rhizobiology.
 Vol. II. Crop management and production (continued, 
p. 551-881): Cropping, seed production. 3. Genetics and 
breeding (p. 883-1117): Genetic resources and breeding for 
yield, breeding for physiological traits and crop adaptation, 
breeding for product and seed quality.
 Vol. III. 3. Genetics and breeding (continued, p. 1119-
1268): Breeding for specifi c objectives. Biotechnology. 
4. Vegetal protection (p. 1269-1605): Phytopathology, 
nematology, entomology.
 Vol. IV. 4. Vegetal protection (continued, p. 1607-1694): 
Weeds. 5. Symposium on the Diaporthe/Phomopsis disease 
complex of soybean (p. 1695-1724). 6. Industrialization 
and uses (p. 1725-1878). 7. Economy [Economics] and 
marketing (p. 1879-1937). 7. Papers not included in their 
corresponding areas (p. 1939-2151). Address: Buenos Aires, 
Argentina.

2558. Shoemaker, R.C. 1989. Biotechnology and the 
soybean. In: A.J. Pascale, ed. 1989. World Soybean Research 
Conference IV. Buenos Aires: Continuing Committee. xxviii 
+ 2152 p. See p. 47-55. [57 ref]
• Summary: Contents: Introduction. RFLPs in soybean 
improvement (RFLP = restriction fragment length 
polymorphism). Rhizobia-soybean symbiosis. Transposable 
elements. Genetic transformation. Seed component quality.
 Introduction: “The adaptation of cellular and molecular 
biological techniques to soybean research is offering 
tremendous potential for the enhancement of soybean 
germplasm. Advancements in technology are occurring at 
a breathtaking pace. Refi nements of these technologies are 
making it possible, not only to study desirable characteristics 
of the soybean, but to manipulate those characters to suit the 
needs of the marketplace.
 “The purpose of this paper is... to highlight some 
selected accomplishments in the area of cellular and 
molecular biology, specifi cally, accomplishments which 
facilitate, directly, the enhancement of soybean germplasm.”
 Summary: “Clearly we are reaching the point in 
molecular biological research where we will not be limited 
by the recalcitrance of the soybean genetic / biological 

system. We will soon be able to manipulate the soybean to 
address nearly any research objective.” Address: USDA/
ARS, Iowa State Univ., Ames, Iowa 50011.

2559. Singh, R.K.; Singh, R.I. 1989. Soybean production 
and its utilization in tropical India. In: A.J. Pascale, ed. 1989. 
World Soybean Research Conference IV. Buenos Aires: 
Continuing Committee. xxviii + 2152 p. See p. 1998-2003. 
[5 ref]
• Summary: Contents: Abstract. Introduction. Materials and 
methods. Results and discussion. Technological innovations. 
Advantageous utilization of kharif fallow lands. Relative 
profi tability. Developmental policy supports. Farm-factory 
linkages. Production constraints. Utilization. Conclusion 
(The future looks bright for soybean in India).
 The poor yield of soybean in India can be attributed to 
the use of traditional varieties, use of low levels of inputs, 
pest and disease susceptibility, weather vagaries, lack of 
rhizobium culture, inadequate improved seeds and marketing 
facilities, etc.
 “The great majority of farmers in Uttar Pradesh 
(U.P.) and Madhya Pradesh (M.P.) conserve soil moisture 
by keeping their lands fallow during kharif (June to 
September)” in order to raise successful crops during rabi 
(Oct. to March). This limits the cultivation of soybean under 
rainfed conditions. Table 3 shows trends in per cent area 
under kharif fallow in M.P. and U.P.
 Recently the number of solvent extraction plants in 
M.P. state has increased. Of the 35 plants in the state, 
most are located near the production site of the crop they 
process, while in U.P. state, out of the 5 plants, three are 
located in soybean producing areas (Nainital and Jhansi 
area of the Bundelkhand region) and the remaining two are 
located in the important terminal markets of U.P. Moreover, 
all soybean processing plants are owned either privately 
or by cooperatives. About 65% of soybean production is 
purchased by private processors and traders. Address: Dep. 
of Agricultural Economics and Statistics, C.S. Azad Univ. of 
Agriculture & Technology, Kanpur–208 002, India.

2560. Bhatnagar, P.S. comp. 1989. All India Coordinated 
Research Project on Soybean (Indian Council of Agricultural 
Research). Twentieth annual workshop: Proceedings & 
Technical Programme. National Research Centre for 
Soybean, Khandwa Road, Indore 452 001, India. ii + 
183 p. Held at Andhra Pradesh Agricultural University, 
Rajendranagar, Hyderbad (Andhra Pradesh) 25-27 April 
1989. No index. 27 cm.
• Summary: The papers in this symposium are mainly about 
soybean production, with only one chapter about utilization. 
Address: Director, NRCS.

2561. Comis, Don. 1989. The best bacteria for soybean roots. 
Agricultural Research 37(10):18. Oct.
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• Summary: “Bacteria compete fi ercely for a home on 
soybean roots, and serogroup 123 strains of Bradyrhizobium 
japonicum usually win the race at the expense of other 
bacteria such as strain USDA 110.
 “This is unfortunate for farmers because strain 110 
delivers more nitrogen to developing pods.
 “More than 60 percent of the $11 billion U.S. soybean 
crop relies on commonly occurring bacterial strains, 
classifi ed as serogroup 123, to capture nitrogen from the air 
and fi x it in the roots as free fertilizer.
 “ARS scientists hope to change all that. They discovered 
soybean breeding lines that reject serogroup 123 strains, 
and found three soybean genes that seem to be responsible 
for this rejection. They have also found genetic material in 
USDA 110 that infl uences one of the new soybean lines to 
favor it. The scientists have applied for a patent outlining a 
two-step approach that could boost farm income.
 “Step one: Combine the three soybean genes into one 
soybean line that will reject ineffi cient bacterial strains of B. 
japonicum.
 “Step two: Bioengineer a ‘super bacterium’ possessing 
genes that are attractive to the new soybean.
 “Farmers would buy the bacterium in granules or 
other form, as they have for many years for nonengineered 
bacteria, and mix the granules with the new seeds. The 
bacterium/seed package would ensure higher yields.
 “Estimates suggest increases of 7 percent or more. And 
the approach should work with beans, peas, and other crops 
planted by gardeners as well as farmers.” Address: USDA 
ARS.

2562. McDermott, Timothy R.; Graham, Peter H. 1989. 
Bradyrhizobium japonicum inoculant mobility, nodule 
occupancy, and acetylene reduction in the soybean 
root system. Applied and Environmental Microbiology 
55(10):2493-98. Oct. [35 ref]
• Summary: “In the American Midwest, superior inoculant 
rhizobia applied to soybeans usually occupy only 5 to 20% 
of nodules, and response to inoculation is the exception 
rather than the rule. Attempts to overcome this problem have 
met with limited success.” Address: Rhizobium Research 
Lab., Dep. of Soil Science, University of Minnesota, St. 
Paul, Minnesota 55108.

2563. Raper, C. David, Jr.; Tolley-Henry, L. 1989. 
Regulation of nitrogen uptake and assimilation: Effects of 
nitrogen source, root-zone pH, and aerial carbon dioxide 
concentration on growth and productivity of soybeans. 
Moffett Field, California: National Aeronautics and Space 
Administration (NASA). 71 p. Dec. 28 cm. Report No. 
NASA CR-177546. [86 ref]
• Summary: Prepared for Ames Research Center, contract 
NCC2-101. CELSS. Address: 1. Dep. of Soil Science; 2. 
Dep. of Forestry. Both: North Carolina State Univ., Raleigh, 

NC 27650.

2564. Peoples, Mark B.; Faizah, A.W.; Rerkasem, B.; 
Herridge, D.F. 1989. Methods for evaluating nitrogen 
fi xation by nodulated legumes in the fi eld. ACIAR 
Monograph (Canberra, Australia). No. 11. vii + 76 p. *
• Summary: ACIAR stands for Australian Centre for 
International Agricultural Research. Address: CSIRO 
Division of Plant Industry, GPO Box 1600 Canberra, ACT, 
Australia 2601 and TAC Secretariat, FAO, Via delle Terme 
di Caracalla, 1-0100 Rome, Italy. (Formerly: Australian 
International Agricultural Research, Canberra, ACT, 
Australia).

2565. Campbell, R.; Macdonald, R.M. eds. 1989. Microbial 
inoculation of crop plants. McLean, Virginia: IRL Press 
at Oxford University Press. xi + 118 p. Illust. Index. 
24 cm. Special Publications of the Society for General 
Microbiology, Vol. 25
• Summary: Contents: Preface. Contributors. Abbreviations.
 1. An overview of crop inoculation, by R.M. Macdonald.
 2. An industrial view of microbial inoculants for crop 
plants, by G. Lethbridge
 3. Global importance of Rhizobium as an inoculant. by 
A.R.J. Eaglesham.
 4. Present and future value of mycorrhizal inoculants, by 
D.P. Stribley.
 5. The use of microbial inoculants in the biological 
control of plant diseases. by R. Campbell
 6. The use of plant viruses as inoculants. by R.F. White 
and J.F. Antoniw.
 7. The use of blue-green algae and Azolla in rice culture, 
by B.A. Whitton and P.A. Roger.
 8. The use of engineered and genetically distinct inocula 
on plants, by J.E. Beringer, K.A. Powell and N.J. Poole.
 “Preface: This Special Publication is the result of a 
meeting of the Ecology Group of the Society for General 
Microbiology at the University of Warwick, UK, on 14 
April 1988. The aim was to review the rapidly developing 
subject of microbial inoculants of crop plants in the light of 
an expanding research effort worldwide, recently increased 
interest from commercial companies, and public concern 
over the release of microorganisms into the environment. 
The contributors were asked to briefl y review the history of 
microbial inoculants, then to assess their present importance 
and to speculate on what might happen in the foreseeable 
future. It was hoped that this would enable research and 
development projects to be realistically assessed and directed 
into worthwhile areas.
 “The meeting was largely organized by Rod Macdonald 
who should receive such praise as is due for the content. 
Sadly, ill health forced Rod to retire during the course of 
publication, so editorial errors and omissions should be 
blamed on Richard Campbell.
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 “We would like to thank the then convenor of the 
Ecology Group, Dr J. Gwyn Jones, and members of the 
Committee, for their help and support in arranging the 
meeting on which this special publication is based. We also 
thank Dr D.E.S. Stewart-Tull, Publications Offi cer of the 
Society for General Microbiology, for his help and advice 
in editing the book. Finally, we thank all the contributors 
(especially those who handed in their typescripts on time!) 
for the high standard of their copy which reduced the labour 
of editing.
 “R. Campbell and R.M. Macdonald
 “Past Members of the Ecology Group Committee
 “Co-chairmen of the Meeting.” Address: 1, Dep. of 
Botany, Univ. of Bristol, Bristol BS8 1UG; 2. AFRC Institute 
of Arable Crop Research, Rothamsted Experimental Station, 
Harpenden, Herts AL5 2JQ. Both: UK.

2566. Eaglesham, Allan R.J. 1989. Global importance 
of Rhizobium as an inoculant. In: R. Campbell and R.M. 
Macdonald, eds. 1989. Microbial Inoculation of Crop Plants. 
McLean, Virginia: IRL Press at Oxford University Press. xi + 
118 p. See p. 29-48. Illust. 24 cm. Special Publications of the 
Society for General Microbiology, vol. 25 [42 ref]
• Summary: “Introduction: Although the restorative effects 
of legumes on agricultural soils have been recognized since 
antiquity, until a century ago root nodules were thought to be 
storage organs or of pathological origin. At a meeting of the 
Royal Society almost exactly 100 years ago (May 17, 1888), 
J.B. Lawes, the founder of Rothamsted Experimental Station, 
and J.H. Gilbert, his colleague of many years, presented a 
paper entitled ‘On the present position of the question of 
the sources of nitrogen of vegetation’. They described to 
the British scientifi c establishment the landmark work of H. 
Hellriegel and H. Wilfarth which had been reported a few 
months earlier at a meeting in Germany.
 “The new experiments were made with oats, buckwheat, 
rape, peas, serradella and lupins. The experimental soil was 
a pure sand, entirely free of nitrogen... to which were added 
the necessary mineral constituents. All the plants grew until 
the nitrogen of the seed was used up. Then to each pot a 
small quantity of the turbid watery extract of a surface soil 
was added... containing 0.3 to 0.7 mg nitrogen... Neither 
the oats, rape nor buckwheat showed any effect from the 
addition of the soil extract, but remained in the condition 
of ‘nitrogen hunger’. On the other hand, the Papilionaceae 
after a time recovered from their nitrogen-hunger, suddenly 
became dark green, and then grew luxuriantly... Thus, it may 
be considered established that the Papilionaceae can take the 
whole of their nitrogen from the air.
 “Lawes and Gilbert concluded: It seems natural to 
attribute the action to bacteria, and to connect it with the 
organisms in the nodules.
 “Beijerinck (1888) drew the same conclusion, and 
within months isolated nodule bacteria (designated Bacillus 

radicicola), and satisfi ed Koch’s postulates. In 1895, the 
German scientists F. Nobbe and L. Hiltner, showing latter-
day entrepreneurial acumen, fi led patents for the process 
of inoculating seed with pure cultures of rhizobia. The 
inoculants were marketed under the name `Nitragin’ and 
at fi rst were gelatin-based cultures (to be suspended in 
water); later, jelly, sterile soil and, in the 1920s, peat were 
developed as carriers (Fred et al., 1932). The impetus for 
the development of the inoculant industry was the desire to 
introduce leguminous species to areas where they had not 
been grown before, with immediate success.”
 Page 30: “Appraisal of the impact of rhizobial inoculants 
on legume crop productivity is timely, and a global overview 
rather than a thorough and comprehensive review is 
presented in this chapter. A questionnaire was sent to 70 
countries, to scientists with experience with rhizobia and 
legumes, in order to obtain current information on legumes 
grown and their importance, and on inoculant availability 
and usage. In the hope of encouraging scientists to impart 
information, the questionnaire was restricted to a single 
page, with invitation to comment on additional sheets (Table 
1). Therefore, the potential for accumulation of detailed 
information was compromised by the objective of obtaining 
a general picture.
 “The information is presented below in ten sections 
representing geographical and/or climatic zones. Countries 
from which responses were received are listed for each zone, 
as are grain/vegetable legumes and pasture/forage/green 
manure/fi bre legumes of importance.
 Table 1. Questionnaire on legume cultivation, inoculant 
availability and usage:
 “Name
 “Institution, country or location of expertise
 “Legumes grown there
 “Which are of major importance?
 “Which are ‘traditional’ and which are recently 
introduced?
 “In your experience or opinion (delete as appropriate) 
on which of these legumes will inoculant application usually 
increase yield?
 “In cases where inoculation does not increase yield–why 
not?
 “Are inoculants available to growers? [If ‘yes’ proceed 
to (a), if ‘no’ proceed to (b)].
 \ “(a) Of what type are they (peat-based) and where do 
they originate?
 “What fraction of growers use inoculants?
 “On what legumes?
 “(b) Is there a need to make inoculants available to 
growers? If so, for what legumes?
 “Is peat locally available?
 “Other comments?” Address: Boyce Thompson Inst. of 
Plant Research, Cornell Univ., Ithaca, New York 14853.
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2567. ISCAH (Instituto Superior de Ciencias Agropecuarias 
de la Havana) Video. 1989. La soya–Mito o realidad en la 
agricultura Cubana [The soybean–Myth or reality in Cuban 
agriculture (Color videotape)]. Agricultural College of 
Havana, Cuba: ISCAH. 17 minutes. [Spa]*
• Summary: This fi lm was shown at agricultural 
cooperatives, schools, and ministries; it was not shown on 
television. Some 200,000 tons of soybeans are now being 
imported to Cuba. The rhizobium bacteria on soybean 
roots fi x nitrogen in the soil, thus creating biofertilizer and 
reducing imports of commercial fertilizer. This biofertilizer 
works for both crop rotation and intercropping. Research on 
soybeans is being conducted at INCA (Instituto de Ciencia 
Agricola), the research center for agriculture in Havana, 
under the Ministry of Higher Education.
 In 1986 some 138 co-operatives planted soybeans. These 
were mainly vegetable, dairy, or citrus enterprises located in 
34 principalities in 6 provinces. Some of the soybeans were 
mixed with bagasse from sugar cane for use as animal feeds. 
In Cuba, one quintale (pronounced keen-TAL-ay) = 100 
pounds weight. Sacharina is a type of bagasse which may 
include soya. Soya is called “green gold,” because it requires 
low agricultural inputs, brings much profi t, and is the world’s 
least expensive source of protein. Photos show commercial 
soy products: (1) Taoro, a type of soy sauce (salsa de soya) 
presently made in Cuba. (2) Three fl avors of bottled soymilk, 
which is good for infants allergic to cow’s milk. (3) Soy 
yogurt in 1 liter bottles.
 Some very interesting archival fi lm footage shows 
Fidel Castro speaking on 3 April 1959 at the opening of 
a vegetable oil plant in Cuba. This was the fi rst industrial 
enterprise in Cuba built after the Revolution. After cutting 
the ribbon, Fidel says: “We are going to start preparing the 
way for the planting of soybeans, so that we don’t have to 
import any more from abroad.” The video narrator then adds: 
“After 30 years of this, we think that there are no technical 
limitations to the development of this crop which can today 
prevent us from turning Fidel’s words into reality.” Address: 
Havana, Cuba.

2568. National Academy of Sciences, National Research 
Council, Committee on the Role of Alternative Farming 
Methods in Modern Production Agriculture. 1989. 
Alternative Agriculture. Washington, DC: National Academy 
Press. xiv + 448 p. Illust. 26 cm.
• Summary: Soybeans are mentioned throughout this book: 
Animal feed from, p. 254, 281, 297. Costs of production, p. 
38-39, 200-01, 210, 233, 264, 274. Exemption from cross-
compliance rule, p. 11. Export trends, p. 27, 29, 94. Fertilizer 
use on, p. 38-42, 200-01. Integrated pest management with, 
p. 178, 180, 187, 210. Irrigation of, p. 52-53. Loan rates for, 
p. 75. Soybean meal, p. 94. Monoculture, p. 147. Nitrogen 
fi xation by, p. 146-49. Pesticide use on, p. 5, 38, 44, 47-48, 
83, 101, 175, 200-01. Pests, p. 186. Prices for, p. 237, 238, 

254. Regional differences in farm income from, p. 61-62. 
Rotations with, p. 9, 25, 146, 159, 186, 215, 232, 239-40, 
249, 253-74, 275-85. Specialty markets for, p. 254. Tillage 
of, p. 25, 187. Value of exports, p. 29. Yields, p. 34, 52, 200-
01, 216, 255, 262, 271, 277.
 Chapter 11 (p. 398-419) is an interesting case study 
of “Rice production in California: The Lundberg Family 
Farms.” The farm is located in northern California in 
Richvale, Butte County, about 30 miles southeast of Chico. 
A family partnership owned by four brothers, the farm 
consists of 3,100 acres. The Lundbergs produce about 1,900 
acres of rice each year using largely conventional methods 
that include the use of chemical fertilizers and pesticides, 
but in somewhat less than the recommended amounts. On 
this land they dispose of rice straw by decomposition in the 
soil rather than burning. In addition, they produce about 100 
acres of rice without pesticides or chemical fertilizers. They 
call this their organic rice because the methods they use 
comply with the California organic farming laws. They have 
been experimenting with the production of organic rice for 
18 years. The organic rice enterprise fi rst became profi table 
in 1985 with a yield of 4,400 lb/acre. Rice is grown only 
every other year in a rotation with legume-fallow-legume, 
so the yield is only one-half the measured yield in a given 
year. Includes a bibliography of 8 references. Address: 
Washington, DC.

2569. Ohyama, Takuji; Saito, Keiko; Kato, Naoki. 1989. 
Assimilation and transport of nitrate, nitrite, and ammonia 
absorbed by nodulated soybean plants. Soil Science and 
Plant Nutrition (Tokyo) 35(1):9-20. [18 ref]
• Summary: “It was observed that the 15NH4+ or 15NO3- 
applied was rapidly translocated into the nodules without a 
lag-phase. However when 15NO3- was added, a time-lag was 
observed in the incorporation of 15N into the nodules.
 “The oxidation of nitrite to nitrate was assumed to 
have taken place in the nodules, and the activity was also 
detected in the isolated bacteroid suspension.” Address: Dep. 
of Agricultural Chemistry, Faculty of Agriculture, Niigata 
Univ., Niigata, 950-21 Japan.

2570. Ohyama, Takuji; Saito, K.; Kato, N. 1989. Diurnal 
rhythm in nitrate absorption by roots of soybeans (Glycine 
max). Soil Science and Plant Nutrition (Tokyo) 35(1):33-42. 
[11 ref]
• Summary: “The diurnal rhythm in NO3- absorption by the 
intact soybean roots was investigated by using a continuous 
sampling system of the culture solution. During the day and 
night period, the soybean absorbed NO3- almost linearly 
irrespective of the time or NO3- concentration in the 
medium. The NO3- absorption rate was found to be different 
between the day and night period, and the level in the night 
was about 60-75% of that in the daytime.” Address: Dep. 
of Agricultural Chemistry, Faculty of Agriculture, Niigata 
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Univ., Niigata, 950-21 Japan.

2571. Ohyama, Takuji; Kato, N.; Saito, K. 1989. Nitrogen 
transport in xylem of soybean plant supplied with 15NO3-. 
Soil Science and Plant Nutrition (Tokyo) 35(1):131-37. [8 
ref]
• Summary: “Two distinct processes have been proposed for 
the NO3- transport from soybean roots. When 15NO3- was 
administered to the intact soybean plants, it was observed 
that some part of NO3- was very rapidly assimilated or 
transported after absorption, whereas, another part was 
temporarily stored in the roots and slowly released to the 
shoots when the plants were transferred to the non-labeled 
conditions (Ohyama 1984). This result may suggest that a 
part of NO3- was directly transported after absorption, and 
the other was once incorporated into a large storage pool 
of NO3- (probably vacuoles) and subsequently NO3-was 
released to the xylem at a constant rate.” Address: 1. Dep. 
of Agricultural Chemistry, Niigata Univ., Niigata, 950-21 
Japan.

2572. Singh, O.P.; Srivastava, S.K. eds. 1989. Soybean 
[Soybean]. Sehore, India: Agro-Botanical Publishers. 253 p. 
[Hin]
• Summary: This is the earliest known Hindi-language 
book on the soybean to be published in India. Contents: 
1. Introduction. 2. Prospects for soybean research and 
development in India, by P.S. Bhatnagar (p. 8). 3. Botany 
and physiology, by Mohammad Niyamatulla (p. 14). 4. 
Development of varieties in India, by Hemant Kumar 
Sharma (p. 31). 5. Soil and water management, by Rafi que 
Alam Khan and Jagdish Prasad Dixit (p. 51). 6. Crop 
management, by Amar Singh Chanfel (p. 63). 7. Nitrogen 
fi xation, by Sukhal Namdev (p. 88). 8. Insect control, by 
Om Prakash Singh and Kunwarji Singh (p. 113). 9. Disease 
control, by Shyam Krishna Srivastava and Sudama Chandra 
Agrawal (p. 133). 10. Plant protection measures, by Krishna 
Kumar Nema, Om Prakash Singh, and Shyam Krishna 
Srivastava. 11. Improved agricultural implements, by Nath 
Saranlal Srivastava (p. 186). 12. Seed certifi cation, by 
Surendra Kumar Mehta (p. 198). 13. Soybean food uses and 
utilisation, by Suman Kumar and Yogesh Kumar Sharma (p. 
212). 14. Post rainy season soybean–A new dimension, by 
Satya Prakash Tiwari and Prabhakar (p. 224). Address: 1. 
Soybean entomologist; 2. Soybean pathologist. Both: R.A.K. 
College of Agriculture, SEhore, Madhya Pradesh, India.

2573. Kanayama, Yoshinori; Watanabe, I.; Yamamoto, 
Y. 1990. Inhibition of nitrogen fi xation in soybean plants 
supplied with nitrate. I: Nitrite accumulation and formation 
of nitrosylleghemoglobin in nodules. Plant and Cell 
Physiology (Japan) 31(3):341-46. Jan. 1. [23 ref]
• Summary: “Thus, it is suggested that nitrogen fi xation 
was inhibited primarily by a decrease in the function of 

leghemoglobin, attributable to the formation of LbNO, 
which was caused by the accumulation of nitrite generated 
from nitrate by NR in the nodule cytosol.” Address: Dep. of 
Agronomy, School of Agriculture, Nagoya Univ., Chikusa-
ku, Nagoya, 464-01 Japan.

2574. Kanayama, Yoshinori; Yamamoto, Y. 1990. Inhibition 
of nitrogen fi xation in soybean plants supplied with nitrate. 
III: Kinetics of the formation of nitrosylleghemoglobin and 
of the inhibition of formation of oxyleghemoglobin. Plant 
and Cell Physiology (Japan) 31(5):603-08. Jan. 1. [13 ref]
• Summary: “In order to elucidate the mechanism of 
inhibition, by nitrite, of the formation of oxyleghemoglobin 
(LbO2) and the mechanism of generation of 
nitrosylleghemoglobin (LbNO), kinetic analyses of results 
of measurements of oxygen uptake and spectrophotometric 
assays of leghemoglobin were performed.” Address: Dep. of 
Agronomy, School of Agriculture, Nagoya Univ., Chikusa-
ku, Nagoya, 464-01 Japan.

2575. Kanayama, Yoshinori; Yamamoto, Y. 1990. Effects of 
nitrate on nucleotide levels in soybean nodules. Plant and 
Cell Physiology (Japan) 31(6):893-95. Jan. 1. [24 ref]
• Summary: “In soybean nodules, the ATP level and ATP/
ADP ratio decreased signifi cantly upon the supply of nitrate. 
Inhibition of nitrogen fi xation by nitrate was caused by a 
decrease in oxidative phosphorylation attributable to the 
accumulation of nitrosylleghemoglobin in the presence of 
nitrate. The synthesis of other nucleotides and UDP-sugar 
was also affected.” Address: Dep. of Agronomy, School of 
Agriculture, Nagoya Univ., Chikusa-ku, Nagoya, 464-01 
Japan.

2576. Kanayama, Yoshinori; Yamamoto, Y. 1990. Inhibition 
of nitrogen fi xation in soybean plants supplied with nitrate. 
II: Accumulation and properties of nitrosylleghemoglobin in 
nodules. Plant and Cell Physiology (Japan) 31(2):207-14. 
Jan. 1. [23 ref]
• Summary: “The accumulation of nitrosylleghemoglobin 
(LbNO) in nodules and the properties of LbNO in vitro were 
investigated in connection with the inhibition of nitrogen 
fi xation in soybean nodules by nitrate.
 “The leghemoglobin extracted under argon gas from 
nodules of plants supplied with nitrate consisted mainly of 
LbNO, as judged from the spectrum which corresponded 
to that of LbNO formed in vitro by the reaction of 
leghemoglobin with nitrite in the presence of dithionite or by 
the combination of ferrous leghemoglobin (Lb2+) with nitric 
oxide.” Address: Dep. of Agronomy, School of Agriculture, 
Nagoya Univ., Chikusa-ku, Nagoya, 464-01 Japan.

2577. Gouvernement du Québec, Ministère de l’Agriculture, 
des Pêcheries et de l’Alimentation, Conseil des Productions 
Végétales du Quebec (CPVQ). 1990. Soya culture [Soybean 
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cultivation]. Quebec, Canada. 47 p. AGDEX 141/20. 28 cm. 
[Fre]
• Summary: This French-language booklet about soybean 
production and utilization in Quebec, was compiled by 
a committee of 12 experts. Contents: Introduction: The 
importance of soya, perspectives and the development of 
the market. Preparation of the soil and seedbed prior to 
sowing: The particular needs of soya, soil management, 
reduced working of the soil. Fertilizers: The needs of soya. 
Inoculation: The needs of soya, techniques of inoculation. 
Sowing: Choice of the proper variety/cultivar, seed drills, 
sowing. Harvest, drying and storage. Utilization of soya 
in animal production: Advantages and disadvantages, 
technological treatments applied to whole soybeans, feeding 
of dairy cows, feeding of pigs and sows, feeding of poultry, 
quality of processed soybeans, conclusion.
 Table 1 shows that soybean area in Quebec increased 
from 1,400 ha in 1981, to 12,500 ha in 1988, and an 
estimated 19,000 ha in 1989. Soybean production grew from 
7,200 tonnes in 1985, to 28,600 tonnes, to an estimated 
45,000 tonnes in 1989. Table 2 shows 9 soybean processing 
plants in Quebec; these have a total annual capacity of 
95,000 tonnes. There are no solvent extraction plants. The 
largest plants do extrusion and micronization. Address: 
Quebec.

2578. Purcell, Larry C.; Sinclair, T.R. 1990. Nitrogenase 
activity and nodule gas permeability response to rhizospheric 
NH3 in soybean. Plant Physiology 92(1):268-72. Jan. [19 
ref]
• Summary: “This study was conducted on soybean... 
nodules to determine if exogenous NH3 exerts a controlling 
infl uence over nitrogenase activity through changes in 
nodule gas permeability (P), and if decreasing carbohydrate 
availability, as a result of low-light treatment, increases the 
sensitivity of root nodules to NH3.” Address: USDA, ARS, 
Agronomy Physiology Lab., Univ. of Florida, Gainesville, 
FL 32611.

2579. Anthon, Gordon E.; Emerich, David W. 1990. 
Developmental regulation of enzymes of sucrose and hexose 
metabolism in effective and ineffective soybean nodules. 
Plant Physiology 92(2):346-51. Feb. [28 ref]
• Summary: “Soybean... nodules formed by inoculation 
with either an effective strain or an ineffective (noninvasive, 
nodule-forming) strain of Bradyrhizobium japonicum were 
assayed for changes in developmental patterns of carbon 
metabolic enzymes of the plant nodule cells. Of the enzyme 
activities measured, only sucrose synthase, glutamine 
syntnetase, and alcohol dehydrogenase were altered in 
the ineffective nodules relative to the effective nodules.” 
Address: Dep. of Biochemistry and Interdisciplinary Plant 
Biochemistry and Physiology Group, Univ. of Missouri- 
Columbia, Columbia, Missouri 65211.

2580. Stougaard, Jens; Jorgensen, J.-E.; Christensen, T.; 
Kuehle, A.; Marcker, K.A. 1990. Interdependence and nodule 
specifi city of cis-acting regulatory elements in the soybean 
leghemoglobin lbc3 and N23 gene promoters. Molecular and 
General Genetics 220(3):353-60. Feb. [50 ref]
• Summary: lbc3 is the root nodule-specifi c soybean 
leghemoglobin gene. Address: Dep. of Molecular Biology 
and Plant Physiology, Univ. of Aarhus, C.F. Moellers Allé 
130, DK-8000 Aarhus C, Denmark.

2581. Herridge, David F.; Peoples, Mark B. 1990. Ureide 
assay for measuring nitrogen fi xation by nodulated soybean 
calibrated by 15N methods. Plant Physiology 93(2):495-503. 
June. [31 ref]
• Summary: A straight line graph shows relative ureide 
nitrogen (%) vs. % nitrogen from fi xation. Thus, if we know 
one, we can calculate the other. Address: 1. New South 
Wales Agriculture & Fisheries, Agricultural Research Centre, 
R.M.B. 944, Tamworth, N.S.W., Australia 2340; 2. CSIRO 
Division of Plant Industry, G.P.O. Box 1600 Canberra, 
A.C.T., Australia 2601.

2582. Herridge, David F.; Bergersen, F.J.; Peoples, Mark B. 
1990. Measurements of nitrogen fi xation by soybean in the 
fi eld using the ureide and natural 15N abundance methods. 
Plant Physiology 93(2):708-16. June. [28 ref]
• Summary: An approximately straight line graph shows 
percentage nitrogen fi xed (ureide method) vs. % nitrogen 
fi xed (natural 15N abundance method). Thus, if we know 
one, we can calculate the other. However this approach is 
not as exact as that described in Herridge & Peoples (1990). 
Address: 1. New South Wales Agriculture & Fisheries, 
Agricultural Research Centre, R.M.B. 944, Tamworth, 
N.S.W., Australia 2340; 2-3. CSIRO Division of Plant 
Industry, G.P.O. Box 1600 Canberra, A.C.T., Australia 2601.

2583. Bruulsema, Tom. 1990. Agronomic research on 
soybean conducted during kharif season 1989 and rabi 
season 1990: A report. Bangladesh: MCC Soybean Program. 
51 leaves. July. 29 cm. [5 ref]
• Summary: Contents: Outline: Introduction, comments 
on variety evaluation, weather conditions. Chuadanga 
Kharif season 1989 results: Soybean on-farm variety trials, 
soybean variety trial, soybean variety observation, soybean 
Rhizobium trial, soybean/aus intercropping trial. Rabi season 
1990 results: In Raipur, aripur, and Char Matua. Variety 
evaluation for seed quality. Irrigation experiments 1989-90. 
Acknowledgments.
 This report summarizes the large amount of information 
on soybean varietal seed quality collected over the last 7 
years. “Soybean is currently extended by MCC in both 
the Chuadanga area for Kharif season production and the 
Noakhali area (including Lakshmipur and Comilla districts) 
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for rabi season production. Research for the Noakhali area 
is mainly conducted at MCC’s Raipur research station in 
Lakshmipur district.” Address: MCC Research Agronomist, 
1/1 Block “A” Mohammadpur, Dhaka-1207, Bangladesh. 
Phone: 317065 or 316461.

2584. Chibarie, François; Sabin, Jean-Claude. 1990. 
EuroSoja: Colloque CETIOM; Colloque ONIDOL 
[EuroSoja: CETIOM Symposium and ONIDOL Symposium 
(Brochure)]. Secretariat: 5, blvd. de la Méditerranée, 31400 
Toulouse, France. 4 p. Plus 2 pages of inserts titled EuroSoja 
in French and English. [Fre; Eng]
• Summary: On 5-7 Sept. 1990 a 3-day symposium on “The 
Soybean Chain of Production” will be held in Strasbourg, 
France (near the West German border), at the Palais des 
Congres, sponsored by these two French organizations. 
CETIOM Symposium: The latest agronomic data. Sept. 5: 
Soybean nitrogen balance and the environment. Soybean 
development and phytosanitary risks. Sept. 6: Breeding 
priorities for tomorrow’s soybean. The two symposia 
working jointly. The pressure of the food processing industry 
and the breeding answer to improvements in soybean quality 
for human feeding. Under the chairmanship of Jean-Claude 
Sabin and René Ecochard. CETIOM Symposium Synthesis: 
Emile Chone. Onidol Symposium Synthesis: Jean-Paul 
Jamet. American breeding: Professor Wilcox (USA). Asian 
breeding: Professor Sun Huan (China). European breeding: 
Jean Dayde-Isa Beauvais (France).
 ONIDOL Symposium: Soybean outlets for human 
nutrition. Sept. 5: History of soybeans worldwide and the 
use of soybeans in human food. Under the chairmanship 
of François Chibarie (Chairman of soybean committee 
ONIDOL): M. Martin (A.S.A. Brussels) (USA). P. Maitre 
(Consultant AFISA) (France). Soybean proteins: topics of the 
day. Under the chairmanship of D. Valery-Masson (Former 
chairman GEPV). G. Wermeersch (SOFIPROTEOL) 
(France). A. Uzzan (Scientifi c Consultant GEPV-
RAUC). P. Collin (SAPA) (France). M. Welsby (Protéin 
Technologies International). J.C. Turbant (France Protéine 
Services). Docteur C. Rouaud (SAFRANE). A. Van Hecke 
(EUVEPRO). Sept. 6: Soyfood products (written “Les 
soyfoods–produits du soja” in French). Joint symposium 
(see above). Under the chairmanship of Maurice Rochet 
(President of AFISA, Association Francaise des Industriel 
du Soja): P. Vandemoortele (Alpro) (Belgium). J. de Preneuf 
(Soy) (France). M. Helie. Professor Lecerf (Lille-France). 
Professor Sautier (Paris INSERM-France). Professor 
Gauthier (Nantes-France).
 Interprofessional European Congress. ONIDOL AISO. 
Simultaneous translation into French, Italian, German, and 
English. Under the patronage of the Ministry of Agriculture. 
Organized by oleaginous French and Italian interprofessions. 
Soybean position in EEC context. Short-dated and mid-
dated future. Economic soybean stake in Europe. Address: 

Toulouse, France. Phone: 61 53 81 80.

2585. Hedges, B.R.; Sellner, J.M.; Devine, T.E.; Palmer, 
R.G. 1990. Assigning isocitrate dehydrogenase to linkage 
group 11 in soybean. Crop Science 30(4):940-42. July/Aug. 
[14 ref]
• Summary: “Linkage Group 11 (LG 11) in soybean... 
contains the fasciation locus (F), affecting stem development, 
and a locus (Rj1) regulating nodulation. The objective of 
this study was to add additional genetic markers to LG 11.” 
Address: 1-2. Dep. of Agronomy, Iowa State Univ., Ames, 
Iowa.

2586. Bhatnagar, P.S.; Prabhakar, -; Tiwari, S.P. comp. 
1990. All India Coordinated Research Project on Soybean 
(Indian Council of Agricultural Research). Twenty-fi rst 
annual workshop: Proceedings & Technical Programme. 
National Research Centre for Soybean, Khandwa Road, 
Indore 452 001, India. iii + 88 p. Held at Gobind Ballabh 
Pant University of Agriculture and Technology, Pantnagar, 
Nainital Dist. (Uttar Pradesh), 3-5 May 1990. Index. 27 cm.
• Summary: The papers in this symposium are mainly about 
soybean production, with only one chapter about utilization. 
Address: 1. Director, NRCS and Project Coordinator (AICRP 
on Soybean); 2. Scientist; 3. Scientist (S-3) NRCS, Indore.

2587. Saint-Macary, H.; Beunard, P.; Scaglia, J.A.; 
Hakizimana, A.; Pandzou, J. 1990. Inoculation des 
legumineuses en milieu tropical: recherche-developpement 
et aspects economiques [Inoculation of legumes in tropical 
regions: Research, development, and economic aspects]. In: 
1990. Conference de l’Association Africaine pour la Fixation 
Biologique de l’Azote. Proceedings–4th. 15 p. Held at IITA 
in Ibadan, Nigeria. [Fre]
• Summary: In many countries, legumes are inoculated 
to obtain nitrogen fi xation. However commercial inocula 
are not widely used in tropical countries, and are almost 
never used on plants other than the soybean. There are 
various reasons for this lack of use: lack of effectiveness of 
inocula on many plants, lack of understanding on the part of 
farmers, and poor inoculum quality when it is not properly 
made. These rare statistics from French-speaking Africa 
(Rwanda) show, however, that inoculation is both necessary 
and profi table technique for farmers during the fi rst year of 
soybean cultivation. The problem of reinoculation and its 
effectiveness, which is linked to Rhizobium survival in the 
soil, is discussed on the basis of results from the Republic 
of Congo. These results show that the survival of inoculated 
bacteria is not the problem, but rather that the development 
of an indigenous population of Bradyrhizobium sp. does not 
necessarily justify reinoculation.

2588. Hymowitz, Theodore. 1990. Soybeans: The 
success story. In: Jules Janick and James E. Simon, eds. 
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1990. Advances in New Crops: Proceedings of the First 
National Symposium New Crops: Research, Development, 
Economics. Portland, Oregon: Timber Press. xxii + 560 
p. See p. 159-63. Symposium held 23-26 Oct. 1988 at 
Indianapolis, Indiana. [10 ref]
• Summary: Perhaps the best brief history seen on the 
origin and dissemination of the soybean, its introduction 
to America, and the reasons for its success. Contents: 
Introduction. Paths of dissemination–Old World.
 Paths of dissemination North America (Early Period 
[1765-1859]; James Mease {1804}, Samuel Bowen aided by 
Henry Yonge {1765}, Bowen makes soy sauce, Benjamin 
Franklin {1770}, Thomas Nuttall {1829}, introduction 
of soybeans to Illinois {1851} via Japanese in the barque 
Auckland and Dr. Benjamin Franklin Edwards, John H. 
Lea in Alton, Illinois {1851}, J.J. Jackson in Davenport, 
Iowa {1852}, A.H. Ernst in Cincinnati, Ohio {1852}, 
Commissioner of Patents, Commodore Matthew Perry’s 
Expedition to Japan {1854}).
 Paths of dissemination North America (Middle Period 
[1878-1898]; George H. Cook and James Nielsen of New 
Jersey, McBryde of Tennessee, Sturtevant of Cornell Univ., 
Brooks of Hatch, Massachusetts, Georgeson of Kansas, 
Hellriegel & Wilfarth in Germany (in 1888 they showed 
that legumes fi x nitrogen when nodulated by a certain soil 
microorganism) W.P. Brooks’ experiments in 1893 with 
soybean nodulation (he “reported that soybean yields were 
highest when nodules were most abundant”), USDA’s Offi ce 
of Foreign Seed and Plant Introduction).
 Paths of dissemination North America (Late Period 
[1907-1920]; William J. Morse, Dr. Charles V. Piper, Frank 
N. Meyer, Osborne & Mendel, Garner & Allard, today’s 13 
maturity groups). Success [due to the development of new 
cultivars and the rise of a processing industry]. Summation.
 This paper notes that in 1804 soybeans were planted 
near Dubrovnik, Yugoslavia [Note: Dubrovnic has been in 
Croatia since 1991]. They were “harvested, cooked, mixed 
with cereal grain and then fed to chickens for increased egg 
production.”
 “In 1878, while in Europe, Dr. George H. Cook and 
James Neilson of the New Jersey Agricultural Experiment 
Station obtained soybean seed at the Bavarian Agricultural 
Experiment Station and at the Vienna Exposition. The 
seeds were planted at the College Farm in May 1879 and 
harvested in October. The results were encouraging. This is 
the fi rst report of soybeans having been tested at a land grant 
institution in the United States. Within a short time, soybean 
seeds were introduced from Japan by McBryde (Tennessee), 
Sturtevant (Cornell Univ., New York), Brooks, (Hatch, 
Massachusetts), and Georgeson (Kansas).”
 Tables: (1) USDA soybean germplasm collection and 
number of strains in each group, 1988. The groups and 
number of strains are:
 Public cultivars 454

 FC and PI strains 11,133
 Genetic types (T-lines) 113
 Genetic isolines 457
 Wild soybeans (G. soja) 678
 Perennial Glycine species 522
 The article is dedicated to the memory of the author’s 
friend and colleague Prof. dr. Bogdan Belic [pronounced 
BEL-itch], Novi Sad, Yugoslavia.
 Note: Dr. Hymowitz, in a letter to William Shurtleff of 
Soyfoods Center dated 22 Dec. 1984, states: “A colleague 
of mine [Belic], while meandering through a library in a 
monastery in Yugoslavia, came across an early 1800s citation 
of soybeans in that area. Apparently the beans were brought 
to the Zagreb area by a ship captain from China.”
 Talk with Ted Hymowitz. 1993. April 25. Ted has a 
copy of the 1804 document by Buconjic that mentions 
soybeans being planted near Dubrovnik. It was sent to him 
by his friend and colleague Prof. Dr. Bogdan Belic of Novi 
Sad, Croatia, Yugoslavia. Dr. Belic, who knew that Ted was 
interested in the early history of the soybean, photocopied 
the document and translated that portion which dealt with 
the soybean. Ted does not have an 1826 article by Simic 
that cites the 1804 document by Buconjic. Address: Dep. of 
Agronomy, Univ. of Illinois, Urbana, Illinois.

2589. McDermott, Timothy R.; Graham, P.H. 1990. 
Competitive ability and effi ciency in nodule formation 
of strains of Bradyrhizobium japonicum. Applied and 
Environmental Microbiology 56(10):3035-39. Oct. [32 ref]
• Summary: “In the American Midwest, superior N2-fi xing 
inoculant strains of Bradyrhizobium japonicum consistently 
fail to produce the majority of nodules on the roots of fi eld-
grown soybean. Poor nodulation by inoculant strains is partly 
due to their inability to stay abreast of the expanding soybean 
root system in numbers suffi cient for them to be competitive 
with indigenous bradyrhizobia.”
 “The competitiveness of the nine strains relative 
to B. japonicum USDA 110 was determined by using 
immunofl uorescence to identify nodule occupants.” Address: 
Rhizobium Research Lab., Dep. of Soil Science, Univ. of 
Minnesota, St. Paul, Minnesota 55108.

2590. Burias, N.; Planchon, C. 1990. Increasing soybean 
productivity through selection for nitrogen fi xation. 
Agronomy Journal 82(6):1031-34. Nov/Dec. [33 ref]
• Summary: “The seed yield of the F4 lines was also 
signifi cantly correlated with nodule volume and nodule dry 
weight, particularly at each cross level. High nodulation 
ability and high N, fi xation rates appear to increase soybean 
seed yield. Early breeding for these traits may therefore 
be expected to result in a genetic gain in seed yield in the 
progeny.” Address: Laboratoire d’Amélioration des Plantes, 
Institut National Polytechnique (ENSAT), 145 avenue de 
Muret, 31076 Toulouse cCdex, France.
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2591. Takats, Stephen T. 1990. Early autoregulation of 
symbiotic root nodulation in soybeans. Plant Physiology 
94(3):865-69. Nov [23 ref]
• Summary: “Autoregulation of symbiotic root nodulation 
in soybean seedlings (Glycine max L. Merrill cv Pride 216) 
was studied following double inoculation of primary roots 
with Bradyrhizobium japonicum 110. When the second 
inoculation was given 10 or 17 hours after the fi rst, the 
nodulation in the fi rst-inoculated region of the root was 
suppressed.” Address: Biology Dep., Temple University, 
Philadelphia, Pennsylvania 19122.

2592. Hatam, Mir. 1990. An annotated bibliography of 
soybean research in Pakistan. Faculty of Crop Production 
Sciences, NWFP Agricultural University (Peshawar), 
Agronomy Publication Series No. 2. v + 70 p. Dec. 28 cm. 
[370 ref]
• Summary: In this annotated bibliography, the references 
are arranged by broad subject groups. Contents: Foreword. 
Preface. Acknowledgements. Message to soybean scientists. 
References concerning: Agronomy. Fertilization (and 
fertilizers). Physiology. Inoculation and nitrogen fi xation. 
Breeding. Entomology. Weed control. Pathology. Utilization.
 The earliest reference is from 1949 (Pakistan was 
created in 1947 from parts of British India). There are 15 
references from the 1960s, 44 references from the 1970s, 
and 310 from the 1980s. The main reason interest for interest 
in soybeans in Pakistan derives from the country’s critical 
shortage of edible oils. Address: PhD, Prof. and Chairman, 
Dep. of Agronomy, NWFP Agricultural Univ., Peshawar, 
Pakistan.

2593. van Berkum, Peter. 1990. Evidence for a third uptake 
hydrogenase phenotype among the soybean bradyrhizobia. 
Applied and Environmental Microbiology 56(12):3835-41. 
Dec. [43 ref]
• Summary: “The existence of a hydrogen uptake host-
regulated (Hup-hr) phenotype was established among 
the soybean bradyrhizobia. The Hup-hr phenotype is 
characterized by the expression of uptake hydrogenase 
activity in symbiosis with cowpea but not soybean.” Hup+ 
stands for hydrogenase positive. Address: Nitrogen Fixation 
and Soybean Genetics Lab., Agricultural Research Service, 
USDA, HH-19, Building 011, BARC-West, Beltsville, 
Maryland 20705.

2594. Akhtar, M.; Afghan, S.; Mahmood, T.; Abbas, G. 1990. 
Effect of pre and post emergence weedicides application 
of nodulation, growth and yield of soybean at different 
fertility levels. J. of Agricultural Research (Lahore, Punjab, 
Pakistan) 28(1):29-37. [14 ref. Eng]
• Summary: “Results revealed that pre-emergence 
application of Stomp 330E (3.75 l/ha) and post-emergence 

spray of Fusilade 4E (4 l/ha) gave about 92 percent weed 
control. Stomp 330E was found to be a weak herbicide 
against grasses but more effective against broad leaved 
weeds than Fusilade 4E and vice versa. Root nodulation 
was decreased by the toxic effects of both the weedicides.” 
Address: Dep. of Agronomy, Univ. of Agriculture, 
Faisalabad, Pakistan.

2595. Boddey, R.M.; Urquiaga, S.; Neves, M.C.P.; Suhet, 
A.R.; Peres, J.R. 1990. Quantifi cation of the contribution 
of N2 fi xation to fi eld grown legumes–a strategy for the 
practical application of the 15N isotope dilution technique. 
Soil Biology and Biochemistry 22(5):649-55. [22 ref]
• Summary: “Extrapolating from the small microplots we 
were able to show with a reasonable degree of confi dence 
that soybean obtained between 135 and 155 kg N per ha from 
BNF (biological nitrogen fi xation) in the Rio experiment 
and between 85 and 110 kg N per ha in the conditions of 
Brasilia.”
 Thus, it is estimated that 85-155 kg/ha of nitrogen are 
fi xed in the soil in Brazil. This is 84-87% of total amount 
of nitrogen needed. The measurement technique used is 
isotope dilution difference. Address: 1-3. EMBRAPA-
Centro National de Pesquisa de Biologia do Solo. Km 47, 
Seropédica. Itaguai, 23851. RJ, Brasil.

2596. Pandzou, J.; Beunard, P.; Saint Macary, H. 1990. 
Inoculation du soja (Glycine max [L.] Merrill) au Congo 
[Inoculation of soybeans in the Republic of Congo]. 
Agronomie Tropicale (France) 45(3):199-204. [8 ref. Fre; 
eng; spa]
• Summary: At Loudima, in the Congo, the effects of 
soybean inoculation were evaluated during 3 crop seasons. 
Increases in yield ranged from 25% to 41%. In the Congo, 
the growing need for protein, driven by population growth, 
had led agronomists to envision the introduction of the 
soybean into the cropping system of this country. Since 
1976, this plant has been the object of research at the Center 
for Agronomic Research at Loudima (Centre de recherches 
agronomiques de Loudima). Since 1987 an agricultural 
experimentation project (un projet d’expérimentation 
agronomique–PEA) has had for its goal determination of 
the technical and economic conditions for the creation of a 
mechanized farming system based on a corn-soya rotation 
in the zone of Loudima. Address: 1. Centre de recherches 
agronomiques de Loudima, BP 28, république populaire 
du Congo; 1-3 (currently). CIRAD-IRAT, BP 5035, 34032 
Montpellier Cedex 1, France.

2597. Peoples, Mark B.; Herridge, David F. 1990. Nitrogen 
fi xation by legumes in tropical and subtropical agriculture. 
Advances in Agronomy 44:155-223. [232 ref]
• Summary: “Soils in the humid tropics and subtropics are 
commonly leached, highly weathered, and low in both total 
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and plant-available nitrogen (N). Agricultural systems in 
these regions are subjected to high annual losses of N.”
 In a summary of several studies of nitrogen (N), once 
the amount of N removed in the crop had been allowed for, 
ranged from -74 to +80 kg N per ha for soybeans.
 Soy is mentioned 60 times in this article. Address: 1. 
Australian Centre for International Agricultural Research 
(Project 8800), CSIRO Division of Plant Industry, Canberra, 
A.C.T. 2601, Australia and TAC Secretariat, FAO, Via 
delle Terme di Caracalla, 1-0100 Rome, Italy. (Formerly: 
Australian International Agricultural Research, Canberra, 
ACT, Australia).

2598. Roslyakova, N.V.; Akhmetkalieva, Z.D.; 
Moldabekova, A.N.; Ahigaeva, M.K. 1990. [The infl uence of 
metal salts on nodule bacteria of soya and clover]. Izvestiia 
Akademii Nauk Kazahskoi SSR, Seriya Biologicheskaya 
1990. No. 1. p. 64-67. [5 ref. Rus; kaz]*
Address: Institute of Microbiology and Virusology, Academy 
of Sciences, Kazakhstan.

2599. Sinclair, Martha J.; Eaglesham, A.R.J. 1990. 
Serological diversity of Bradyrhizobium sp. (Vigna) from 
three West African soils. Soil Biology & Biochemistry 
22(1):69-74. [14 ref]
• Summary: Although this article is mostly about cowpeas, 
the soybean is mentioned in Table 1 (p. 70). Address: Boyce 
Thompson Inst. of Plant Research, Cornell Univ., Ithaca, 
New York 14853.

2600. Smartt, J. 1990. Grain legumes: evolution and genetic 
resources. Cambridge, England: Cambridge University Press. 
x + 379 p. Illust. Index. 24 cm.
• Summary: Strictly speaking, grain legumes are those from 
which the seed is used directly for human consumption. 
Legume grain provides a protein-rich source of food which 
is an essential part of the diet in many parts of the tropics, 
particularly where meat is scarce. Grain legumes play 
an important nutritional role in supplying those essential 
amino acids (particularly lysine) that are not present in 
suffi cient quantities in staple cereal crops, so enabling a 
balanced diet to be maintained even in the absence of a high 
intake of animal products. This is particularly important in 
regions, for example parts of southern India, where religious 
practices ensure that a majority of the population are strictly 
vegetarian and grain legumes can provide up to 70% of their 
dietary protein intake.
 Page 28: The section on fermented products notes that 
soy is fermented in Indonesia as a cottage industry, and 
in Japan on an industrial scale to make tempe, soy sauce, 
soybean paste [miso], and natto. The fermenting organisms 
are very useful in breaking down toxic materials (lectins) and 
anti-metabolites (protease inhibitors).
 Extracted [nonfermented] pulse proteins include 

soyabean curd (‘tofu’) and soyabean milk. Textured 
vegetable proteins (TVP) can be made from the residue of oil 
extraction.
 “1.4–The future for legumes as protein. Since the 
publication of the joint FAO-WHO report (1973) in which 
estimates of minimum protein requirements for adequate 
nutrition were drastically revised downwards, there has been 
a tendency to consider that it is suffi cient to ensure adequacy 
of carbohydrate food supplies and that proteins will take care 
of themselves.” Protein is now much less of a burning issue 
than it was prior to 1973 (Payne 1978).
 In Chapter 7, “The other oilseed legumes,” is a section 
on the soyabean (p. 246-57) followed by a section on the 
winged bean (p. 258-61, containing a nice illustrations 
of all the main parts of a winged bean, from Verdcourt 
and Halliday 1978). Address: Dep. of Biology, Univ. of 
Southampton, UK.

2601. Stoorvogel, J.J.; Smaling, E.M.A. 1990. Assessment of 
the soil nutrient depletion in sub-Saharan Africa, 1983-2000. 
Volume I: Main report. Rep. No. 28. Winand Staring Centre, 
Wageningen, The Netherlands. 134 p. Illust. 30 cm. http://
edepot.wur.nl/305170 [138 ref]
• Summary: This is the earliest known study of nutrient 
balances on smallholder farming systems in Africa 
(Vanlauwe & Giller 2006, p. 25).
 There are a total of 4 reports each with the same title but 
with different subtitles.
 “Abstract: On request of FAO a methodology was 
developed to assess the state of soil nutrient depletion 
under agriculture in Sub-Saharan Africa for 1983 and the 
year 2000. The nutrient balance is described with fi ve input 
and fi ve output factors, which result in a nutrient loss rate. 
Production fi gures and data on fertilizer consumption for 
1983 and projections for the year 2000 were provided by 
FAO. Data on nutrient balances as well as additional country 
information were collected from the literature. Nutrient 
depletion rates for Sub-Saharan Africa are approximately 20 
kg nitrogen (N), 10 kg potassium peroxide (P2O2) and 20 kg 
potassium oxide (K2O) per ha on average up to a maximum 
of 40 kg N, 20 kg P2O2 and 40 kg K2O per ha in East 
Africa.”
 Soy is mentioned only 4 times in this volume. Address: 
Wageningen, Netherlands.

2602. Sangwan, Indu; O’Brian, Mark R. 1991. Evidence for 
an inter-organismic heme biosynthetic pathway in symbiotic 
soybean root nodules. Science 251(4998):1220-22. March 8. 
[17 ref]
• Summary: “The successful symbiosis of soybean with 
Bradyrhizobium japonicum depends on their complex 
interactions, culminating in the development and 
maintenance of root nodules. A B. japonicum mutant 
defective in heme synthesis in culture was able to produce 
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heme as a result of its symbiotic association with the soybean 
host. The bacterial mutant was incapable of synthesizing the 
committed heme precursor 8-aminolevulinic acid (ALA), but 
nodule plant cells formed ALA from glutamate”. Address: 
Dep. of Biochemistry, State Univ. of New York at Buffalo, 
Buffalo New York 14214.

2603. Pennisi, E. 1991. Intimate chemistry of a symbiotic 
odd couple. Science News 139(10):151. March 9. [1 ref]
• Summary: Soybeans have a symbiotic relationship with 
Bradyrhizobium japonicum, nitrogen-fi xing bacteria that 
live in the soybean root nodules. They seem to share in 
the making of a vital molecule called heme in the soybean 
nodules. The bacteria cannot make heme on their own. To 
fi x nitrogen, the bacteria need lots energy and oxygen–and 
hence lots of heme. They use the heme molecule to make 
energy-generating proteins called cytochromes. Nodules 
contain a rich supply of heme, which tints the nodule interior 
red and helps transports oxygen. Scientists have long 
wondered where all this heme originates.
 This is the work of Indu Sangwan and Mark R. O’Brian 
from the State University of New York at Buffalo. Their 
research appeared in the March 8 issue of Science.
 Biochemist Winston J. Brill notes: “It’s the only 
example I know of where a higher organism supplies an 
intermediate product in a pathway of another organism.”

2604. Dakora, Felix D.; Appleby, C.A.; Atkins, C.A. 1991. 
Effect of pO2 on the formation and status of leghemoglobin 
in nodules of cowpea and soybean. Plant Physiology 
95(3):723-30. March, [30 ref]
• Summary: “At the extremes of sub- and supra-ambient 
pO2, the levels of leghemoglobin (Lb) in nodules were 
reduced. However, neither the proportional composition of 
Lb component proteins (eight in soybean, three in cowpea) 
nor their oxidation state was affected by pO2.” Address: 
1&3. Botany Dep., Univ. of Western Australia, Nedlands WA 
6009, Australia.

2605. Messina, Mark; Barnes, Stephen. 1991. The role of soy 
products in reducing risk of cancer: Commentary. J. of the 
National Cancer Institute 83(8):541-46. April 17. [83 ref]
• Summary: Contents: Introduction. Isofl avones in cancer 
prevention. Protease inhibitors. Phytosterols and saponins. 
Inositol hexaphosphate [phytic acid]. Phytochemical 
variation. Isofl avones in plant physiology. Soybean 
processing. Discussion.
 This is the report of a workshop held June 26-27, 
1990, at the Guest Quarters Hotel in Bethesda, Maryland. 
Workshop members were Donna Baird, National Institute 
of Environmental Health Sciences, Research Triangle Park, 
North Carolina; Stephen Barnes, University of Alabama at 
Birmingham, Birmingham, Alabama; David L. Brandon, 
Western Regional Research Center, USDA, Albany, 

California; James A. Duke, Agricultural Research Service, 
USDA, Beltsville, Maryland; Ernst Graf, The Pillsbury 
Co., Minneapolis, Minnesota; Ann R. Kennedy, University 
of Pennsylvania Medical School, Philadelphia; Renee M. 
Kosslak, Iowa State University, Ames; Irvin E. Liener, 
University of Minnesota, St. Paul; Mark Messina, National 
Cancer Institute, Bethesda, Maryland; Frank L. Meyskens, 
University of California, Irvine, California; A. Venket Rao, 
University of Toronto, Ontario, Canada; Kenneth D.R. 
Setchell, Children’s Hospital, Cincinnati, Ohio; Bernie F. 
Szuhaj, Central Soya, Fort Wayne, Indiana.
 “Since the initial recognition that diet plays a role in 
the etiology of certain cancers, particularly cancers of the 
breast and colon, considerable progress has been made in 
identifying dietary patterns associated with cancer risk. 
There is general agreement that a high-fat, low-fi ber diet, 
like that consumed by much of the industrialized world, 
increases cancer risk and that plant-based diets, rich in whole 
grains, legumes, and fruits and vegetables, are protective...
 “The recent workshop on The Role of Soy Products 
in Cancer Prevention, sponsored by the National Cancer 
Institute, had two objectives: (1) to evaluate the role of 
soybeans, food products derived from soybeans, and specifi c 
components of soybeans in the dietary prevention of cancer 
and (2) to recommend research initiatives and approaches 
for further studies of the effect of soy intake on human 
cancer risk. The meeting was chaired by Stephen Barnes and 
organized by Mark Messina.”
 Concerning isofl avones in cancer prevention: “Setchell 
concluded his presentation with a reminder (a) that all 
weak estrogens also have antiestrogenic activity; (b) that 
tamoxifen, which has been used therapeutically for breast 
cancer, is structurally related to some of the phytoestrogens; 
and (c) that vegetarians, who may have a lower risk of 
certain cancers, excrete higher levels of phytoestrogens.” 
Mentions “soy molasses, a concentrate of the aqueous 
alcohol extract of soy fl our” (p. 542).
 Concerning phytosterols and saponins: “A. Venket Rao 
presented evidence for the reduction of colon cancer by 
phytosterols and saponins. Both substances are common 
constituents of plants, but the concentration in soybeans is 
particularly high... Rao said that while nutritional interest in 
phytosterols and saponins has focused on their cholesterol-
lowering properties, some data suggest that these compounds 
may be anticarcinogens.
 “Ernst Graf discussed the rationale for the hypothesis 
in which inositol 1,2,3,4,5,6- hexaphosphate (IP6), not fi ber, 
is postulated to be responsible for the inverse correlation 
between the incidence of colon cancer and the consumption 
of fi ber-rich foods. Soybeans are an especially rich source, 
containing about 1.4% on a dry weight basis. This compound 
is well known to inhibit mineral absorption. It forms tight 
chelates with a variety of polyvalent metals such as calcium, 
zinc, and iron.” However Graf noted that the ability to bind 
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metal ions, particularly iron, may provide the basis for the 
anticarcinogenic effects of this compound. The iron may be 
a key factor, via the Haber-Weiss reaction, in the production 
of hydroxyl radicals, which are postulated to play a role in 
causing some cancers.
 James Duke discussed phytochemical variation 
in soybeans, noting that the isofl avone content varies 
tremendously according to the plant part, variety, year 
harvested, and geographic location. In addition, as much as 
fi vefold variation was found among different phenolic acids 
in soybeans, many of which have also been investigated as 
potential anticarcinogens.
 Renee Kosslak noted that isofl avones play a role in 
plant physiology and survival. The isofl avones daidzein 
and genistein are the major inducers of the nodulation 
genes in Bradyrhizobium bacteria, which form nodules on 
soybeans. Kosslak suggested that if future research shows 
isofl avones and/or phytoestrogens to be important dietary 
factors in cancer prevention and if the demand for soyfoods 
materializes, it may be possible to manipulate levels of these 
compounds in soybeans, using root fl uorescence as a marker.
 “The consensus of the meeting was that there are 
suffi cient data to justify studying the impact of soybean 
intake on cancer risk in humans. There were three workshop 
recommendations. First, future dietary studies involving 
soybeans should be carried out using soy products rather 
than isolated compounds, since soybeans appear to contain 
several potential anticarcinogens... Second, standardized 
and improved analytical methods are needed so that the 
contents of all soy-based materials employed in soybean 
research, whether soybean fractions or soy products, can 
be accurately described. This methodology will allow for 
valid comparisons among studies. Third, basic research on 
the absorption, metabolism, and physiology of potential 
anticarcinogens in humans should be conducted. This 
research will likely help to determine the clinical relevancy 
of these compounds and to provide a basis for selecting 
specifi c soy products for use in future dietary studies.”
 Note 1. This is the earliest English-language document 
seen (April 2005) that contains the term “soy molasses.” 
Letter (e-mail) from Daniel Chajuss. 2004. April 15. The 
soy molasses used in this experiment was obtained from 
Central Soya, many years after Central Soya bought the soy 
protein concentrate and soy molasses plant from Aarhus 
Oliefabrik A/S, Aarhus, Denmark–a plant that Hayes General 
Engineering had designed and had given a license to use to 
Aarhus Oliefabriek together with the name “soy molasses.” 
Letter (e-mail) from Mark Messina. 2005. April 18. Stephen 
Barnes was the source of the term “soy molasses” in this 
paper, not Mark.
 Note 2. Note: This is the earliest document seen 
(Feb. 2018) that contains the word “phytochemical” (or 
“phytochemicals”).
 2018 Feb. 5 letter (e-mail) from Mark Messina. “I 

just searched PubMed and you see articles mentioning 
phyochemicals in the 1950s. This term never made any 
sense nutritionally. I think phytochemical was a term the 
plant scientists used for decades, like the term secondary 
metabolites. That word started to be used in nutrition circles 
in the late 1980s to refer to biologically active non-nutrient 
compounds in plants, like the glucosinolates in cruciferous 
vegetables. Before that, nutritionists only focused on 
fi ber and nutrients. But of course caffeine is a well known 
phytochemical. I think a more interesting word related to 
this whole new way of thinking is nutraceutical. I believe 
that word was coined by Stephen L. DeFelice.” Address: 
1. Diet and Cancer Branch, Div. of Cancer Prevention and 
Control, National Cancer Inst., 9000 Rockville Pike, Bldg. 
EPN–Room 212C, Bethesda, Maryland 20892; 2. Univ. of 
Alabama at Birmingham, Birmingham, Alabama. Phone: 
301-496-8573.

2606. Israel, D.W. 1991. Biochemical and physiological 
regulation of nitrogen metabolism in soybeans. In: Richard 
F. Wilson, ed. 1991. Designing Value-Added Soybeans for 
Markets of the Future. vi + 135 p. See p. 69-79. [25 ref]
• Summary: “Abstract: Nitrate or atmospheric nitrogen 
may serve as the nitrogen source for protein synthesis 
in soybean seed. These compounds are assimilated and 
transported in the plant by different processes. Nitrite is 
reduced to ammonia in root tissues or in leaves by action 
of two reductases. Atmospheric nitrogen is converted to 
ammonia by nitrogenases in root nodules. Ammonia from 
either nitrate or nitrogen gas is assimilated into amino 
acids which are transported throughout the plant for protein 
synthesis. Glutamine and asparagine account for 75% of 
the nitrogen transported as amino acid. These substrates 
for protein synthesis may be transported directly to seed or 
indirectly via mobilization of nitrogen from protein stored 
in vegetative tissues. Although seed protein accumulation 
is supported equally well by nitrogen from nitrate or 
atmospheric nitrogen, genetic differences among soybean 
cultivars effect the contribution of each nitrogen source to 
seed protein synthesis. In addition, differences in symbiotic 
nitrogen-fi xation effi ciency among strains of Bradyrhizobium 
japonicum also infl uence nitrogen accumulation in 
reproductive tissues. Therefore, a knowledge base on how 
nitrogen metabolism is affected by interactions between plant 
cultivar, microsymbiont strain and environmental factors 
is fundamentally important for breeding efforts to enhance 
protein content of soybean.” Address: USDA Agricultural 
Research Service, Raleigh, North Carolina 27695.

2607. Hung, A.T.; Cheng, J.H.; Ma, C.H.; Kobayashi, 
H. 1991. Effect of fertilizer management and rhizobia 
inoculation on yield and quality of vegetable soybean. In: S. 
Shanmugasundaram, ed. 1991. Vegetable Soybean: Research 
Needs for Production and Quality Improvement. Taipei, 
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Taiwan: Asian Vegetable Research and Development Center 
(AVRDC). 151 p. See p. 73-84. Proceedings of a workshop 
held at Kenting, Taiwan 29 April–2 May 1991. [3 ref]
• Summary: Contents: Abstract. Introduction. Materials 
and methods. Results and discussion: Effects of fertilizer 
application rate on yield. Effects of fertilizer application time 
on yield. Effects of different organic fertilizers on yield and 
graded pod ratio. Effects of different organic fertilizers on 
quality. Relations of soil properties with quality. Effects of 
rhizobia and nitrogen on nodule number. Investigations on 
graded pod yield, fertilizer, and profi t increase by rhizobia 
inoculation. Address: 1-2. Crop Environmental Improvement 
Div., District Agricultural Improvement Station, Kaohsiung, 
Taiwan; 3-4. AVRDC, P.O. Box 42, Shanhua, Tainan 74199, 
Taiwan.

2608. Conkling, B.L.; Blanchar, R.W.; Niblack, T.L. 1991. 
Effects of foliar and soil acidity on the rhizosphere pH of 
alfalfa, corn, and soybean. J. of Environmental Quality 
20(2):381-86. April/June. [25 ref]
• Summary: The acidity of rainfall and its effects on soil and 
plants is a growing concern.
 Note: It is not clear whether or not these soybeans were 
grown in Nevada. Address: 1. Environmental Resource 
Center, Univ. of Nevada; 2. School of Natural Resources, 
Univ. of Missouri, Columbia, MO; 3. Dep. of Plant 
Pathology, Univ. of Missouri, Columbia, MO.

2609. La Favre, A.K.; Sinclair, M.J.; La Favre, J.S.; 
Eaglesham, A.R.J. 1991. Bradyrhizobium japonicum native 
to tropical soils; novel sources of strains for inoculants 
for U.S.-type soya bean. Tropical Agriculture (Trinidad) 
68(3):243-248. July. [31 ref]
• Summary: Rhizobial isolates from soybean nodules grown 
at three west African locations (Ibadan and Onne in Nigeria, 
and Maradi in Niger) were examined for colony morphology, 
serological reactivity, symbiotic effectiveness, and tolerance 
of environmental stress. Different proportions of two 
rhizobial colony types, designated ‘wet’ and ‘dry’ (based 
on serological properties) were found at each location. The 
‘wet’ strains of tropical rhizobia show great potential for use 
as soybean inoculants in Africa. The ‘wet’ strains were more 
tolerant of the presence of antibiotics and of salinity.
 The results show that, although they are few in number, 
rhizobia that are effective with U.S.-bred soybean cultivars 
(e.g. Wilkin) do exist in west African soils and offer a 
useful new resource of germplasm for inoculants in tropical 
environments. However of the rhizobia found at the three 
locations, “those able to nodulate Asian-type lines are many-
fold in excess of those able to nodulate US-type lines.”
 In Niger, the soybeans were grown at Maradi, in the 
Sahelian zone (13ºN, 7ºE; annual rainfall 600 mm; soil pH 
6.1). Maradi strains of rhizobia were mainly ‘dry.’ Address: 
Boyce Thompson Inst., Cornell Univ., Ithaca, New York 

14853; 4. Agrobios, 55 Jonia 106, 75010 Metaponto, Italy.

2610. Thompson, J.A.; Bhromsiri, A.; Shutsrirung, A.; 
Lillakan, S. 1991. Native root-nodule bacteria of traditional 
soybean-growing areas of Northern Thailand. Plant and Soil 
135(1):53-65. Aug. [26 ref]
• Summary: Soybeans are a traditional crop in northern 
Thailand, where they “are grown in both wet and cool-dry 
(irrigated) seasons. Local cultivars, often blackseeded, are 
still grown in Thailand, but adapted varieties, based on 
Japanese and Taiwanese germplasm, now predominate (Na 
Lampang 1982). In Northern Thailand nodulation occurs 
naturally (Shin Han Kwon, 1979; Na Lampang, 1976).”
 “... 586 of the isolates were tested with a range of 
soybean hosts and one cowpea host. The results indicated:
 “(a) a very high level of infectiveness, with only one 
isolate failing to nodulate one host, and 95% forming >20 
nodules per plant;
 “(b) a high level of effectiveness of fi xation of nitrogen 
by the local rhizobium populations with soybeans;
 “(c) evidence of selection of effective strains by both 
soybean and cowpea hosts in the fi eld;
 “These results strongly suggest that there is no need 
for selection of soybean germplasm for compatibility with 
the local rhizobium populations.” Address: 1. 85 Upper 
Street, Tamworth (formerly Agricultural Research Centre, 
Tamworth, NSW, Australia); 2-4. Department of Soil Science 
and Conservation, University of Chiang Mai, Chiang Mai, 
Thailand.

2611. Warmbrodt, Robert D. 1991. Biotechnology, nitrogen 
fi xation, January 1985-May 1991. Beltsville, Maryland: U.S. 
Dept. of Agriculture, National Agricultural Library. 88 p. 
Aug. Quick Bibliography Series: QB 91-139. [509 ref]
• Summary: “509 Citations from Agricola.”
 Note: Soybeans (or soybean) are mentioned on 28 pages 
in this bibliography. Address: Biotechnology Information 
Center.

2612. Halverson, Larry J.; Handelsman, Jo. 1991. 
Enhancement of soybean nodulation by Bacillus cereus 
UW85 in the fi eld and in a growth chamber. Applied and 
Environmental Microbiology 57(9):2767-70. Sept. [25 ref]
• Summary: The writers “previously described Bacillus 
cereus UW85, a bacterium that suppresses Phytophthora 
damping-off of alfalfa seedlings in the laboratory and in the 
fi eld (7, 8). While conducting fi eld experiments to examine 
the ability of UW85 to colonize the rhizosphere of soybeans, 
we observed that UW85 seed treatments increased soybean 
nodulation.”
 In this experiment: “Seed treatments with Bacillus 
cereus UW85 increased nodulation of soybeans in three 
fi eld seasons and in three different sterilized soils in the 
growth chamber. In the fi eld, 28 and 35 days after planting, 
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UW85-treated plants had 31 to 133% more nodules than 
untreated plants.” Address: Dep. of Plant Pathology and Inst. 
for Environmental Studies, Univ. of Wisconsin-Madison, 
Madison, Wisconsin 53706.

2613. Wu, S.; Harper, J.E. 1991. Dinitrogen fi xation potential 
and yield of hypernodulating soybean mutants: a fi eld 
evaluation. Crop Science 31(5):1233-40. Sept/Oct. [21 ref]
• Summary: “Nitrate appears to be the primary factor 
controlling N2 fi xation by soybean in the U.S. Midwest 
(11). Initiation of N2 fi xation is delayed if residual soil N is 
available (10).”
 “The results indicate that these hypernodulating mutants 
are currently inferior to Williams from an agronomic 
standpoint.” Address: 1. Dep. of Agronomy; 2. USDA-ARS, 
Plant Physiology and Genetics Research, Univ. of Illinois, 
1201 W. Gregory, Urbana, IL 61801.

2614. Mattei, G.E. 1991. La soja ed i suoi prodotti [The 
soybean and its products]. Giornale della Soia (Il) (Italy) 
7(8):11-16. Nov. [Ita]
• Summary: Contents: Brief history of the soybean. History 
of its taxonomic classifi cation. Botanical description of 
the wild and domestic soybean. Varieties. Introduction of 
the soybean to Europe (especially France and Italy). The 
question of the root nodule bacteria.
 Note: This is a reprint of the 1919 classic article 
published in the Bollettino di Studi ed Informazioni del Regio 
Giardino Coloniale di Palermo. It contains one of the best 
histories seen to date of the soybean in Italy.
 Photos (not in the original 1919 edition) show: (1) 
Close-up of soy bean pods. (2) Soybean sprouts in a bowl. 
(3) Soy bean plant leaves. (4) Soy bean pods on stem. 
Address: R. Orto botanico di Palermo, Italy.

2615. Atkins, C.A. 1991. Ammonia assimilation and export 
of nitrogen from the legume nodule. In: M.J. Dilworth 
& A.R. Glenn, eds. 1991. Biology and Biochemistry of 
Nitrogen Fixation. Amsterdam: Elsevier Science Publishers. 
vii + 438 p. See p. 293-319. Illust. Index. 25 cm. Series: 
Studies in Plant Science, No. 1. *

2616. Ohyama, T.; Takahashi, Y.; Chinushi, T.; Nakano, 
T. 1991. Evaluation of N2 fi xation activity and nitrogen 
absorption rate in fi eld grown soybean plants by simple 
relative ureide method. Nogyo oyobi Engei (Agriculture and 
Horticulture) 67:1157-64. [Jap; eng]*
Address: Japan.

2617. Product Name:  Soymilk (in Glass Milk Bottle).
Manufacturer’s Name:  Soy City Foods.
Manufacturer’s Address:  2849 Dundas St. W., Toronto, 
ONT, M6P 1Y6, Canada.
Date of Introduction:  1991.

Wt/Vol., Packaging, Price:  Bottle.
New Product–Documentation:  Interview with Jon Cloud 
of Soy City Foods. 1991. Jan. 28. His company will soon be 
launching a soymilk sold in recyclable milk bottles. He never 
went with Tetra Pak because he didn’t like their cartons. He 
will send a label when it comes out.
 He is now working closely with the government to 
develop soybeans that are free of trypsin. He wants to 
develop better testing procedures. He found that the better 
the soybean nodulation, the lower the trypsin inhibitor 
content of the beans.

2618. Alibekova, Sh.B.; Bakenov, K.Z.; Mamilov, Sh.Z. 
1991. [Effectiveness of inoculation with different strains 
of nodule bacteria under conditions of irrigated meadow-
serozem soils of the Tas-Otkel massif]. Izvestiia Akademii 
Nauk Kazakhskoi SSR, Seria Biologicheskaya 1991. No.3. p. 
67-69. [Rus; kaz; eng]*
Address: Institute of Soil Science, Alma-Ata, Kazakh SSR.

2619. Bray, Francesca. 1991. Essential techniques for the 
peasantry: An annotated translation of the 6th century 
Chinese agricultural treatise Ch’i Min Yao Shu. Unpublished 
draft copy. *
• Summary: Information on soybeans is given in the 
section on legumes. The many kinds of legumes are known 
collectively as shu. “Legumes belong to the family of 
Leguminosae (one of the largest families of fl owering plants) 
and to the sub-family Papilionoideae; they are identifi ed as 
having a fruit formed by a single carpel and dehiscent by 
both ventral and dorsal sutures so as to separate into two 
valves.” Peas, beans, lentils, and peanuts are all legumes.
 “It is interesting that while legumes were among the 
earliest plants to be domesticated in West Asia and the 
Americas, there is no fi rm evidence that legumes were 
cultivated in China in prehistoric times, even though several 
species are native to China, and even though legumes played 
a very important role in Chinese agriculture from the late 
Chou onwards. Though remains of leguminous species have 
been found in one or two Chinese Neolithic sites, they have 
been identifi ed as broad beans (Vicia faba) and groundnuts 
(Arachis hypogaea); since the former is believed to have 
been introduced to China from West Asia in Han times and 
the latter is a native American species, the authenticity of 
these identifi cations is doubtful, to say the least.
 “There are apparently no references to legumes in the 
Shang oracle records, and the earliest uncontested evidence 
for the cultivation of leguminous plants in China is found 
in Chou bronze inscriptions and in the Shih Ching. Both 
these sources refer to a crop called shu, and the early form 
of the character clearly depicts the nodules on the roots 
of the plants. The term shu, though also used to refer to 
legumes in general, is primarily associated with the soybean 
Glycine max (L.) Merrill, and its presence in these writings 
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is usually taken to signify the domestication of this crop. In 
later lexicographical texts the term shu is usually qualifi ed 
when soybeans are referred to jung shu, jen shu and ta shu 
are mentioned, and this does suggest that even in pre-Han 
times shu was used as a generic term for legumes rather than 
a specifi c term for soybeans. The modern term for soybean 
is ta tou, ‘greater bean’, a term which fi rst appears in the 
1st century Fan Sheng-Chih Shu. In classical times the term 
tou was applied only to a type of ‘wooden vessel or dish for 
containing fl esh sauces at sacrifi ces or feasts’, but by Han 
times it seems that it was also used as a general term for 
pulse crops, as it still is today.
 “Whether or not the unqualifi ed term shu in early texts 
and inscriptions should be understood to refer to soybeans 
or to legumes in general, there is no doubt that the soybean 
was domesticated in China some time around the beginning 
of the Chou, for texts describing 7th century events refer to 
soybeans (jung shu) as novel introductions to the Central 
States, whereas by the time of Mencius they had already 
become a staple food of the common people. The presumed 
wild ancestor of the soybean, Glycine ussuriensis Regel 
& Maack or G. Soja L., is native to Northeast China and 
adjacent areas of Manchuria, Korea and Japan, and it may 
be signifi cant that the cultivated soybean was called jung 
shu, for Jung was the name commonly given to the Tungusic 
tribes of Northeast China in Chou times. The Kuan Tzu states 
that in the 7th century Duke Huan of Ch’i led an expedition 
to the territory of the Mountain Jung and brought back 
‘winter onions and soybeans (jung shu) for dissemination 
throughout the various states.’ An alternative gloss of jung 
and of its (then) homophone jen is that it simply meant 
‘large, luxuriant’, for the soybean is a large, bushy plant 
growing up to 6 feet tall; its modern name of ta tou is 
attributable to its habit, and not to the size of its beans which 
are only about as big as a lentil.
 “The soybean’s rapid conquest of Chou China is a 
tribute to its superior qualities, qualities so outstanding that 
they frequently provoke outbursts of surprising lyricism 
in modern writers: ‘that miracle, that noblest of crops, that 
wondrous plant, the soybean’. The ancient Chinese were 
distinctly more moderate in their praise: for them soybeans 
were simply ‘one sort of legume’. However, we may pardon 
their reserve when we remember that without the benefi ts 
of modern nutritional analysis the Chinese were unaware 
of many of the qualities for which soybeans are most 
appreciated today... As far as the Chinese were concerned, 
the chief virtues of the soybean were that it produced good 
crops even on poor land, that it did not deplete the soil, and 
that it guaranteed good yields even in poor years, so that it 
made a useful famine crop. Soybeans, it was claimed, could 
be relied upon to yield between 5 and 10 bushels a mu, three 
or four times the yield from millet, and the Fan Sheng-Chih 
Shu says that in former times it was customary for peasants 
to plant 5 mu a head of soybeans to guard against famine. So 

soybeans were certainly useful, and they were widely grown 
in China from Chou times on, but they were not held in high 
esteem for their gastronomic qualities. When the irrigation 
works broke down in Ju-nan (modern Anhwei) in the 1st 
century, the local people composed a song complaining that 
all they had to eat was soybeans and yams, and in the 14th 
century Wang Chen writes: ‘Black soybeans are a food for 
times of dearth; they can supplement [cereals] in poor years, 
and in good years they can be used as fodder for cattle and 
horses.’
 “There were, however, several kinds of soybeans, 
and although some were thought to be fi t only for fodder 
except in times of famine, others were considered to make 
wholesome porridges and gruels. But the form in which 
the Chinese most appreciated the soybean was fermented, 
made into sauces (chiang), relishes (shih) or beancurd (tou 
fu). These were generally made from the yellow variety 
of soybeans. The various fermentation processes were 
discovered quite early. Chiang is mentioned in the Lun Yû 
and was produced on a large scale in Han times, as was shih; 
the earliest beancurd is reported to have been made in the 
Han. We shall not dwell on soybean products here, as they 
are treated at length in section 40; suffi ce it to say that as 
well as improving the soybean’s palatability immeasurably, 
the various fermentation processes also considerably 
improve its nutritional qualities.”
 “The term hsiao tou can probably be identifi ed with the 
adzuki bean, Phaseolus angularis (Willd.) Wight, which is 
native to China and Japan.”
 Note: Dr. H.T. Huang, expert on the history of Chinese 
food and agriculture, says (4/91) she is at UCLA in the Dept. 
of Anthropology. The book has not yet been published.

2620. CETIOM (Centre Technique Interprofessionnel des 
Oleagineux Metropolitains). 1991. La culture du soja: Guide 
cultural 1991 [The cultivation of soybeans: Cultural guide 
for 1991]. 17, rue de Fleurance, 31400 Toulouse, France. 26 
p. Full color. 30 cm. [Fre]
• Summary: Contents: Soya in France and in Europe. 
Varieties: A vast choice, performance of individual varieties 
by region. Preparation of the soil. Planting. Inoculation. 
Protection of the seeds. Fertilizers. Herbicides. Irrigation. 
Diseases. Insect pests. Harvest. Catalog of publications.
 In 1990, Italy produced 82% of the 1,831,000 tonnes 
of soybeans grown in Europe, France produced 15%, and 
other countries produced 3%. In France, the main soybean 
producing provinces are in the southwest and east central 
areas. 14 provinces grow more than 4,000 ha and 3 other 
provinces grow 2,000 to 4,000 ha. Address: Toulouse, 
France.

2621. Giller, Ken E.; Wilson, Kate J. 1991. Nitrogen fi xation 
in tropical cropping systems. 1st ed. Wallingford, England: 
CABI Publ. xii + 313 p. Illust. Index. 24 cm. 2nd ed. 2001. 
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3rd ed. 2011. [1019 ref]
• Summary:  See next page. A superb book, which clearly 
explains the complexities of biological nitrogen fi xation and 
has an excellent, comprehensive and clear bibliography.
 Contents: Preface. Acknowledgements. Abbreviations
 Part I: Introduction. 1. Tropical Environments: Climates, 
Soils and Cropping Systems. 2. Nitrogen-fi xing Organisms 
in the Tropics. 3. The Process of Nitrogen-fi xation. 4. 
Assessment of the Role of Nitrogen-fi xation.
 Part II: Tropical Crops and Cropping Systems. 5. 
Cereal Crops and Grasses: Free-living and Root Associated 
Nitrogen-fi xing Bacteria. 6. Wetland Rice: Cyanobacteria, 
Azolla and Green Manures. 7. Grain Legumes. 8. Pasture 
Improvement: Introduction of Legumes. 9. Plantation Crops: 
Understorey Legumes and Shade Trees. 11. Agroforestry: 
Nitrogen-fi xing Trees in Integrated Agriculture.
 Part III: Optimizing Nitrogen-fi xation. 12. 
Environmental Constraints to Nitrogen-fi xation. 13. Past 
Approaches: Successes and Failures: Inoculation with 
Rhizobia, Selection of Rhizobial Strains, Improvement of 
Legumes for N2-fi xation, Conclusions. 14. Future Benefi ts: 
An Ecological Approach to Agriculture. List of Common 
Names. List of Botanical Names.
 Soybeans comprise only a small, but important, part 
of this book. They are listed in the index under Soyabean 
Glycine max as follows:
 amounts of nitrogen fi xed 128-129
 breeding 84, 130-132, 134, 236
 centre of diversity 120, 122
 inoculation 130-132, 220-223
 nitrogen transport 75, 77
 residual effects 98, 167, 168, 172, 175
 rhizobia 31, 32, 56, 230
 stresses 201-204, 210, 215
 uses 118, 121-122, 174.
 In the chapter on “Grain Legumes,” one section titled 
“Glycine” (p. 122-23) discusses the soybean. The USA, 
China, Brazil and Argentina account for 90-95% of world 
soybean production. The soybean was domesticated in China 
where its wild counterpart Glycine soja (Sieb. & Zucc.) 
can still be found. Some taxonomists consider this to be 
the same species as the domesticated soybean, Glycine max 
(Smartt 1990). Other wild Glycine species can be found in 
Southeast Asia and Australia. A wide range of photoperiodic 
responses appear in cultivated soybeans with some varieties 
being insensitive to daylength. Classifi cation of varieties 
developed in the USA are based on their growth habit and 
days to maturity, but this classifi cation is not applicable to 
the tropics. Soyabeans are processed to make a wide variety 
of human foods such as bean curd (tofu), soymilk, soy fl our, 
and tempeh.
 “Soyabean is nodulated by Bradyrhizobium japonicum 
(note that the distinction between B. japonicum and other 
Bradyrhizobium strains is not clear) and also by the fast-

growing Rhizobium fredii (see Chapter 2).”
 Page 130: “Need for inoculation:... Inoculation is... most 
likely to be necessary when legumes are introduced into new 
regions, although the need for inoculation will of course be 
conditioned by the requirements of the introduced legume for 
its own specifi c strains of rhizobia. If the introduced legume 
crop can nodulate effectively with rhizobia which are present 
in the soil in suffi cient numbers then inoculation may not be 
necessary. The contrasting requirements of grain legumes 
for inoculation with rhizobia can best be examined by 
comparing the examples of soyabean, which often requires 
inoculation and cowpea which has rarely been found to 
respond to inoculation.
 “The Soyabean Story: Soyabean was domesticated in 
China and has been grown traditionally in many parts of 
South-east Asia. The crop was fi rst grown in North America 
in the eighteenth century but production has increased since 
the early part of this century to the extent that soyabean is 
now the most important grain legume crop in North America 
(Smith and Huyser, 1987). Soyabean is a relatively specifi c 
host and does not nodulate when grown in the fi eld for the 
fi rst time in many parts of Africa, the Americas. Europe and 
some parts of Asia. Yields of soyabean in North America 
were poor until soil containing compatible rhizobia was 
introduced from Japan (Allen and Allen, 1981). Thus 
soyabean crops routinely respond well to inoculation and 
a substantial soyabean inoculum production industry has 
grown up, particularly in Brazil and the USA (Eaglesham, 
1989).
 “However, the story is by no means so simple! In the 
centre of diversity of soyabean and in countries of South-
east Asia, where the crop has been grown for centuries, 
soyabean usually nodulates without inoculation. Strains 
of Bradyrhizobium isolated from nodules of other legume 
hosts, such as cowpea, grown in the same soils, can also 
nodulate the local soyabean genotypes effectively. When 
the nodulation of soyabean genotypes from North America 
and from Asia was compared in the fi eld in Tanzania, many 
of the Asian varieties nodulated effectively with indigenous 
strains of Bradyrhizobium whilst nodulation of the North 
American varieties was poor (Chowdhury, 1977). Asian 
varieties also nodulated well in the fi eld in Nigeria whilst 
American varieties formed very few nodules (Nangju, 1980). 
The American varieties probably show restricted nodulation 
for two reasons: fi rst, the genetic base from which they 
have been bred is limited; second, only a limited range of 
inoculant strains of B. japonicum were introduced leading to 
increased cultivar-strain specifi city.
 “Inoculation of the varieties of Asian origin seldom 
increased yields in the fi eld in Africa although yields of 
American varieties were more than doubled in most cases 
(Pulver et al., 1982). On the basis of these results, a breeding 
programme was initiated at IITA in Nigeria to re-introduce 
the ability to nodulate with indigenous strains of rhizobia 
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into the American varieties, as they had far greater yield 
potential (Kueneman et al., 1984). The programme was 
based on selection of progeny from crosses between Asian 
and American varieties with good nodulation in local soils 
(using visual scores for nodule mass), and was partially 
successful. As a result a number of [soyabean] varieties have 
been released in Africa which nodulate without inoculation 
in soils not previously cropped with soyabeans. But few 
nodules form and the nodules are widely distributed over 
the root system rather than clustered around the tap root–
the situation characteristic of small (less than 100 cells per 
g of soil) populations of compatible rhizobia. Moreover, 
these ‘promiscuously nodulating’ soyabeans are not in fact 
nodulated by the same rhizobia as cowpea when grown in 
the same soil (Bromfi eld and Roughley, 1980; Eaglesham, 
1985) and hence their nodulation can be very poor even 
in soils where cowpeas of the same age are abundantly 
nodulated (Eaglesham, 1989). If ‘promiscuously nodulating’ 
soyabeans are inoculated, yields are sometimes increased, 
at least in the fi rst season, indicating again that the initial 
nodulation with indigenous bacteria is poor in comparison 
to the plant’s capacity for nodulation (Ranga Rao et al., 
1985). It is possible that over a few seasons the number of 
compatible bacteria may increase in response to the presence 
of the host, at least where soil conditions are favourable. But, 
as Eaglesham (1989) has indicated, it may be safer to rely 
on effective inoculant strains than to breed for the ability to 
nodulate with indigenous strains of unknown potential. A 
case of `better the devil you know’!
 “There are reports of a more successful African 
soyabean breeding programme, although it is not well 
documented. Two genotypes (Magoye and Hernon 147) 
were released as a result of a Zambian breeding programme 
(Javaheri and Joshi, 1987); they nodulate abundantly without 
inoculation and yield well in the fi rst season of growth and 
thus have been readily adopted by smallholders in Zambia 
and Malawi (S. Carr, personal communication).
 “In the USA, by contrast, exactly the opposite approach 
has been adopted, namely that of breeding for highly-specifi c 
nodulation. In North America, strains of Bradyrhizobium 
japonicum serogroup USDA 123 are prevalent in many 
soils, and are highly competitive in nodulation with the 
improved American soyabeans (Moawad et al., 1984; Zdor 
and Pueppke, 1988). Unfortunately, serogroup USDA 123 
is less effective in symbiosis with most American soyabean 
cultivars than other B. japonicum strains now present in the 
soils or used in inoculants (Caldwell and Vest, 1970). To 
enable establishment of more effective soyabean symbioses, 
therefore, attempts have been made to breed cultivars that 
specifi cally exclude the less effective serogroup USDA 123 
from nodulation (Cregan and Keyser, 1986; see Chapter 13). 
[Reprinted with permission of CAB International].
 Maize yield gains are largely due to increased soil N 
availability following soybean cultivation.

 Page 118: Chapter 7: Grain legumes. “Strictly speaking, 
grain legumes are those from which the seed is used directly 
for human consumption. Legume grain provides a protein-
rich source of food which is an essential part of the diet in 
many parts of the tropics, particularly where meat is scarce.” 
Address: 1. Dep. of Biochemistry and Biological Sciences, 
Wye College, Univ. of London, Wye, Ashford, Kent TN25 
5AH, UK; 2. Dep. of Microbiology, Wageningen Agricultural 
Univ., 6703 CT Wageningen, The Netherlands.

2622. Ohyama, Takuji; Harper, James E. 1991. Effects of 
shoot removal on N2 fi xation and assimilation in nodulation 
mutant and wild-type soybean. Soil Science and Plant 
Nutrition (Tokyo) 37(3):471-76. [4 ref]
• Summary: “The effects of a decapitation (shoot removal) 
treatment on soybean... N2 fi xation, transport and 
assimilation were determined in a partially nitrate-tolerant 
nodulation mutant line (NOD1-3) and the parent (Williams) 
using a 15N tracer technique. The root systems of intact 
plants were exposed to 15N3 and the shoots from half of the 
plants were removed 1 h after the onset of 15N2 exposure. 
Decapitated and intact plants were harvested at 2 h after 
decapitation.” Address: 1. Dep. of Agricultural Chemistry, 
Niigata Univ., Niigata, 950-21 Japan; 2, USDA/ARS, Dep. 
of Agronomy, Univ. of Illinois, 1102 South Goodwin, 
Urbana, IL 61801.

2623. Peoples, M.B.; Bergersen, F.J.; Turner, G.L.; Sampet, 
C.; Rerkasem, B.; Bhromsiri, A.; Nurhayati, D.P.; Faizah, 
A.W.; Sudin, M.N.; Norhayati, M.; Herridge, D.F. 1991. 
Use of natural enrichment of 15N in plant available soil N for 
the measurement of symbiotic N2 fi xation. In: IAEA/FAO. 
1991. Stable Isotopes in Plant Nutrition, Soil Fertility and 
Environmental Studies. Vienna, Austria: IAEA. See p. 117-
30. *
• Summary: The rate of nitrogen fi xation of soybeans in 
Thailand was estimated at 26-57 kg/ha.

2624. Rehm, Sigmund; Espig, Gustav. 1991. The cultivated 
plants of the tropics and subtropics: cultivation, economic 
value, utilization. Translation of Die Kulturpfl anzen der 
Tropen und Subtropen. Weikersheim, West Germany: Verlag 
Josef Margraf. viii + 552 p. Illust. (101 fi gures). Index. 21 
cm.
• Summary: The soybean is discussed in detail on pages 
94-97. It is also mentioned on pages 76-79, 81-82, 102, 112, 
121, 124-25, 157, 167, 308, and 401.
 Pages 76-79: Worldwide production of soya beans is 
almost twice as large as the next largest oilseed, coconuts. 
Fig. 19 shows world production of oilseeds, 1979-1988. 
More than 90% of the oil plants are produced in the tropics 
and subtropics. Fig. 20 shows world production of oils 
from the most important oil crops. Soya oil is by far No. 1 
followed by palm oil, sunfl ower oil and rapeseed oil. “The 
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characteristics of an oil are governed by the chain length of 
the fatty acids, the proportion of unsaturated fatty acids, and 
the number and position of double bonds in the chain.
 Page 81: Soya oil is part of the linolenic group, one of 
seven major plant oil groups. Vegetable oils are produced 
from seeds. By-products of refi ning soya oil are phosphatides 
[lecithin], phytosterols, tocopherols and protein; it contains 
30-40% protein and about 18% oil.
 Page 82: The largest producers of palm oil (from the 
African oil palm) in 1988 are Malaysia (5.0 million metric 
tons), Indonesia (1.37 million), Nigeria (0.75 million) and 
Cote d’Ivoire (0.235 million). Palm kernel oil is a separate 
product; the largest producer by far is Malaysia 0.53 million 
tons exported.
 Page 94-97: The section on soya bean has these 
contents: Introduction. Morphology. Ecophysiology (“The 
part of the subtropics which are always humid provide the 
best climate for the soyabean, The optimal temperature 
is 24-25ºC.” Since soya has a pronounced sensitivity to 
photoperiod, most varieties only bloom when the day-
length is less than 14 hours. “Very short days (12 hours or 
less) lead to premature fl owering, so that the plants remain 
small and have reduced yields”). Cultivation. Diseases and 
pests, Harvesting and processing (“More than any other 
oilseed, soya is a plant with a dual purpose:” oil and protein. 
“The unripe seeds are eaten in East Asia and the USA as 
a vegetable [edamamé or green vegetable soybeans], like 
peas and beans. The ripe seeds are diffi cult to digest, and 
in the raw state, they contain toxic compounds (saponins, 
goitrogens, protease inhibitors), and they also have an 
unpleasant taste. It is therefore diffi cult to introduce them as 
a foodstuff in new regions. They must be soaked and cooked 
for a long time before they are edible. In East Asia, a range 
of other preparation techniques are common which produce 
valuable foods such as tempe [tempeh], shoyu (soy sauce) 
and other products obtained by microbial processes, as well 
as soya milk, from milled beans, and tofu (soya bean curd, 
which is soya precipitated using acid and salt) (815, 1074). 
Finally, soya bean sprouts are an important vegetable in East 
Asia. The green plants can be used for grazing, or given to 
animals as green forage. It is well suited to silaging).
 There are also similar sections on groundnuts, sunfl ower, 
sesame, and others.
 Page 121: In the chapter on “Protein Providing Plants,” 
table 20 gives “Production of crude protein by the most 
important food plants.” Cereal grains supply 69.9% of total 
crude protein, soya beans 13.5%, other oilseeds 7.7%, pulses 
5.0% and root crops 3.9%.
 Page 124: Table 22 gives “Rhizobia groups of important 
legumes.” The 5 main groups are:
 Bradyrhizobium japonicum: nodulating Glycine (soya) 
and Macroptilium.
 Bradyrhizobium sp. nodulating many different legume 
genera.

 Rhizobium leguminosarum: nodulating 7 well-known 
legume genera.
 Rhizobium loti: nodulating 10 well-known legume 
genera.
 Rhizobium meliloti: nodulating 3 well-known legume 
genera.
 Page 308: “Steroid hormones: The most valuable of 
the chemical compounds of plant origin which are available 
from the pharmaceutical industry are the steroid hormones, 
with an annual production of much more than 1000 tonnes of 
pure substance. This development was initiated in the 1940s, 
after the discovery that cortisone could be obtained from 
diosgenin from Dioscorea species, Dioscoreaceae, through 
the action of fungi and by chemical transformations. Then, 
chemists and microbiologists discovered methods, whereby 
sex hormones could be created from the same raw materials 
which have formed the basis of hormonal contraception (307, 
794). A small part of the steroid hormones are synthesized 
from cholic acid or cholesterol, or by total chemical 
synthesis, but over 90% originate from plant steroid saponins 
and steroid alkaloids. At present, the most important sources 
are diosgenin from Dioscorea species, mainly from Mexico 
and Central America (“barbasco”, D. macrostachya Benth., 
D. fl oribunda Martens et Gal., D. spiculifl ora Hemsl.), 
and Asia (D. deltoidea Wall., D. prazeri Prain et Burk.), 
stigmasterol from soya (USA),...”
 Page 401: Soya is widely used for fodder (hay, straw, 
residues, etc.) and for human food. Address: IAT, Inst. of 
Agronomy in the Tropics, Univ. of Goettigen, Lower Saxony, 
Germany.

2625. Takahashi, Yoshihiko; Chinushi, T.; Nagumo, Y.; 
Nakano, T.; Ohyama, T. 1991. Effect of deep placement of 
controlled release nitrogen fertilizer (coated urea) on growth, 
yield and nitrogen fi xation of soybean plants. Soil Science 
and Plant Nutrition (Tokyo) 37(2):223-31. [23 ref]
• Summary: “The absorption effi ciency of fertilizer N in the 
deep placement treatment was 49%, which was much higher 
than that in the top dressing treatment (27%). However, the 
contribution of fertilizer N to the total N absorption was 
found to be low at 16% in the deep placement, and 11% in 
the top dressing treatment at the R7 stage.”
 Note: But is this new idea practical and economically 
feasible? Address: 1-4. Niigata Agric. Exp. Station, Nagaoka, 
940 Japan.

2626. Takahashi, Yoshihiko; Chinushi, T.; Nakano, T.; 
Hagino, K.; Ohyama, T. 1991. Effect of placement of coated 
urea fertilizer on root growth and rubidium uptake activity 
in soybean plant. Soil Science and Plant Nutrition (Tokyo) 
37(4):735-39. [14 ref]
• Summary: “We reported in the previous paper (Takahashi 
et al. 1991) that the deep placement of slow release N 
fertilizer (coated urea) contributed to a stable increase of 
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soybean... yield. In the previous study we observed that the 
deep placement of coated urea did not depress appreciably 
the nitrogen fi xation by root nodules although fertilizer N 
was effi ciently utilized. We assumed that the N absorbed 
from the roots in the deep layers did not cause nodule 
senescence, contributed to the maintenance of the leaf 
activity during the maturation stage, and that the increase 
in the availability of carbohydrate and N improved seed 
production. In the current report the effects of placement of 
coated urea fertilizer on the root growth and activity were 
studied by measuring the root dry weight and Rb absorption 
activity.”
 Note: CU-100 fertilizer means 100 kg of N per ha. 
Address: 1-4. Niigata Agric. Exp. Station, Nagaoka, 940 
Japan.

2627. Smit, Gerrit; Puvanesarajah, V.; Carlson, R.W.; 
Barbour, W. Mark; Stacey, Gary. 1992. Bradyrhizobium 
japonicum nodD1 can be specifi cally induced by soybean 
fl avonoids that do not induce the nodYABCSUIJ operon. J. 
of Biological Chemistry 267(1):310-18. Jan. 5. [41 ref]
• Summary: Besides genistein and daidzein, which are active 
inducers of the nodYABCSUIJ operon in Bradyrhizobium 
japonicum, soybean seeds also excrete compounds that 
are not inducers of the nodYABCSUIJ genes but enhance 
induction of this operon in the presence of a suboptimal 
genistein concentration. Address: 1. Center for Legume 
Research and the Dep. of Microbiology, Univ. of Tennessee, 
Knoxville, Tennessee 37996.

2628. Hansen, Alexander P.; Yoneyama, T.; Kouchi, H. 1992. 
Short-term nitrate effects on hydroponically-grown soybean 
cv. Bragg and its supernodulating mutant: I. Carbon, nitrogen 
and mineral element distribution, respiration and the effect 
of nitrate on nitrogenase activity. J. of Experimental Botany 
43(246):1-7. Jan. [26 ref]
• Summary: “Differences were most pronounced in nodule 
dry weight and plant nitrogen content, both of which were 
recorded to be substantially elevated in the mutant.” Address: 
1. Institut für Pfl anzenernaehrung, Universitaet Hohenheim, 
Fruwirthstrasse 20, 7000 Stuttgart 70, Germany.

2629. Hansen, Alexander P.; Yoneyama, T.; Kouchi, H. 1992. 
Short-term nitrate effects on hydroponically-grown soybean 
cv. Bragg and its supernodulating mutant: II. Distribution 
and respiration of recently-fi xed 13C-labelled photosynthate. 
J. of Experimental Botany 43(246):9-14. Jan. [26 ref]
• Summary: Both types of soybeans “were exposed to 13ÒC 

enriched C02 for a period of 10 h. During this period and for the subsequent 24 h, continuous 

measurements of Á13C02 and 12C02 evolution of their root systems 
were undertaken, Three harvests during the experiment 
allowed determinations of the distribution of recently fi xed 
carbon in different plant organs. These measurements 
indicated higher dependence of N2 fi xation in nts 1007 

on recently fi xed carbon (RFC) by showing 1elevated 
RFC concentrations in nodules as well as their augmented 
respiration.” Address: 1. Institut für Pfl anzenernaehrung, 
Universitaet Hohenheim, Fruwirthstrasse 20, 7000 Stuttgart 
70, Germany.

2630. Vessey, J.K.; Waterer, J. 1992. In search of the 
mechanism of nitrate inhibition of nitrogenase activity in 
legume nodues: Recent development. Physiologia Plantarum 
84(1):171-86. Jan. [37 ref]
• Summary: “The mechanisms involved in the inhibition of 
nitrogenase activity in legume nodules by nitrate is unclear. 
This paper reviews and evaluates proposed mechanisms of 
this inhibition. Emphasis is placed on recent developments, 
which suggest that nitrate causes an O2 limitation of 
nitrogenase activity. Several mechanisms that involve a 
nitrate-induced increase in resistance to O2 diffusion in the 
nodule cortex are discussed.” Address: Dep. of Plant Science, 
Univ. of Manitoba, Winnipeg, MB, Canada, R3T 2N2.

2631. Leabu, Vic. 1992. Rudolf Steiner, soybeans and other 
legumes, dairy products, and vegetarianism (Interview). 
SoyaScan Notes. Feb. 14. Conducted by William Shurtleff of 
Soyfoods Center.
• Summary: Vic is very interested in Rudolf Steiner, his 
Waldorf Schools, and biodynamic farming (which relies on 
cows–and other domesticated animals- to provide manure for 
crops). Steiner encouraged vegetarianism and was aware of 
the soybean and Rudolf Hauschka (one of his main disciples) 
wrote about soybeans in his book titled Nutrition (English-
language edition published in 1967 in London; First German 
edition, 1951).
 Steiner related to soybeans in terms of a theory. There 
is only one family of plants in the plant kingdom that can fi x 
nitrogen–legumes. Animals are the only other creatures that 
can use nitrogen directly from the air; they take in nitrogen 
when they breathe. Thus Steiner felt that legumes were the 
plants most closely related to animals. Steiner advocated 
vegetarianism and felt that all human beings were moving 
toward vegetarianism. And since legumes are closely 
related to animals, he also recommended that people not eat 
legumes, including soybeans. Other plants that fi x nitrogen 
(such as deadly nightshade) are poisonous. Steiner also 
referred to Pythagoras, a very enlightened man, who also 
opposed the consumption of legumes.
 Steiner was not opposed to people eating dairy products 
in moderation. Vic’s question is: “How do you justify having 
animals and their manure on a farm as part of a biodynamic 
farming system if you don’t eat the animals? Or do we just 
take care of the animals?”
 Dr. Gerard Smith, an American doctor and follower of 
Steiner, wrote an interesting book titled The Dynamics of 
Nutrition (1980). He discusses Steiner and his vegetarianism. 
Address: 6023 Winans Dr., Brighton, Michigan 48116. 
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Phone: 313-231-2711.

2632. Agri-Book Magazine (Exeter, ONT, Canada). 1992. 
Beans in Canada. 18(4):1-36. Feb.
• Summary: This entire issue is about soybeans in Canada, 
with emphasis on soybean production. Articles include: Crop 
management: The bean counter. Higher yields from sub-
irrigation. Marketing. The Northrop King commitment. Bean 
diseases and defences. Soyboard (OSGMB) activities: Beans, 
automobiles and genetic taxi-cabs. Ad by Soy City Foods 
offering to pay top dollar for organically grown soybeans and 
teach farmers how to grows such beans (p. 21). Reducing the 
tillage cost. Variety performance key to choice. Inoculation 
with bacteria. Meeting the challenge of weed control. Ad for 
Nitragin inoculants.

2633. El-Din, Abdel Kader Yousef Gamal. 1992. A succinate 
transport mutant of Bradyrhizobium japonicum forms 
effective nodules on soybeans. Canadian J. of Microbiology 
38(3):230-34. March. [29 ref. Eng; fre]
• Summary: The author has isolated mutants defective 
in dicarboxylate transport in a slow-growing species of 
rhizobium, Bradyrhizobium japonicum. Address: Dep. of 
Biology, College of Science, Univ. of Bahrain, Isa Town, 
Bahrain, P.O. Box 32038, State of Bahrain.

2634. Gundlach, Heidrun; Müller, M.J.; Kutchan, T.M.; Zenk 
M.H. 1992. Jasmonic acid is a signal transducer in elicitor-
induced plant cell cultures. Proceedings of the National 
Academy of Sciences, U.S.A., 89, 2389-2393 89(6):2389-93. 
March. [33 ref]
• Summary: “Abstract: To deter pathogenic microorganisms 
and herbivores, plants have developed an inducible chemical 
defense system. It is known that the induced synthesis 
of low molecular weight compounds can be provoked 
by exposing cultured cells to fungal cell wall fragments 
[called phytoalexins]... Thirty-six plant species [including 
soybean] tested in cell suspension culture could be elicited 
with respect to the accumulation of secondary metabolites 
by exogenously supplied methyl jasmonate...” Address: 
Lehrstuhl fuer Pharmazeutische Biologie, Universitaet 
München, Karlstrasse 29, D-8000 Munich 2, Federal 
Republic of Germany [West Germany].

2635. Keyser, Harold H.; Li, Fudi. 1992. Potential for 
increasing biological nitrogen fi xation in soybean. Plant and 
Soil 141(1/2):119-35. March. [141 ref]
• Summary: Contents: Abstract. Introduction: Importance 
of soybean in world agriculture, Recent soybean statistics, 
The need to increase soybean productivity within sustainable 
systems.
 Biological nitrogen fi xation in the soybean-
bradyrhizobia symbiosis: Amounts of N2 fi xed, Assimilation 
of nitrogen, Host-strain compatibility, Competition for 

nodule occupancy.
 Research strategies to increase BNF in soybean: 
Selection and engineering of bradyrhizobia, Selection and 
breeding of soybean genotypes, Improved inoculation 
techniques.
 Production strategies to increase BNF in soybean: 
Inoculant production, quality control and training, Matching 
soybean genotypes to the environment, Management of other 
inputs. Concluding remarks.
 The soybean has the ability to grow symbiotically 
on low-nitrogen soils. Address: NifTAL Project, Univ. of 
Hawaii, 1000 Holomua Ave., Paia, HI 96779, USA and 
Laboratory for Biological Nitrogen Fixation, Huazhong 
(Central China) Agricultural Univ., Wuhan, Hubei 430070, 
People’s Republic of China.

2636. Peoples, Mark B.; Craswell, E.T. 1992. Biological 
nitrogen fi xation: investments, expectations and actual 
contributions to agriculture. Plant and Soil 141(1/2):13-39. 
March. [158 ref]
• Summary: “This paper reviews the actual levels of N2 
fi xation attained by legume and non-legume associations 
and assesses their role as a source of N in tropical and 
sub-tropical agriculture. We discuss factors infl uencing N2 
fi xation and identify possible strategies for improving the 
amount of N2.”
 Note: Soy is mentioned 55 times in this document. 
Address: CSIRO Division of Plant Industry, GPO Box 1600 
Canberra, ACT, Australia 2601 and TAC Secretariat, FAO, 
Via delle Terme di Caracalla, 1-0100 Rome, Italy. (Formerly: 
Australian International Agricultural Research, Canberra, 
ACT, Australia).

2637. Diaz Carrasco, Humberto; Busto Garcia, I.; Velazquez 
Diaz, O.; Fernandez Diaz-Silveira, M.; Gonzalez Mauri, J.; 
Ortega Herrera, J. 1992. El cultivo de la soya para granos y 
forrajes [The cultivation of the soybean for its seeds and as a 
forage]. Havana, Cuba: Ministerio de la Agricultura, Instituto 
de Investigaciones Fundamentales en Agricultura Tropical 
[INIFAT]. 16 p. Nov. [37 ref. Spa]
• Summary: Contents: Origin and distribution of the 
soybean. Importance worldwide. Soya in Cuba. Morphology. 
Physiological aspects. Favorable attributes of the soybean. 
Main issues to consider in planting, management, harvest, 
and benefi tting/profi ting from the soybean. Rotations with 
soya.
 The section titled “Soya in Cuba” (p. 4-7) states: “The 
fi rst annual report of the Agricultural Experiment Station at 
Santiago de las Vegas (Estación Experimental Agronómica 
de Santiago de las Vegas), mentioned the acclimatization of 
50 varieties of soya. Today this station is INIFAT (Instituto 
de Investigaciones Fundamentales en Agricultura Tropical) 
of the Cuban Ministry of Agriculture (MINAG). Note 1. 
Santiago de las Vegas is a town located 10 miles south of 
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Havana in Habana Province. Note 2. This report, published 
in June 1906, covers work done during the period 1 April 
1904 to 30 June 1905. It contains the earliest date seen for 
soybeans in Cuba, or the cultivation of soybeans in Cuba 
(1905; one of three documents).
 “During the period 1917 to 1920 Calvino issued 
information on the study of soybeans in Cuba; he indicated 
that the variety Biloxi did well in Cuba. At the end of the 
1920s, Francisco B. Cruz studied 8 varieties of soybeans. In 
1937 the forage characteristics of the variety Otootan were 
evaluated. In 1952 Calzadilla Cabrales delivered seeds of 
the variety Improved Pelican to the Agricultural Experiment 
Station at Santiago de las Vegas; this unique commercial 
variety was used in Cuba until 1978. In 1955 a pamphlet 
titled The cultivation of soybeans (El cultivo del frijol soya) 
was published by this same station (Muller 1955).
 “In 1958 the Cuban Bank for Agricultural and Industrial 
Promotion (Banco de Fomento Agrícola e Industrial de 
Cuba–BANFAIC), in cooperation with the Agricultural 
Experiment Station at Santiago de las Vegas, published a 
bulletin titled The cultivation of soybeans (El cultivo del 
frijol soya) (Gonzalez et al. 1958). This bulletin described 
the areas of soybean extension located in the savannah areas 
of Santo Domingo (province of Villa Clara), in the estate 
‘Pablo’ (Ciego de Avila), and in the rice-growing area of 
southern Pinar del Rio. Other key documents published from 
1968 to 1989 are cited and summarized.
 “In 1978 at San Nicolás de Bari, in Havana province, 
the fi rst Cuban soy sauce (salsa soya) factory was started at 
an investment cost of more than 4 million pesos and with an 
annual production capacity of 2,000 tonnes/year.
 “At the Food Research Institute of the Ministry of Food 
Industry (Instituto de investigaciones para la Industria 
Alimentaria del Ministerio de la Industria Alimenticia 
(MINAL)), situated in El Guatao, there was installed [in 
1984] the so-called “Mechanical Cow” (vaca mecánica). 
This piece of equipment was acquired in Brazil for extracting 
soymilk; it had a capacity of 200 liters/hour. The Food 
Research Institute made soymilk (leche de soya) in vanilla, 
chocolate, and strawberry fl avors.
 “As part of a continuation of previous investigations, 
during the period 1981-1991, at INIFAT and at the “El 
Tomeguín” Seed Station (Estación de Granos), both part 
of the Cuban Ministry of Agriculture (MINAG), work was 
undertaken on genetic improvement and introduction, with 
the objective of obtaining soybean varieties that could be 
planted at different seasons of the year to produce seed, 
forage, or both, that were easy to harvest mechanically, and 
were less susceptible to the principal diseases and pests 
which attack this crop.
 “As a result of this work, the following varieties are 
now available for spring planting: Cubasoy-23, 42, Williams, 
and Duocrop. The varieties IGH-24, R-315, INIFAT-112, 
INIFAT-V9, Cubasoy-120, and 96 can be planted during the 

months of July and August, and the varieties INIFAT-382, 
INIFAT-V9, and Cubasoy-120 can be planted during the 
months of December and January.
 “In parallel to the work described above, within the 
“Principal State Problem of Beans and Soybeans” (Problema 
Principal Estatal de Frijol y Soya), in various Cuban 
institutions (National Institute of Agricultural Science 
{Instituto Nacional de Ciencia Agrícola, INCA}, Institute of 
Animal Science {Instituto de Ciencia Animal, ICA}, INIFAT, 
and others), investigations were conducted that made it 
possible to maximize the utilization of the new crops. Among 
these were rotation and intercropping with sugar cane, 
citrus crops, tobacco, potatoes, and rice, rhizobium biology, 
mineral nutrition, irrigation, mechanization, incidence and 
control of pests, diseases, and weeds, uses and storage of the 
seed, production of elite seed varieties, etc. which permit 
integral crop management of the soybean under Cuban 
conditions.” Address: Havana, Cuba.

2638. Ariyaratne, H.P. 1992. Analysis of the soybean yield 
gap in Sri Lanka. Palawija News (Bogor, Indonesia) 9(4):7-
10. Dec. [5 ref]
• Summary: Contents: Introduction. Soybean yield gap. 
Causes of the yield gap. Moisture stress. Poor stand 
establishment. Low investment in improved technology. 
Poor nodulation. Poor facilities for marketing and low 
farm-gate prices. Competition from weeds. Crop loss due to 
insect pests and diseases. Breakdown of extension services. 
Prospects for reducing the soybean yield gap in Sri Lanka.
 Tables: (1) Price per unit protein of common foods in Sri 
Lanka (soybean is the least expensive). (2) Extent / area and 
production of soybean in Sri Lanka (1973-1988), in maha 
season (Oct/March) and yala season (April/Sept). (3) Extent 
/ area, production and yield of soybean in the Anuradhapura 
district, maha and yala seasons, 1975/76 to 1987/88.
 (4) Performance of 3 soybean cultivars at the 
Agricultural Research Station, Maha Illuppallama, Sri 
Lanka: Hardee 4,877 kg/ha. Bossier (4,627 kg/ha). Pb-1 
3,606. The fi rst two originated in the USA, the 3rd in 
India. (5) Performance of some soybean varieties tested in 
coordinated varietal trials.

2639. Utomo, W.H.; Sitompul, S.M.; van Noordwijk, M. 
1992. Effects of leguminous cover crops on subsequent 
maize and soybean crops on an Ultisol in Lampung. Agrivita 
(Indonesia) 15:44-53. *
• Summary: Note: “Lampung is a province of Indonesia. It is 
located on the southern tip of the island of Sumatra.” Source: 
Wikipedia.

2640. Akao, Shoichiro; Kouchi, Hiroshi. 1992. A 
supernodulating mutant isolated from soybean cultivar Enrei. 
Soil Science and Plant Nutrition (Tokyo) 38(1):183-87. [11 
ref]
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• Summary: “Symbiotic nitrogen fi xation in nodules of 
legumes depends on the complex interaction between the 
legume plant and (Brady)Rhizobium bacteria. Nodule 
formation and nitrogen fi xation are closely regulated by both 
the host plant and the microsymbiont. Plant mutants with 
altered symbiotic performance are considered to be useful to 
gain a better understanding of the plant-microbe interactions 
in the legume-(Brady)Rhizobium symbiosis.” Address: 
National Inst. of Agrobiological Resources, Tsukuba, 305 
Japan.

2641. Ariyaratne, H.P. 1992. Analysis of the soybean yield 
gap in Sri Lanka. In: Increasing Soybean Production in Asia: 
Proceedings of a Workshop. 1992. Bogor, Indonesia: CGPRT 
Centre. 187 p. See p. 167-75. Held 21-24 Aug. 1990 at 
Phitsanulok, Thailand. [3 ref]
• Summary: Contents: Introduction. Soybean yield gap. 
Causes of the yield gap. Moisture stress. Poor stand 
establishment. Low investment in improved technology. 
Poor nodulation. Poor facilities for marketing and low 
farm-gate prices. Competition from weeds. Crop loss due to 
insect pests and diseases. Breakdown of extension services. 
Prospects for reducing the soybean yield gap in Sri Lanka. 
Acknowledgement. Address: Deputy Director (Research), 
Agricultural Research Station, Maha Illuppallama, Sri Lanka 
and National Coordinator Grain Legume Improvement.

2642. Asanuma, S. 1992. Nodulation of soybean grown 
under fi eld conditions and inoculated with Bradyrhizobium 
japonicum strains. In: K. Mulongoy, et al., eds. 1992. 
Biological Nitrogen Fixation and Sustainability of Tropical 
Agriculture: proceedings of the Fourth International 
Conference of the African Association for Biological 
Nitrogen Fixation (AABNF),... Chichester, UK: Wiley xiv + 
488 p. See p. 155-59. [8 ref]
• Summary: “In order to study the survival of inoculants, a 
soybean cultivar (Kitahomare) inoculated with a mixture of 
two Bradyrhizobium japonicum strains (IRj 2114str and A 
1017kas) was grown under fi eld conditions; in the following 
year, uninoculated seeds were planted. In both years, the 
number of nodules increased between the pre-fl owering and 
early pod-forming stages; this increase was very low in the 
basal part of the root but particularly high in the remainder 
of the root. At the two growth stages in the fi rst year, the 
inoculants formed about 95% of the nodules in the basal part 
and 45% of the nodules in the remainder. In the second year, 
however, the proportion declined markedly to 10-20% in 
both portions of the root at the same growth stages, although 
the number of the inoculated strains in the rhizosphere 
was comparable to that of the indigenous ones. The results 
indicate that it is necessary to investigate further the factors 
controlling nodulation in the whole root system, particularly 
in lateral roots, by the inoculated or the indigenous strains 
where they co-exist.” Address: 1. Hokkaido Agric. Exp. 

Station, 1 Hitsujigaoka, Sapporo, Japan.

2643. Baten, M.A.; Agboola, A.A.; Mutsaers, H.J.W. 1992. 
An exploratory survey of soybean production in Ayepe, 
Nigeria. In: K. Mulongoy, et al., eds. 1992. Biological 
Nitrogen Fixation and Sustainability of Tropical Agriculture: 
proceedings of the Fourth International Conference of 
the African Association for Biological Nitrogen Fixation 
(AABNF),... Chichester, UK: Wiley xiv + 488 p. See p. 333-
42. [10 ref]
• Summary: “In 1988 a fi eld survey was conducted on 
soybean... production trials at Ayepe in Nigeria. The survey 
investigated yield variability, fertilizer requirements and 
economic returns among small farmers. It revealed that the 
soybean yield was low (524 kg/ha), while yield variability 
was extremely high (from less than 150 kg/ha to over 1500 
kg/ha). It also showed that available phosphorus in the soil 
was below the critical level. The survey results indicated 
that the main factor affecting yield was farmers’ experience, 
followed by soil characteristics and plant population, and 
that, if these factors were favourable, the gross margin could 
exceed Naira 4000/ha.”
 The average world yield for soybeans is 1700 kg/ha 
and the African average is 1100 kg/ha (FAO 1989). Soybean 
yields at Nigeria’s research stations range from 2000 kg/ha 
to 3000 kg/ha. Address: 1. International Institute of Tropical 
Agriculture (IITA), PMB 5320, Oyo Road, Ibadan, Nigeria.

2644. Gerahty, Noel; Caetano-Anollés, G.; Joshi, P.A.; 
Gresshoff, P.M. 1992. Anatomical analysis of nodule 
development in soybean reveals an additional autoregulatory 
control point. Plant Science 85:1-7. [18 ref]
• Summary: “The region of the root of soybean (Glycine 
max [L.] Merr. cv. Bragg) susceptible to nodule initiation by 
Bradyrhizobium japonicum Jordan USDA 110 was examined 
by serial section and light microscopy to study the control of 
nodule development. Three successive susceptible regions 
separated by 24-h intervals were examined.” Address: Plant 
Molecular Genetics, Inst. of Agriculture and Center for 
Legume Research, The University of Tennessee, Knoxville, 
TN 37901-1071.

2645. Gresshoff, P.M. 1992. Supernodulation and non-
nodulation mutants of soybean. In: K. Mulongoy, et al., eds. 
1992. Biological Nitrogen Fixation and Sustainability of 
Tropical Agriculture: proceedings of the Fourth International 
Conference of the African Association for Biological 
Nitrogen Fixation (AABNF),... Chichester, UK: Wiley xiv + 
488 p. See p. 189-97. [36 ref]
• Summary: “Modern agriculture requires high plant 
productivity which, in turn, relies heavily on the input of 
nitrogen fertilizer. This is costly in terms of production, 
application and impact on the environment through runoff 
ground water and surface water. The effi cient use of 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   957

© Copyright Soyinfo Center 2018

crop and forage legumes would reduce the input of the 
agriculturally essential element, nitrogen. The application of 
plant molecular biology to improve agricultural effi ciency 
represents an attainable challenge. In the research reported 
here, two types of symbiotically altered mutants of 
soybean were used. These mutants either supernodulate, 
because of a diminished internal autoregulation system 
of nodulation, or they fail to nodulate. The use of non-
nodulation mutants allowed an analysis of the early stages 
of nodule initiation. This paper describes the essential 
characteristics of supernodulation, nitrate-tolerant symbiotic 
(nts) soybean mutants, their agricultural properties and the 
genetic linkage of the nts gene to restriction fragment length 
polymorphisms.” Address: 1. Plant Molecular Genetics and 
Center for Legume Research, Univ. of Tennessee, P.O. Box 
1071, Knoxville, TN.

2646. Mulongoy, K.; Gueye, M.; Spencer, D.S.C. eds. 
1992. Biological nitrogen fi xation and sustainability of 
tropical agriculture: proceedings of the Fourth International 
Conference of the African Association for Biological 
Nitrogen Fixation (AABNF), held at the International 
Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, 24-
28 September 1990. Chichester, England; New York, NY. 
John Wiley & Sons. xiv + 488 p. Illust. No index. 25 cm. 
[300+* ref]
• Summary:  See next page. Contents: Preface. Foreword. 
Introduction. Part 1: Nitrogen-Fixing Systems (16 articles). 
Part 2: Biotechnology and Modelling in Nitrogen Fixation 
(6 articles). Part 3: Measurement and Socioeconomic Impact 
of Nitrogen Fixation (10 articles). Part 4: Sustainability of 
Nitrogen-Fixing Cropping Systems (11 articles). Conference 
Summary and Recommendations. Authors and Conference 
Participants. Acronyms.
 The Preface begins: “The African Association for 
Biological Nitrogen Fixation (AABNF) was founded in 
1982 with the support of the International Institute of 
Tropical Agriculture (IITA) at Ibadan, Nigeria, as part of 
the IITA/United Nations Development Programme (UNDP) 
project GLO/77/013 on ‘Maximising nitrogen fi xation by 
cowpeas and soybeans in farming systems in the humid 
tropics’. The AABNF is a multidisciplinary group, bringing 
together soil scientists, microbiologists, agronomists, 
climatologists, social scientists, breeders, plant physiologists, 
biotechnologists, nutritionists, policymakers and others 
interested in the promotion of biological nitrogen fi xation 
systems in Africa.”
 The fi rst AABNF meeting was held in July 1984 at 
Nairobi, Kenya. The second was held in 1986 in Cairo, 
Egypt. The third was held in 1998 at Dakar, Senegal.
 The present conference was attended by over 100 
participants from 25 countries–21% from IITA, 29% from 
Nigeria excluding IITA, 27% from Africa excluding Nigeria, 
and 23% from other continents. Fifteen percent of the 

participants were women. Address: 1. International Inst. of 
Tropical Agriculture (IITA), P.M.B. 5320, Oyo Road, Ibadan, 
Nigeria.

2647. Neves, M.C.P.; Ramos, M.L.G.; Martinazzo, A.F.; 
Botelho G.R.; Dobereiner, J. 1992. Adaptation of more 
effi cient soybean and cowpea rhizobia to replace established 
populations. In: K. Mulongoy, et al., eds. 1992. Biological 
Nitrogen Fixation and Sustainability of Tropical Agriculture: 
proceedings of the Fourth International Conference of 
the African Association for Biological Nitrogen Fixation 
(AABNF),... Chichester, UK: Wiley xiv + 488 p. See p. 219-
33. [29 ref]
• Summary: “Seed yields of soybean (Glycine max) and 
cowpea (Vigna sinensis) can be signifi cantly increased by 
seed inoculation with more effi cient Bradyrhizobium strains. 
The use of such strains, however, depends on their ability 
to tolerate the prevailing biotic and abiotic soil conditions 
of the cropping area and to compete for infection sites with 
the established rhizobia populations. The research discussed 
in this paper focused on adapting Bradyrhizobium strains 
to the soils of newly cleared lands in the cerrados (edaphic 
savanna) and the Amazonian region of Brazil. Observations 
showed that cowpeas planted in the Amazonian region 
seldom nodulated. After three to fi ve cropping periods a few 
nodules appeared on the roots. Effi cient strains isolated from 
these nodules could improve nodulation in such soils. The 
gradual adaptation of soybean rhizobia to the prevailing soil 
conditions of the cerrados, the major soybean producing area 
of Brazil, was performed in fi eld trials or in pots containing 
soil from the target area. Soybean seeds were inoculated 
with strain CB 1890 (a very effi cient strain) in a soil free of 
established soybean rhizobia. The few nodules formed were 
tested individually for high acetylene reduction activity. By 
repeating this procedure several times, it was possible to 
signifi cantly improve soybean nodulation.”
 Note: “Edaphic” refers to the soil or ground. Address: 1. 
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA), 
47 ant. Rio Sao Paulo, Seropédica, Rio de Janeiro, Brazil.

2648. Okereke, G.U.; Eaglesham, A.R.J. 1992. Selection of 
soybean cultivars for a mixed cropping system in Nigeria 
using the 15N dilution technique. In: K. Mulongoy, et al., eds. 
1992. Biological Nitrogen Fixation and Sustainability of 
Tropical Agriculture: proceedings of the Fourth International 
Conference of the African Association for Biological 
Nitrogen Fixation (AABNF),... Chichester, UK: Wiley xiv + 
488 p. See p. 289-96. [13 ref]
• Summary: “A preliminary experiment was conducted 
to estimate the nitrogen fi xation potential of 80 cultivars 
of monocropped soybean..., using the isotope dilution 
technique. Promising cultivars were then selected and a 
second experiment was conducted to estimate the nitrogen 
fi xed by these cultivars when cropped with maize. In both 
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experiments, 100 kg N/ha of 1 atom % 15N excess in form 
of ammonium sulphate was applied evenly in solution form 
to the 15N subplots. There were wide differences in the atom 
% 15N excess and the proportion of nitrogen derived from 
atmosphere (% Ndfa). The selected cultivars varied in terms 
of dry-matter yield, total nitrogen accumulation, atom % 15N 
excess and amount of nitrogen fi xed. On average, the % Ndfa 
of all the cultivars was 55% at 78 days after planting. In 
the case of cultivar TGx 1080-85E, the % Ndfa and amount 
of nitrogen fi xed was higher than that for other cultivars, 
indicating that even with the application of a high level 
of nitrogen fertilizer this cultivar maintained its inherent 
potential to fi x a substantial amount of nitrogen when 
cropped with maize.” Address: 1. Agricultural Biotechnology 
Research Centre, Anambra State Univ. of Technology, PMB 
01660, Enugu, Nigeria.

2649. Olufajo, O.O.; Adu, J.K. 1992. Response of soybean to 
inoculation with Bradyrhizobium japonicum in the northern 
Guinea savanna of Nigeria. In: K. Mulongoy, M. Gueye, and 
D.S.C. Spencer, eds. 1992. Biological Nitrogen Fixation and 
Sustainability of Tropical Agriculture. Proceedings of the 
4th International Conference of the African Association for 
Biological Nitrogen Fixation. Chichester, West Sussex, UK 
and New York: J. Wiley. xiv + 488 p. See p. 147-54. Held 
at the International Inst. of Tropical Agriculture, Ibadan, 
Nigeria, 24-28 Sept. 1990. [14 ref]
• Summary: Field studies were conducted at Samaru in the 
northern Guinea savanna ecological zone of Nigeria over a 
7-year period to investigate the effects of Bradyrhizobium 
japonicum strains and fertilizer application on promiscuously 
nodulating soybean varieties. Inoculation with B. japonicum 
strain IRj 2123 signifi cantly increased nodule number and 
weight in one out of three trials. “However this did not result 
in increased seed yield.”
 In order to derive full benefi t from biological nitrogen 
fi xation and thus to maximize soybean productivity in 
this soil, it is necessary to apply P fertilizer–which local 
subsistence farmers do not do. Address: Ahmadu Bello Univ., 
Zaria, Nigeria.

2650. Olufajo, O.O.; Adu, J.K. 1992. Response of soybean to 
inoculation with Bradyrhizobium japonicum in the northern 
Guinea savanna of Nigeria In: K. Mulongoy, et al., eds. 
1992. Biological Nitrogen Fixation and Sustainability of 
Tropical Agriculture: proceedings of the Fourth International 
Conference of the African Association for Biological 
Nitrogen Fixation (AABNF),... Chichester, UK: Wiley xiv + 
488 p. See p. 147-54. [14 ref]
• Summary: “Field studies were conducted at Samaru in the 
northern Guinea savanna ecological zone of Nigeria over 
a 7-year period to examine the effects of Bradyrhizobium 
japonicum strains and fertilizer application on promiscuously 
nodulating soybean... cultivars. Inoculation with B. 

japonicum strain IRj 2123 signifi cantly increased nodule 
number and weight in one out of three trials. However, this 
did not result in increased seed yield. Four strains, including 
IRj 2123, were further evaluated either singly or in mixture. 
All strains except IRj 2123 improved nodulation and seed 
yield. Phosphorus application enhanced nodulation, whereas 
nitrogen application had no consistent effect on nodulation. 
Seed yields were also unaffected by nitrogen fertilization, 
whereas the application of phosphorus increased seed yields. 
Factors such as low numbers of indigenous bradyrhizobia 
and low level of soil phosphorus were found to limit 
nodulation and effectiveness of inoculation in the soils in 
the study area.” Address: 1. Dep. of Soil Science, Inst. of 
Agricultural Research, Ahmadu Bello Univ., PMB 1044, 
Zaria, Nigeria.

2651. Rosas, Juan Carlos; Young, Roberto A. 1992. El 
cultivo de la soya [The cultivation of soya]. Tegucigalpa, 
Honduras: Escuela Agrícola Panamericana, Departamento de 
Agronomía. 60 p. Illust. 27 cm. [Spa]*
• Summary: Contents: 1. Overview: Economic importance, 
chemical composition, history, taxonomy. 2. Morphology 
of the soybean plant. 3. Physiology of the growth and 
development of the soybean plant: Stages of development. 
4. Environmental factors that affect the cultivation of soya: 
Soil, water, irrigation, light / photoperiod, temperature, 
period of growth. 5. Practical cultivation: Preparation of the 
soil, time of planting, density of planting, quantity of seeds, 
systems of cultivation, control of weeds (methods of weed 
control, chemical control). 6. Mineral nutrition of soybeans 
(and inoculation). 7. Diseases that affect the cultivation of 
soybeans and their management: Bacterial, fungal, viral, 
other, seed treatment. 7. Insects that attack soybeans. 8. 
Harvest and storing. 10. Improvement of soybeans. 11. 
Processing and utilization: Industrial processing (extraction 
of oil, soy fl ours, soy protein concentrates {concentrados 
proteícos de soya}, soybean cake). Direct consumption: 
In the Far East, the soybean is consumed in the form of 
fermented and non-fermented foods. Fermented foods 
include shoyu, miso, mato [sic, natto], and tempeh, while 
non-fermented foods include soymilk (la leche de soya), 
tofu, yuba (juba), and kinako. 12. The cultivation of soya in 
Honduras (history).
 In 1972, the Ministry of Natural Resources (Ministerio 
de Recursos Naturales) reported the initiation of commercial 
soybean production on a small scale in various departments 
of the country (Olancho, El Paraíso and Comayagua). 
Three varieties were used at that time: Biloxi, Hardee and 
Jupiter. However, before these reports were made, at the 
Panamerican Agricultural School (la Escuela Agrícola 
Panamerican (EAP)), some hectares had already been 
planted with the varieties Jupiter and Pelican. Discusses 
additional developments in 1974, 1982, 1986, 1987, and 
1988. Address: 1. PhD; 2. PhD.
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2652. Saint Macary, H.; Beunard, P.; Scaglia, J.A.; 
Hakizimana, A.; Pandzou, J. 1992. Inoculation des 
légumineuses en milieu tropical: recherche-développement 
et aspects économiques [Inoculation of leguminous plants 
in tropical areas: research and development and economic 
aspects]. In: K. Mulongoy, et al., eds. 1992. Biological 
Nitrogen Fixation and Sustainability of Tropical Agriculture: 
proceedings of the Fourth International Conference of 
the African Association for Biological Nitrogen Fixation 
(AABNF),... Chichester, UK: Wiley xiv + 488 p. See p. 343-
50. [12 ref. Fre; fre]
• Summary: The use of inoculum is not widespread in 
developing countries and is still confi ned to soybean 
cultivation. The reasons for this lack of use are numerous: 
ineffi ciency of inocula in many cases; insuffi cient knowledge 
of the recommended areas of inoculation; production of 
inoculums of dubious quality. The few fi gures available 
in Rwanda, however, demonstrate the profi tability of the 
technique for the farmer when it is used in the fi rst year on 
soybeans. The problem of reinoculation and its effectiveness 
in the survival of soil rhizobia is discussed on the basis of 
the results obtained in Congo: it is shown that the survival 
of inoculated strains is not bad but that the development of a 
native population obliterates the effects of inoculation in the 
second or third year.
 Note: Soybeans are discussed throughout. Address: 1. 
CIRAD, BP 5035, Montpellier Cedex, France.

2653. Takahashi, Yoshihiko; Chinushi, T.; Nakano, 
T.; Ohyama, T. 1992. Evaluation of N2 fi xation and N 
absorption activity by relative ureide method in fi eld grown 
soybean plants with deep placement of coated urea. Soil 
Science and Plant Nutrition (Tokyo) 38(4):699-708. [20 ref]
• Summary: “The basal deep placement of coated urea 
for soybean cultivation appears to be benefi cial by 
supplementing soybean N without concomitant depression of 
N2 fi xation, and by increasing the seed yield. High recovery 
rate of fertilizer N is also desirable from the economical and 
ecological view points.” Address: 1-3. Niigata Agric. Exp. 
Station, Nagaoka, 940 Japan.

2654. Woomer, P.; Asano, W.; Bohlool, B.B. 1992. Predicting 
the persistence of introduced Bradyrhizobium japonicum in 
tropical soils. In: K. Mulongoy, et al., eds. 1992. Biological 
Nitrogen Fixation and Sustainability of Tropical Agriculture: 
proceedings of the Fourth International Conference of 
the African Association for Biological Nitrogen Fixation 
(AABNF),... Chichester, UK: Wiley xiv + 488 p. See p. 235-
43. [24 ref]
• Summary: “An important initial step in predicting the 
behaviour of introduced rhizobia in tropical soils is to 
develop suitable mathematical models and relate the 
coeffi cients of these models to specifi c environmental 

conditions. In a study conducted on the Island of Maui, 
Hawaii, three strains of Bradyrhizobium japonicum were 
released into diverse soils at 150,000 cells/strain/g soil 
and incorporated to a depth of 25 cm with repeated tilling. 
The rhizobial densities were monitored at 2, 8, 14, 27, 41, 
52, 78 and 106 weeks following release. The populations 
declined rapidly, becoming non-recoverable or establishing 
at stable levels. The persistence over time was best described 
by the Mitscherlich equation, two coeffi cients of which 
represent the rate of decline and the level of persistence. 
These coeffi cients were regressed against a database of up 
to 26 parameters which characterize the biotic, climatic, 
chemical and physical properties of the sites. The resultant 
models presented in this paper allow for the prediction of 
rhizobial population sizes over time based upon measurable 
soil parameters. Results are also presented indicating 
that introduced rhizobia can successfully colonize soils, 
depending on climatic and edaphic conditions.” Address: 1. 
Tropical Soil Biology and Fertility (TSBF), P.O. Box 30592, 
Nairobi, Kenya.

2655. Yeye-Odu, Ayorinde. 1992. Effect of pH and 
Bradyrhizobium japonicum inoculation on nodulation 
and N-2 fi xation of acid tolerant and sensitive vegetable 
soybeans. MSc thesis, North Carolina Agricultural and 
Technical State University. x + 82 leaves. Illust. 29 cm. *
Address: Richmond, Virginia.

2656. Hardarson, Gudni. 1993. Method for enhancing 
symbiotic nitrogen fi xation. Plant and Soil 152(1):1-17. 
March. [51 ref]
• Summary: “Biological nitrogen fi xation of leguminous 
crops is becoming increasingly important in attempts to 
develop sustainable agricultural production. However, 
these crops are quite variable in their effectiveness in fi xing 
nitrogen. By the use of the 15N isotope dilution method 
some species have been found to fi x large proportions of 
their nitrogen, while others like common bean have been 
considered rather ineffi cient. Methods for increasing N2 
fi xation are therefore of great importance in any legume 
work. Attempts to enhance nitrogen fi xation of grain legumes 
has been mainly the domain of microbiologists...”
 Note: The soybean is mentioned 39 times in this 
article. Address: FAO/IAEA Programme, Soil Science Unit, 
Agency’s Laboratories, A-2444 Seibersdorf, Austria.

2657. Ohyama, Takuji; Mizukoshi, K.; Nishiwaki, T. 1993. 
[Distribution of ureide originated from nodules attached 
to the upper roots and nitrate derived from lower roots in 
soybean plants cultivated by double piled pots]. Niigata 
Daigaku Nogakubu Kenkyu Hokoku (Bulletin of the Faculty 
of Agriculture, Niigata University) No. 45. p. 107-15. March. 
[36 ref. Jap; eng]
• Summary: “Summary: Soybean plants (Glycine max. L. cv. 
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Williams and Norin No 2) were cultivated by double pots. 
The upper pot fi lled with vermiculite and perlite medium 
was piled on the lower pot with culture solution in it. -N 
culture solution was added in the upper pot. Whereas -N or 
+N (1 mM NaNO2) solution was given in the lower pot. 
Plants were harvested at maturing stage on Oct. 9th, and dry 
weight, total N concentration, as well as the concentration 
of major translocation forms of N, nitrate, amide and ureide 
was measured.
 “Nodules were formed only in the upper pot, irrespective 
of -N or +N solution in the lower pot. The growth of lower 
part of roots was greatly enhanced by feeding +N solution 
in lower pot compared with -N treatment. The dry weight 
of upper roots were not affected by -N or +N treatment was 
about half as much as -N treatment.
 “Appreciable amount of ureides, the major transport 
form of N2 fi xation, were detected in nodules, upper roots 
and shoots, although ureides were not detectable in the 
lower roots. The ureides level tended to be higher in each 
part of plants supplied with -N solution in lower pot. On the 
other hand, a high accumulation of nitrate was found only 
in the lower roots directly contact with +N solution, but 
the concentration was very low or negligible in the upper 
roots, nodules and shoots. These results suggested that the 
ureides produced by N2 fi xation in nodules as well as nitrate 
absorbed from roots was not easily mixed between upper and 
lower roots. Either N compounds would be transported in 
the upstream of xylem fl uid and not readily recycled to the 
underground part without metabolized in shoots.” Address: 
Niigata, Japan.

2658. Takahashi, Yoshihiko; Chinushi, T.; Ohyama, T. 1993. 
Quantitative estimation of N2 fi xation and absorption rate 
in fi eld grown soybean plants by relative ureide method. 
Niigata Daigaku Nogakubu Kenkyu Hokoku (Bulletin of the 
Faculty of Agriculture, Niigata University) No. 45. p. 91-
105. March. [20 ref. Eng; jap]
• Summary: “Abstract: The percent N derived from 
atmospheric N, was estimated by relative abundance of 
ureide-N by analyzing concentration of N constituents in 
root bleeding xylem sap by the equation; 100 x ureide-N/ 
(ureide-N+amide-N+NO3--N). The total N accumulation 
in harvested shoot was determined by Kjeldahl digestion 
method. Combining both data, N2 fi xation activity and N 
absorption rate was estimated from R1 to R7 stages.
 “Using non-nodulating (T201) and nodulating (T202) 
isolines, two fertilizer treatments have been carried out; 
one is control, a conventional fertilization with only small 
amount (16Kg N/ha) of basal application of ammonium 
sulfate, and another was a new fertilization technique, a 
basal application of deep placement of coated urea (100Kg 
N/ha). The results obtained by relative ureide method were 
compared with N-balance method (N yield method) using 
T201 and T202 isolines. The percent of N derived from 

N2 fi xation until R7 evaluated by relative ureide method 
in control treatment was 75.1% and similar to 75.4% by N 
balance method. However, in deep placement treatment, 
the N balance method exhibited a lower percent of N2-
derived N (59.3%) compared with relative ureide method 
(65.1%). By comparing relative ureide method and the other 
estimation method, it was confi rmed that the relative ureide 
method is very useful to estimate the N2 fi xation activity and 
N absorption rate of soybean plants grown in the fi eld. In 
this experiment it was reconfi rmed that application of deep 
placement of coated urea enhanced N2 fi xation, especially 
maturing stage.” Address: Niigata Agric. Exp. Station, 
Niigata, Japan.

2659. Tanner, Jack W. 1993. The fi rst one hundred years 
(Continued–Document part II). Paper presented at Soybeans 
in Canada: Beyond 100 Years, a symposium organized by 
the Ontario Soybean Growers’ Marketing Board. 6 p. Held 
28-30 March 1993 in Toronto, Ontario, Canada at the Regal 
Constellation Hotel.
• Summary: Continued from page 3. “Honours of C.A. 
Zavitz: First Degree Class of OAC, 1888. First Head of 
Department of Field Husbandry, 1904. Published in Volume 
1 of Agronomy Journal, 1907, 1908, 1909. First Canadian 
Fellow of American Society of Agronomy, 1915. Doctor 
of Science (Hon.), University of Toronto, 1916. Doctor 
of Laws, University of Western Ontario, 1935. Inductee, 
Canadian Agricultural Hall of Fame, 1977.”
 After Zavitz’s introduction in 1893, William Saunders 
began soybean research at the Central Experimental Farm 
(CEF) in Ottawa, Ontario. In 1923 Fred Dimmock started 
the Harrow soybean program; when he moved to Ottawa, 
Cass Owen took over the soybean research at Harrow. By the 
end of the 1930s, six soybean varieties had been registered 
in Canada: OAC 211 (1923), AK (Harrow) (1933, Harrow), 
Mandarin (Ottawa) (1934, CEF), Kabott (1937, CEF), 
Goldsoy (1938, OAC), and Pagoda (1939, CEF).
 In 1932 some 7,781 acres of soybeans were reported in 
Canada, increasing to 10,000–11,000 acres by 1940.
 “The fi rst record of commercial soybean production 
occurred in Essex and Kent counties in 1925. The fi rst 
Ontario Department of Agriculture extension bulletin to 
mention soybeans in 1932 listed its uses for hay, soiling 
crop, pasture, ensilage, seed for oil and meal, and straw. The 
crop was perceived by farmers as an excellent annual forage. 
Beans for were shipped to the Dominion Linseed Oil mill 
in Baden and to the fi rst soybean crushing plant in Chatham 
which opened in 1934... Victory Soya Mills, constructed in 
1944 in Toronto, played a key role in the development of 
soybeans in Ontario. The company aggressively promoted 
the crop in late 1940s and 1950s. The company produced 
bulletins, conducted yield competitions, and produced 
newspaper articles, movies and newsletters. It also provided 
extension persons, Ivan Roberts and Ralph Chamberlain to 
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promote the crop. However, the crop was slow to expand out 
of the traditional 5-country area of the southwest part of the 
province.
 “One of the most momentous occurrences in soybean 
development dates back to 1936 when Cass Owen at the 
Harrow Research Station made the original cross that 
ultimately resulted in the variety Harosoy. Released in 1951, 
Harosoy dominated the Canadian acreage for more than 35 
years. It became the major variety in the U.S. and constituted 
26% of the total U.S. acreage in 1966, including 42% of the 
crop in Illinois, 48% in Indiana, 46% in Ohio and 58% of 
Michigan’s crop. Subsequent varieties developed by Buzzell 
at Harrow have continued to provide outstanding varieties to 
the farmers of that area.
 “Another milestone in the evolution of the soybean crop 
in Ontario came in January 1949 with the establishment 
of the Ontario Soya-Bean Growers’ Marketing Board. 
Established initially to improve marketing procedures to 
reduce price instability, the Board’s role now includes 
negotiations with the trade, provision of market information 
relating to the oilseed industry to its members, government 
lobbying, market development both domestically 
and internationally, creation of promotional material, 
administration of government programs and support of 
research. With regard to the latter, the Board has provided 
approximately $1.3 million in research support in the past 10 
years. The initial membership of the Board has grown from 
1722 in 1949 to 17,272 in 1991.”
 Throughout the 1950s and 1960s, “much effort was 
put forward towards expanding the soybean acreage into 
the shorter season parts of the Province. While recognizing 
that weed control, lack of decent nodulation and appropriate 
equipment were deterrents, the major limitation was the 
lack of decent varieties. Bluntly put, they were dogs. The 
release of Maple Arrow by Harvey Voldeng from the Ottawa 
program represented the break that was needed to move the 
crop. The cross, between Harosoy and an early Swedish 
line, 840-7-3, was made by Buzzell for Lorne Donovan, the 
breeder at Ottawa who had preceded Voldeng. Dave Hume at 
Guelph with major support from the OMAF Plant Industry 
Branch mounted major research and extension programs for 
expansion of the crop. The crop has since created its own 
momentum, fueled by a whole series of outstanding early 
varieties developed by Voldeng at Ottawa and Beversdorf at 
Guelph.
 “A few other names require mention. George Jones, 
an early promoter of the crop, weed control wizard and 
successful breeder, Baldur Stefansson in Manitoba who 
laboured for 20 years attempting to establish the crop in 
the west, abandoned the idea and subsequently became one 
of the fathers of the canola industry; and Brian Buttery at 
Harrow who has worked to improve our understanding of 
yield in soybeans.
 “Special mention should be made too of the contribution 

of the Colleges of Agricultural Technology, especially 
Ridgetown. RCAT has, since its inception, provided 
excellent production and varietal information to the farmers 
of the area.
 “The fi rst private line, XK 505, was supported for 
registration in 1973. There are currently 4 public and 4 
private full-time breeding programs in Ontario. In addition, 
several American-based companies evaluate and submit 
lines for registration. The list of excellent varieties available 
augers well for the future.
 “My role at this conference was to look back. It has 
been an eventful and exciting 100 years for the soybean crop 
and those dedicated to its expansion. But times are changing 
and, I expect, ‘we ain’t seen nothing yet’. The 20% oil 40% 
protein bean has served us well but there are already changes 
afoot in the marketplace. The soybean which was one of the 
fi rst truly industrial crops must be modifi ed to compete in 
the future. The development of natto beans at Ottawa and 
the shift of Harrow to concentrate on edible beans for export 
are but the beginning. Compositional changes in fatty acid 
distribution and protein are already underway. Changes in 
morphology and growth habit of the plant appear to offer 
new promise for higher yielding, more broadly adapted 
varieties. The new technologies of molecular genetics, while 
slow to reach soybeans, are on the verge of enabling the 
development of beans whose attributes may be limited only 
by the imagination of those of us who are over 30 years old. 
The future starts tomorrow. Somehow, I feel that Zavitz 
is looking down at all this, and, I suspect, he is smiling.” 
Address: Crop Science Dep., Univ. of Guelph, Guelph, 
Ontario, Canada.

2660. Halverson, Larry J.; Clayton, M.K.; Handelsman, 
J. 1993. Population biology of Bacillus cereus UW85 in 
the rhizosphere of fi eld-grown soybean. Soil Biology & 
Biochemistry 25(4):485-93. April [27 ref]
• Summary: “The proportion of the heterotrophic bacterial 
population that was represented by UW85n I was generally 
largest right after planting and decreased at subsequent 
sampling times. Our results indicate that UW85n1 grew and 
spread on soybean roots, and it persisted in the rhizosphere 
until seed harvest.” Address: Dep. of Plant Pathology, 
Institutes for Environmental Studies and Department of 
Statistics, Univ. of Wisconsin, Madison, WI 53706.

2661. Chien, S.H.; Carmona, G.; Menon, R.G.; Hellums 
D.T. 1993. Effect of phosphate rock sources on biological 
nitrogen fi xation by soybean. Fertilizer Research 34(2):153-
159. June. [11 ref]
• Summary: Many legumes are limited by nutrient 
defi ciencies in the soil, especially of phosphorus (P).
 “Very little information is available concerning the 
effect of phosphate rock (PR) sources on biological nitrogen 
fi xation (BNF) in legume crops.” “Phosphorus (P) plays a 
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key role in biological nitrogen fi xation (BNF).” “A linear 
relationship was found between the amount of BNF by the 
whole soybean plant and the soybean seed yield.” Address: 
Resources Management Research and Development Div., 
International Fertilizer Development Center (IFDC), P.O. 
Box 2040, Muscle Shoals, Alabama 35662.

2662. Cassman, K.G.; Singleton, P.W.; Linquist, B.A. 1993. 
Input/output analysis of the cumulative soybean response to 
phosphorus on an Ultisol. Field Crops Research 34(1):23-36. 
July. [19 ref]
• Summary: “Although biological N2 fi xation (BNF) by 
legumes can provide signifi cant N inputs to crop systems on 
highly weathered tropical soils, potential inputs from BNF 
largely depend on soil P supply.”
 “The potential for greater P input use effi ciency with 
time when inputs exceed outputs means that farmers’ average 
and marginal return from investment in P fertilizer will also 
increase with time.” Address: 1. International Rice Research 
Institute, Manila, Philippines; 2-3. NiFTAL Project, 1000 
Holomua Ave, Paia, Hawaii, USA.

2663. Bennett, Joan W.; Phaff, Herman J. 1993. 
Early biotechnology: The Delft connection. Early 
Dutch microbiologists fostered their own golden age 
of microbiology. ASM News (American Society for 
Microbiology) 59(8):401-04. Aug. [7 ref]
• Summary: Delft is a small city in the Netherlands between 
Rotterdam and the Hague. Best known for its distinctive 
blue and white porcelain and as the birthplace of the painter 
Jan Vermeer (1732-1675), it also has a special place in 
the history of microbiology. “For example, Antonie [also 
spelled Anton or Antony] van Leeuwenhoek (1632-1723), 
the ‘Father of Microbiology’ [and the inventor of the 
microscope], lived in Delft and is buried in a place of honor 
in the Oude Kerk (Old Church). Less well known are two 
other microbiologists, Martinus Willem Beijerinck (1851-
1931 [pronounced BAI-rink, also spelled Beyerinck]) and 
Albert Jan Kluyver (1888-1956). In succession these men 
held the chair of general and applied microbiology in the 
Department of Chemical Technology of the Technological 
University of Delft, making the ‘Delft School’ famous and 
creating a remarkable scientifi c tradition. It can be argued 
that both general microbiology and classical biotechnology 
came of age in Delft.”
 “Martinus Willem Beijerinck was called ‘one of the 
big four in bacteriology’ (also with Winogradsky, Pasteur, 
and Koch) by Grainger in his Guide to the History of 
Bacteriology.” Beijerinck did his doctoral studies at Leiden 
University on the morphology of plant galls. He then taught 
at the Agricultural University (Hoogeschool) in Wageningen. 
“His work came to the attention of Prof. Hugo de Vries (one 
of the three rediscoverers of Mendel, in 1900), and in 1883, 
just 7 years after receiving his Ph.D., Beijerinck was elected 

to the Royal Academy of Sciences in Amsterdam.
 “In Delft, the director of the Nederlandsche Gist-en 
Spiritus fabriek (‘Netherlands Yeast and Alcohol Works,’ 
now Gist-Brocades) was an enlightened industrialist named 
J.C. van Marken. A graduate of the Technological University 
in Delft, his company specialized in the production of 
baker’s yeast and alcohol.” Believing that the success of 
his company depended on strong basic research, he hired 
Beijerinck in 1884 to head his new laboratory. Beijerinck 
accepted the offer on 1 January 1885 and started work 
in Delft at twice what he was earning as a teacher the 
following September. He was charged with studying the 
basic properties of yeasts and microbial contaminants. 
“Simultaneously, ‘in his spare time,’ he isolated the fi rst pure 
cultures of nitrogen-fi xing bacteria from root nodules...”
 “Beijerinck’s remarkable achievements attracted 
attention, and he was offered several positions outside 
Delft. van Marken, motivated perhaps by a desire to keep 
this genius close by, was infl uential in creating the chair 
of general and applied microbiology in the Polytechnical 
University in Delft. In 1895 [after 10 years at Gist en 
Spiritus], Beijerinck became a professor and remained 
at the university until his [forced] retirement in 1921.” 
“Beijerinck was notorious for his stern manner; his contempt 
for beer, tobacco, and women; and his uncompromising 
temperament.” His insights founded virology. He introduced 
the genera Lactobacillus, Aerobacter, and Acetobacter. And 
he isolated and described the fi rst free-living nitrogen-fi xing 
bacteria.
 A photo shows Beijerinck in his laboratory at the 
Technological University, Delft. Address: 1. Prof. of Cell and 
Molecular Biology, Tulane Univ., New Orleans, Louisiana; 
2. Prof. Emeritus, Dep. of Food Technology, Univ. of 
California, Davis.

2664. Centro de Investigación Agrícola Tropical (CIAT). 
1993. Preselección de cepas de Bradyrhizobium japonicum 
para la inoculación de la soya [Preselection of stocks of 
Bradyrhizobium japonicum for inoculation of soybeans]. 
Santa Cruz, Bolivia. 18 p. Sept. [Spa]*

2665. Kalalova, S.; Simon, T. 1993. Ucinnost komercnich 
inokulacnich preparatu pro soju [Effi ciency of commercial 
inoculants for soybean]. Rostlinna Vyroba (Plant Production) 
39(9):827-834. [Sept.]. [13 ref. Cze; eng]
• Summary: “To reach high soybean yields, it is suitable to 
use inoculants, especially in those growing areas where soils 
do not contain native populations of appropriate rhizobia or 
where their occurrence is limited. To observe growth and 
yields of soybean treated by different commercial inoculants, 
was the object of this paper.
 “Pot vegetation experiment with soil, as well as fi eld 
experiment, were carried on. The infl uence of different 
irrigation doses upon soybean growth and yield was 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   964

© Copyright Soyinfo Center 2018

established in both types of experiments. Five commercial 
inoculants (originating in the USA, Great Britain, France, 
Austria and the Czech Republic) were used in the 
experiment. Before starting the experiments, their quality 
was tested from the point of view of rhizobial cells quantity 
in 1 g of inoculant, as well as from that of their microbial 
purity. For control, non-inoculated variants were found. 
Inoculation was done by mixing moistured seed with 
appropriate quantity of inoculant close to sowing. The Czech 
variety Polanka was used in the experiment. Nodulation, 
as well as the number, weight and nitrogenase activity of 
nodulated roots, were observed during the plant vegetation. 
In the moment of full ripeness yield parameters and their 
structures were observed.
 “During seed inoculation 100,000 to 1,000,000 
Bradyrhizobium japonicum cells were added to each seed. 
This quantity is considered as minimal necessary for 
the inoculation effect to be evident. Relatively balanced 
bradyrhizobia cells quantities formed signifi cantly 
distinguished numbers of nodules per plant in dependence 
to the inoculant used, but no signifi cant differences were 
found in the plant biomass. Limited irrigation signifi cantly 
reduced the nodule formation, their weight and nitrogenase 
activity with all the inoculants. The seed yield too was highly 
reduced at limited irrigation. Seed yield was dependent 
mainly on pod spreading on the plant and on their weight. 
Signifi cant differences were found in inoculants as far as 
the seed yield is concerned, application of each inoculant 
increased the soybean seed yield above the level of the 
untreated variant. Some signifi cant infl uences of interactions 
inoculation x irrigation were found.” Address: Research Inst. 
of Crop Production, Prague (Vyzkumny Ustav Rostlinne 
Vyroby, 161 06 Prague 6 Ruzyne, Czech Republic).

2666. Stoorvogel, J.J.; Smaling, E.M.A.; Janssen, B.H. 
1993. Calculating soil nutrient balances in Africa at different 
scales. I. Supra-national scale. Fertility Research 35(3):227-
235. Oct. [33 ref]
• Summary: “Nutrient balances were calculated for the 
arable soils of 38 sub-Saharan African countries. FAO 
production fi gures and forecasts for 35 crops for the period 
1982-1984 and for 2000 were used to defi ne land use 
systems, further characterized by fertility input through 
fertilizers, manure, rain and dust, biological N-fi xation, 
and sedimentation, and fertility output through harvest of 
crops and removal of residues, leaching, denitrifi cation, and 
erosion... The alarming annual average nutrient loss for sub-
Saharan Africa was 22 kg N [per ha], 2.5 kg P, and 15 kg 
K in 1982-84, and will be 26 kg N, 3 kg P, and 19 kg K in 
2000.”
 Note 1. This journal was later renamed “Nutrient 
Cycling in Agroecosystems.”
 Note 2. Soy is mentioned only once in this article, as 
“harvested in rotation with soybean.” Address: 1-2. DLO The 

Winand Staring Centre for Integrated Land, Soil and Water 
Research (SC-DLO), P.O. Box 125, 6700 AC Wageningen, 
The Netherlands.

2667. Centro de Investigación Agrícola Tropical (CIAT). 
1993. La inoculatión de soya con Bradyrhizobium 
japonicum. Resultados de los ensayos de campo en las 
campañas de invierno, verano 1991/92 y verano 1992/93 
[Inoculation of soybeans with Bradyrhizobium japonicum. 
Results of fi eld trials during the rainy season (winter) of 
1991, summer of 1991/92 and rainy season of 1992/93]. 
Santa Cruz, Bolivia. 24 p. Nov. [Spa]*

2668. Sharaiha, Ramzi Khalil; Hattar, Butros. 1993. 
Intercropping and poultry manure effects on yields of corn, 
watermelon and soybean grown in a calcareous soil in the 
Jordan Valley. J. of Agronomy and Crop Science–Zeitschrift 
fuer Acker- und Pfl anzenbau 171(4):260-67. Nov. [22 ref. 
Eng; ger]
• Summary: Field trials were conducted during the 1988 and 
1989 summer growing seasons at the University of Jordan 
Research Station in the central Jordan Valley, about 250 
meters below sea level on sandy clay loam calcareous soil. 
They studied the potential and response of 3 summer crops to 
intercropping and poultry manure application.
 “Inorganic fertilizers have long been used for irrigated 
fi eld crops in the Jordan Valley without any environmental 
safeguard especially for the expected leaching as well as 
accumulation of fertilizers that might affect the soil as well 
as ground water in the long run. However, this problem could 
be reduced by shifting to more organic fertilizers along with 
applying an intercropping system.” Intercropping often gives 
more total yield than sole cropping and makes more effi cient 
use of resources. Legume crops have been found to have 
particular signifi cance in intercropping because they often 
leave nitrogen in the soil for subsequent non-legume crops.
 The soybean variety Merit was fi rst planted in early 
March 1988 and cultivated as a sole crop and as an intercrop 
in 3 paired combinations, with 3 levels of poultry manure. 
The highest yields for the two cropping systems were 
obtained with the highest level of poultry manure (40 
tonnes/ha). Soybeans gave the highest yield when grown 
with maize, and vice versa, leading to increases of 35% and 
34% over soybean grown as a sole crop at the same poultry 
manure level in 1988 and 1989, respectively.
 The land equivalent ratios values for all intercrop 
treatments were greater than 1.0, indicating the superiority of 
intercropping over sole cropping, especially were 40 tonnes/
ha of poultry manure were added. Address: 1. PhD, Assoc. 
Prof., Plant Production Dep.; 2. Assoc. Prof., Soils and 
Irrigation Dep. Both: Univ. of Jordan, Faculty of Agriculture, 
Amman, Jordan.

2669. Ohyama, T.; Nicholas, J.C.; Harper J.E. 1993. 
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Assimilation of 15N2 and 15NO3- by partially nitrate-tolerant 
nodulation mutants of soybean. J. of Experimental Botany 
44(269):1739-47. Dec. [32 ref]
• Summary: “These results further confi rm that the 
hypernodulated mutants of Williams are similar in many 
respects to the hyper- or supernodulated mutants in the 
Bragg background, and suggest that a common mutational 
event affecting autoregulatory control of nodulation has 
been targeted.” Address: 1. Dep. of Agricultural Chemistry, 
Niigata Univ., Niigata, 950-21, Japan.

2670. Bohorqez, A.; Jiminez, J.; Oller, V.; Munoz, A.; 
Pynenborg, J. 1993. La inoculacion de soya (Glycine max. 
L.) con Bradyrhizobium japonicum: Resultados de los 
ensayos de campo en las campanas invierno 1991, verano 
1991/92 y verano 1992/93 [Inoculation of soyabeans 
(Glycine max. L.) with Bradyrhizobium japonicum: Results 
of fi eld trials in winter 1991, summer 1991/92 and summer 
1992/93]. Avances de Investigacion Centro de Investigacion 
Agricola Tropical. No. 3. 21 p. [8 ref. Spa]*
Address: Centro Investigacion Agricola Tropical (CIAT), 
Santa Cruz, Bolivia.

2671. Mulongoy, K. 1993. Advanced breeding and plant 
biotechnology in francophone Africa. Biotechnology and 
Development Monitor No. 16. p. 21-22. [3 ref]*
• Summary: In Madagascar, research is underway on 
biological nitrogen fi xation of groundnuts, bambara 
groundnuts (Vigna subterranea), and soybeans, and the 
production of biostimulants.

2672. Okereke, U., Eaglesham, R.J. 1993. Nodulation and 
nitrogen fi xation by 79 `promiscuous’ soyabeans genotypes 
in soil in east Nigeria. Agronomie Africaine 2:123-36. *

2673. Takahashi, Yoshihiko; Chinushi, Toshiaka; Nakano, 
Tomio; Ohyama, Takuji. 1993. [Behavior of fertilized 
N from top-dressed or deep placed coated urea in soil 
of soybean fi eld]. Japanese J. of Soil Science and Plant 
Nutrition (Tokyo) 64(2):338-40. [10 ref. Jap]
Address: Japan.

2674. Ofosu-Budu, Godfred K.; Sumiyoshi, D.; Matsuura, 
H.; Fujita. K. 1993. Signifi cance of soil N on dry matter 
production and N balance in soybean/sorghum mixed 
cropping system. Soil Science and Plant Nutrition (Tokyo) 
39(1):33-42. [24 ref]
• Summary: Many legumes are limited by nutrient 
defi ciencies in the soil, especially of phosphorus (P). “... it is 
suggested that a certain amount of N is essential for a high 
dry matter production and N economy in the mixed cropping 
system.” Address: Faculty of Applied Biological Science, 
Hiroshima Univ., Higashihiroshima, 724 Japan.

2675. Olivares, J.; Newton, W.E. 1993. Competitiveness 
of Rhizobium strains for nodule occupancy. In: Rafael 
Palacios, Jaime Mora and William E. Newton, eds. 1993. 
New Horizons in Nitrogen Fixation: Proceedings of the 
9th International Congress on Nitrogen Fixation, Cancún, 
Mexico, December 6-12, 1992. Dordrecht, Netherlands; 
Boston, Massachusetts: Kluwer Academic Publishers. xvi + 
788 p. See p. 773-775. Illust. 25 cm. Series: Current Plant 
Science and Biotechnology in Agriculture, Vol. 17.
• Summary: “One of the most interesting aspects of 
Rhizobium and Bradyrhizobium ecology is the competition 
for nodulation between strains. Native rhizobial populations, 
often poorly effective for symbiotic nitrogen fi xation, are 
well adapted to soil conditions and are able to occupy most 
of the nodules formed in the presence of bacterial strains 
applied to seeds. This is a cause of the common failure of 
attempts carried out to improve productivity in agricultural 
fi elds by inoculation with superior strains of root nodule 
bacteria.”

2676. Palacios, Rafael; Mora, Jaime; Newton, William E. 
1993. New Horizons in Nitrogen Fixation: Proceedings of 
the 9th International Congress on Nitrogen Fixation, Cancún, 
Mexico, December 6-12, 1992. Dordrecht, Netherlands; 
Boston, Massachusetts: Kluwer Academic Publishers. xvi 
+ 788 p. Illust. 25 cm. Series: Current Plant Science and 
Biotechnology in Agriculture, Vol. 17
Address: 1-2. Centro de Investigacion Sobre Fijacion de 
Nitrogeno, UNAM, Cuernavaca, Morelos, Mexico.

2677. Agri-Book Magazine (Exeter, ONT, Canada). 1994. 
Beans in Canada. 20(5):1-40. Feb.
• Summary: This entire special issue is about soybeans 
in Canada, with emphasis on soybean production. The 
magazine is printed with soy ink. Articles include: Inoculant 
report. Northrop King on the move–for you. Soybeans, 
weeds, and management. Energy and effi ciency (No till 
requires less diesel fuel [but much more herbicides]). 
Soybean board report: New [industrial] uses for soybeans, 
soybeans in space, the oils and fats balance (trans fatty 
acids). Long on life, short on emissions (Soydiesel), Quality 
control (ISO 9002–an international set of standards covering 
all industries, dedicated to total quality management). Plant 
breeding: Looking back and ahead. First the market (Pioneer 
Hi-Bred’s Specialty Plant Products Division). Bins for beans 
(on-farm storage). Far East Market can double (selling 
soybeans for food uses in East Asia). Trials a think of the 
past (no-till). There’s profi t in the coming soybean shortage. 
Don’t let cyst nematodes manage you.

2678. Moharram, T.M.M; Safwat, M.S.A; Farghaly, M.M. 
1994. Effect of inoculation rates and phosphorus fertilization 
on nitrogen fi xation in soyabean. African Crop Science 
Journal 2(1):125-29. March. [17 ref. Eng; fre]
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• Summary: Field experiments were conducted to study the 
effect of inoculation rates (104 and 108 rhizobial cells per 
100 g of seeds) and phosphorus fertilizations (0 and 20 kg 
P per ha) on N-fi xation, yield and N and P uptake for two 
cultivars of soybean (Clark and Crowford). Inoculation 
stimulated nodule formation and N-fi xation. Application of 
phosphorus at the inoculation rate of 108 r.c. per 100 g seeds 
signifi cantly increased the amount of nodules and N-fi xed. 
Cultivar Clark performed better than Crowford. Address: 
Dep. of Agricultural Microbiology, Faculty of Agriculture, 
Minia Univ., Minia, Egypt.

2679. Ohyama, Takuji; Ohtake, N.; Nishiwaki, T.; 
Mizukoshi, K.; Minagawa, R.; Kobayashi, K.; Chinushi, T.; 
Takahashi, Y. 1994. Effect of N fertilization on seed quality 
and xylem transport forms in nodulating and non-nodulating 
soybean isolines. Niigata Daigaku Nogakubu Kenkyu 
Hokoku (Bulletin of the Faculty of Agriculture, Niigata 
University) No. 46. p. 57-70. March. [22 ref. Eng; jap]
• Summary: “Abstract: Three fertilizer treatments: Control, 
conventional basal dressing of 16KgN/ha as ammonium 
sulfate; Basal deep placement of 100KgN/ha as 100d type 
coated urea; and Top dressing of 100KgN/ha as 70d type 
coated urea just after the fl owering stage. Seed yield of non-
nodulating isoline (T201) with control treatment was very 
low at about 70g/m2 due to the limitation of N supply. Deep 
placement and top dressing of coated urea increased seed 
yield to about 230g/m2 by supplementing N from fertilizer. 
Concerning to nodulating isoline T202, deep placement of 
coated urea increased the amount of assimilated N in shoots 
compared with control plants, but seed yield was almost the 
same about 460g/m2 between control and deep placement 
treatments. On the other hand, the seed yield of T202 with 
top dressing of coated urea was decreased to 360g/m2, 
possibly due to depression of N2 fi xation in maturing stage.
 “The seed quality of nodulating isoline T202 was not 
signifi cantly affected by three N fertilization treatments. 
However, the concentration of starch, soluble sugar, oil, P, 
K, Ca was higher in T201 than T202 in each treatment. This 
phenomenon might be due to the lower accumulation of 
storage protein in seed.
 “The beta subunit of beta-conglycinin was specifi cally 
absent in the seeds of non-nodulating T201 plants in 
irrespective of fertilizer treatments. Relative abundance of 
beta-conglycinin appeared to be affected by N status of the 
plants.
 “The concentration of N constituents in xylem sap was 
periodically analyzed. In control treatment, the concentration 
of ureide-N was consistently high in nodulating isoline. 
Ureide-N was signifi cantly low but steadily detected in 
non-nodulating isoline. In deep placement of coated urea, 
the ureide-N concentration in T202 was initially low, but it 
became higher during maturing stages. Among amino acids 
and amides, Asn and Asp were principal compounds in 

xylem sap, and accounted for 60-80% of total amino acids-N. 
When N was suffi ciently supplied, Asn was a dominant 
amino-N, but when the availability of N became lower, Asp 
substituted for Asn in xylem sap. The relationship between 
transport forms of N and beta subunit formation in seeds has 
not decided.” Address: Niigata Agric. Exp. Station, Niigata, 
Japan.

2680. Takahashi, Yoshihiko; Chinushi, T.; Nakano, T.; 
Ohyama, T. 1994. [Yield components of soybean plants with 
deep placement of N fertilizer, related to high productivity]. 
Niigata-ken Nogyo Shikenjo Kenkyu Hokoku (J. of Niigata 
Agricultural Experiment Station) No. 40. p. 7-15. March. [15 
ref. Eng; jap]
• Summary: “Soybean plants... were cultivated in the 
drained paddy fi eld with the deep placement of controlled 
release nitrogen fertilizer (coated urea). By the past three 
years experiments (in 1989-1991), the seed yield of soybean 
treated with deep placement treatment was consistently 
higher at 10-23% than the control plants. This promoting 
effect of seed yield by the deep placement was mainly due to 
the effective absorption of fertilizer-N without concomitant 
depression of N2 fi xation. The seed yield exhibited 
signifi cant linear correlation with the amount of accumulated 
N in shoot.” Address: Niigata, Japan.

2681. Salama, Adel M.; Sinclair, Thomas R. 1994. Soybean 
nitrogen fi xation and growth as affected by drought stress 
and potassium fertilization. J. of Plant Nutrition 17(7):1193-
1203. June. [26 ref]
• Summary: Drought stress was found to have strongly 
negative effects on symbiotic nitrogen fi xation by soybeans 
grown under greenhouse conditions. Seed yield was 
optimized by the medium potassium treatment (50 mg 
of potassium oxide per kg of soil); the total accumulated 
nitrogen was lowest at the highest potassium treatment. 
Overall, there was little effect of potassium treatment on 
the nitrogen fi xation of soybeans under drought. Address: 
Faculty of Agriculture, Mansoura Univ., Mansoura, Egypt.

2682. Hartwig, E.E. 1994. Registration of near-isogenic 
soybean germplasm lines D68-0099 and D68-0102, differing 
in ability to form nodules. Crop Science 34(3):822. May/
June. [3 ref]
• Summary: “D68-0099 (nonnodulating) (Reg. no. GP-158, 
P1 573285) and D68-0102 (nodulating) (Reg. no. GP-159, 
P1 573286) are near-isogenic soybean... lines released to 
provide germplasm for research purposes.” Address: P.O. 
Box 196, Stoneville, Mississippi 38776.

2683. Hirsch, Ann M.; Fang, Yiwen. 1994. Plant hormones 
and nodulation: what’s the connection? Plant Molecular 
Biology 26(1):5-9. Oct. [22 ref]
• Summary: “Figure 1 summarizes the various ways the 
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phytohormones and other factors may control nodulation. 
Experimental data implicate all of the known hormones in 
nodulation.” Address: Dep. of Biology, 405 Hilgard Avenue, 
Univ. of California, Los Angeles, CA 90024-1606.

2684. IITA. 1994. Annual report 1993. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 65 p. 
28 cm.
• Summary: Contents: Director General’s report. Research 
perspectives. Resource and crop management. Crop 
improvement. Plant health management. International 
cooperation. For the record.
 IITA experienced funding cutbacks in 1993 and in 
3 of the last 5 years, but in 1993 still had core funding 
of US$20.8 million and additional Special Project 
Funding of US$13,267,000, totaling $34,086,000. IITA 
is actively involved in environmental work, trying to 
achieve agroecological sustainability, using integrated pest 
management and other techniques. A color map (p. 9) shows 
agroecological zones of humid and subhumid tropical Africa. 
The four main zones are: Arid and semi-arid lands, mid-
altitude savanna and woodlands, moist savanna (good for 
soybeans and other legumes), and humid forest.
 In West Africa, for all crops, population-driven 
agricultural systems occupy 66.5% of the land area, while 
market-driven systems occupy the other 33.5%. Three 
countries–Nigeria (40%), Côte d’Ivoire (28%), and Ghana 
(12%)–together account for 80% of the area in West Africa 
where the systems are market driven. Kudzu (Pueraria) is 
being tested extensively with good results in fallow systems 
for sustainable farming. Earthworm cast production is 
highest under kudzu live mulch.
 The section on “Crop Improvement Highlights 1993” 
(p. 21-24) discusses: Seed of IITA soybean varieties were 
available in the commercial sector, sold by Pioneer Hi-Bred 
and UAC in their catalogs. The effectiveness of promiscuous 
nodulation of soybean in farmers’ fi elds was confi rmed in 
1993. Soybean in Nigeria: As crop’s commercial success 
grows, researchers address linked problems. Ghana and 
Malawi are promoting soybean production. From 1987 to 
1993 the soybean utilization project has been funded by 
the International Development Research Centre (IDRC) of 
Canada and the Japan International Cooperation Agency 
(JICA). In Feb. 1991, the project identifi ed 21 companies 
in Nigeria which used soybean as an ingredients in their 
products or projects. By 1993 that number had jumped to 
50. “In July 1993, IITA held a workshop of small-scale and 
industrial soybean processors, which brought together the 
whole spectrum of producers from the cottage-industry to 
large-scale levels, as well as soybean growers.” Production 
and marketing information gathered by the IDRC project 
was reviewed. Producers and processors exchanged views on 
development of soy-based food products and the associated 
equipment and machinery for their manufacture.” Today the 

demand for soybeans in Nigeria exceeds the supply.
 In 1992 only 4.3% of IITA’s core budget went to 
cowpeas and soybeans, decreasing to 3.1% in 1993. Page 50 
shows the 33 main IITA donors in 1993. Those giving more 
than US$1 million are: USAID ($9,727,000), World Bank 
($4,200,000), Japan ($3,584,000), Canada ($1,448,000), and 
Netherlands ($1,400,000).
 During 1993/94 IITA improved soybean germplasm was 
released in Ghana, Nigeria, and Zaire. Address: PMB 5320, 
Oyo Road, Ibadan, Nigeria.

2685. Johnston, Robert L., Jr. 1994. Johnny’s Selected 
Seeds–1995 (Mail order catalog). Albion, Maine: Johnny’s 
Selected Seeds. 136 p. See p. 12, 116.
• Summary: Various types and varieties of soybeans are sold. 
Black vegetable soybeans: Black Jet (104 days, dry). “Green 
vegetable soybeans:” Envy (75 days). Butterbeans (90 days). 
A packet costs $2.05, and one lb costs $7.40. “Developed to 
be eaten in the fresh shell stage, green seeded soybeans have 
a delicious, buttery fl avor and tender-fi rm texture. Relished 
in Japan as a snack with beer where the beans are cooked in 
the pod and popped out as needed... quite a lot like peanuts 
in the shell! They are not only better adapted to Northern 
growing conditions than limas (to which they taste similar), 
but also have more protein and better yields. Fresh green 
soybeans freeze very well and are more easily digested than 
yellow [dry] soybeans.” A color photo shows “Butterbeans–
Delicious green vegetable soybeans.”
 Various legume inoculants, including soybean 
inoculants, are also sold (p. 116) They are natural, dry, peat-
based cultures of benefi cial bacteria for treating seeds of 
legumes prior to planting. Inoculants have expiration dates. 
Always buy a fresh supply to insure viability. Inoculant to 
treat 15 lb of soybean seeds costs $1.95. Address: Founder 
and Chairman, JSS, Foss Hill Road, Albion, Maine 04910. 
Phone: (207) 437 4301.

2686. Javaheri, F. 1994. Nitrogen fi xation by promiscuous 
soyabean varieties in small scale cropping systems of 
Zambia and Zimbabwe. PhD thesis, Dep. of Crop Science, 
University of Zimbabwe, Harare, Zimbabwe. 235 p. *
Address: Harare, Zimbabwe.

2687. Cattelan, A.J.; Hungria, M. 1994. Nitrogen nutrition 
and inoculation. In: Brazilian Agricultural Research 
Enterprise, National Soybean Research Center (EMBRAPA-
CNPSo), comp. and ed. 1994. Tropical Soybean: 
Improvement and Production. Rome, Italy: United Nations 
Food and Agriculture Organization (FAO). 254 p. See p. 
201-15. Illust. Plant and Production Series, No. 27. [117 ref]
• Summary: Contents: Introduction. Inoculants and 
inoculation procedures: Slurry method, sprinkle method, 
dry or powder method, soil inoculation method. Factors 
affecting success of inoculation: Compatibility with 
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pesticides, soil factors, competitiveness with indigenous 
bradyrhizobia, inoculation under adverse conditions. Fast-
growing strains and promiscuous cultivars. Other lines of 
research to improve N2-fi xation: Hydrogenase activity, ureide 
metabolism, “supernodulating” mutants. Ontogeny and 
quantifi cation of N2-fi xation. Nitrogen fertilization versus N2-
fi xation. Perspectives for the future. Address: EMBRAPA-
CNPSo, Londrina, PR, Brazil.

2688. Gazzoni, D.L. 1994. Botany. In: Brazilian Agricultural 
Research Enterprise, National Soybean Research Center 
(EMBRAPA-CNPSo), comp. and ed. 1994. Tropical 
Soybean: Improvement and Production. Rome, Italy: United 
Nations Food and Agriculture Organization (FAO). 254 p. 
See p. 1-12. Illust. Plant and Production Series, No. 27. [45 
ref]
• Summary: Contents: Taxonomy. Morphology: Seed, 
stem, leaves, pubescence, fl owers, pods, roots, nodules. 
Stage of development descriptions. Physiological aspects: 
Photoperiodism. Address: EMBRAPA-CNPSo, Londrina, 
PR, Brazil.

2689. Giller, K.E.; McDonagh, J.F.; Cadisch, G. 1994. Can 
biological nitrogen fi xation sustain agriculture in the tropics? 
In: J.K. Syers and D.L. Rimmer, eds. 1994. Soil Science and 
Sustainable Land Management in the Tropics. Wallingford, 
England: CAB International. xiv + 290 p. See p. 173-191. 
Chap. 12. [32 ref]
• Summary: “The biological fi xation of nitrogen (N) is an 
enormous resource for the maintenance and improvement 
of soil fertility in the tropics.” Address: Dep. of Biological 
Sciences, Wye College, Univ. of London, Wye, Ashford, 
Kent TN25 5AH, UK.

2690. Ohtake, Norikuni; Nishiwaki, T.; Mizukoshi, K.; 
Chinushi, T.; Takahashi, Y.; Ohyama, T. 1994. Lack of Beta-
subunit of Beta-conglycinin in non-nodulating isolines of 
soybean. Soil Science and Plant Nutrition (Tokyo) 40(2):345-
49. [15 ref]
• Summary: “Soybean seed storage protein is a very 
important protein source for human and livestock, and its 
amino acid composition is well-balanced except for the 
low level of sulfur amino acids, methionine, and cysteine, 
beta-Conglycinin (7S globulin) and glycinin (11S globulin) 
are the major storage proteins in soybean seeds, and beta-
conglycinin consists mainly of alpha’, alpha, and beta-
subunits and glycinin consists of acidic and basic subunits.” 
Address: 1-3. Faculty of Agriculture, Niigata Univ., Niigata, 
950-21 Japan.

2691. Ohyama, T.; Ohtake, N.; Chinushi, T.; Takahashi, Y. 
1994. [Effect of deep placement of coated urea slow release 
nitrogen fertilizer on chemical composition of soybean 
seeds]. Japanese J. of Soil Science and Plant Nutrition 

(Tokyo) 65:41-47. [21 ref. Jap; eng]
• Summary: “A new fertilization technique for soybean, 
a deep placement of coated urea, promotes seed yield by 
supplementing N without depressing N2 fi xation activity. 
The seed quality related to chemical composition of soybean 
cultivated with deep placement was compared with those 
with a conventional basal dressing of small amount of 
ammonium sulfate or top dressing of coated urea.
 “The N in seed was mostly distributed in 80% ethanol 
insoluble fraction, and only a small fraction (2%) was in 
soluble form. The concentration of soluble N, primarily in 
the form of free amino acids, was almost the same among 
treatments. The insoluble N concentration was almost the 
same between control and deep placement.
 “Also the concentration of starch and oil was similar 
among treatments or years. The soluble carbohydrate, 
especially sucrose, was signifi cantly abundant in seed with 
deep placement of coated urea. The level of oligosaccharides, 
galactinol, raffi nose, stachyose, was not consistently affected 
by fertilizer treatments. The concentration of P, K, Ca, 
Mg, Na, and Fe in the seed was almost the same among 
treatments.
 “Concerning the storage protein, the relative abundance 
of glycinin and beta-conglycinin was not affected by 
fertilizations, but the beta-subunit of beta-conglycinin 
increased a little by top dressing and deep placement 
treatments compared with control.
 “Based on the analysis of chemical composition, it 
was concluded that the seed quality of soybean was not 
deteriorated by deep placement of coated urea and was 
essentially the same as conventional fertilization treatment.” 
Address: Niigata Univ., Niigata, Japan.

2692. Pepper, Gary E. 1994. Soybeans. In: Charles J. 
Arntzen and Ellen M. Ritter, eds. 1994. Encyclopedia of 
Agricultural Science. 4 vols. San Diego: Academic Press. 
See vol. 4, p. 193-202. Illust. Index. 29 cm. [6 ref]
• Summary: Contents: Glossary: Bradyrhizobium, cation 
exchange capacity, determinate growth, green manure crop, 
hectare, herbicide, lodging, pH, photoperiodic response, 
shatter, variety (cultivar), vegetable oil.
 Introduction. Production practices: Variety selection, 
crop rotations, seedbed preparation for planting, soil 
fertility–mineral nutrition, date of seeding, planting row 
space, plant densities, pest management (weeds, insects, 
diseases and nematodes, scouting and pest management), 
harvest.
 U.S. production and utilization: Production regions 
and costs, protein and oil separation [crushing; a bushel 
of soybeans yields a little over 11 lbs of oil and 47 lbs of 
protein-rich meal], consumption.
 Tables: (1) U.S. soybean production and exports (1930-
1991). (2) Soybean production by major world growers 
(1972, 1982, 1992). USA, Brazil, Argentina, China. (3) 
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Seeding delay effects on soybean yield in central Corn Belt 
states. (4) Double-crop planting of soybeans in selected 
states, average of 1990-1992 (% of acres seeded as double 
crop; Georgia is highest at 46%). (5) Major soybean 
producing states, average total production, and yield per 
hectare for the period 1984-1993. In descending order of 
tonnes produced, the states are: Illinois, Iowa, Indiana, 
Minnesota, Missouri, Ohio, total USA. (6) Sources of edible 
oils for the fats and world, 1991. Soybean, corn, cottonseed, 
coconut, palm, rapeseed, sunfl ower, others.
 Figures: Distribution of soybean Maturity Groups 
adapted to North America (from Scott & Aldrich 1983). 
Address: Univ. of Illinois, Urbana, IL 61801.

2693. Swift, M.J.; Dvorak, K.A.; Mulongoy, K.; Musoko, 
M.; Sanginga, N.; Tian, G. 1994. The role of soil organisms 
in the sustainability of tropical cropping systems. In: 
J.K. Syers and D.L. Rimmer, eds. 1994. Soil Science and 
Sustainable Land Management in the Tropics. Wallingford, 
England: CAB International. xiv + 290 p. See p. 155-72. 
Chap. 11. [32 ref]
• Summary: The diverse and varied soil microorganisms 
play a variety of roles which can be grouped into fi ve 
categories:
 “1. facilitating nutrient acquisition by the vegetation 
through the agency of mycorrhiza and nitrogen-fi xing 
organisms;
 “2. regulating the retention and fl ow of nutrients 
in the system through the processes of decomposition, 
mineralization, and immobilization;
 “3. mediating the synthesis and breakdown of soil 
organic matter (humus);
 “4. infl uencing the availability of water to the plant by 
modifi cation of soil structure and water regimes; and
 “5. modifying the health of the plant by parasitism and 
pathogenesis.
 “In this paper we will concentrate on the fi rst two of 
these roles, with some reference to the third.” Address: 
1. Tropical Soil Biology and Fertility Programme, c/o 
UNESCO-ROSTA, PO Box 30592, Nairobi, Kenya; 2-6, 
IITA, Ibadan, Nigeria.

2694. Syers, John K.; Rimmer, D.L. eds. 1994. Soil science 
and sustainable land management in the tropics. Wallingford, 
England: CAB International, in association with the British 
Society of Soil Science. xiv + 290 p. Illust. Index. 24 cm.
• Summary: Although soy is not listed in the index, it 
is mentioned on pages 164 and 176. Address: Dep. of 
Agricultural and Environmental Science, Univ. of Newcastle 
upon Tyne, UK.

2695. Rosas, Juan Carlos; Young, Roberto A. 1994? El 
cultivo de la soya. Quinta edición [The cultivation of 
soya. 5th ed.]. Departamento de Agronomía (Zamorano, 

Honduras), Publication No. AG-9603. 68 p. Undated. [Spa]
• Summary: Contents: 1. Overview: Economic importance, 
chemical composition, history, taxonomy. 2. Morphology 
of the soybean plant. 3. Physiology of the growth and 
development of the soybean plant: Stages of development. 
4. Environmental factors that affect the cultivation of soya: 
Soil, water, irrigation, light / photoperiod, temperature, 
period of growth. 5. Practical cultivation: Preparation of the 
soil, time of planting, density of planting, quantity of seeds, 
systems of cultivation, control of weeds (methods of weed 
control, chemical control). 6. Mineral nutrition of soybeans 
(and inoculation). 7. Diseases that affect the cultivation of 
soybeans and their management: Bacterial, fungal, viral, 
other, seed treatment. 7. Insects that attack soybeans. 8. 
Harvest and storing. 10. Improvement of soybeans. 11. 
Processing and utilization: Industrial processing (extraction 
of oil, soy fl ours, soy protein concentrates {concentrados 
proteícos de soya}, soybean cake). Direct consumption: 
In the Far East, the soybean is consumed in the form of 
fermented and non-fermented foods. Fermented foods 
include shoyu, miso, mato [sic, natto], and tempeh, while 
non-fermented foods include soymilk (la leche de soya), 
tofu, yuba (juba), and kinako. 12. The cultivation of soya in 
Honduras (history).
 In 1972, the Ministry of Natural Resources (Ministerio 
de Recursos Naturales) reported the initiation of commercial 
soybean production on a small scale in various departments 
of the country (Olancho, El Paraíso and Comayagua). 
Three varieties were used at that time: Biloxi, Hardee and 
Jupiter. However, before these reports were made, at the 
Panamerican Agricultural School (la Escuela Agrícola 
Panamerican (EAP)), some hectares had already been 
planted with the varieties Jupiter and Pelican. Discusses 
additional developments in 1974, 1982, 1986, 1987, and 
1988. Address: 1. PhD; 2. PhD.

2696. Ariyo, O.J. 1995. Correlations and path-coeffi cient 
analysis of components of seed yield in soybeans. African 
Crop Science Journal 3(1):29-33. March. [7 ref. Eng; fre]
• Summary: “Nodulation and number of fl owers per plant 
had the largest positive direct effects on seed yield with 
its largest indirect effect through height at fl owering and 
reduction in nodulation, respectively. The study indicated 
that since no one character was absolutely important for 
seed yield, selection should be based on simultaneous 
consideration of various characters.” Address: Dep. of 
Plant Breeding and Seed Technology, Univ. of Agriculture, 
Abeokuta, Nigeria.

2697. Nishiwaki, Toshikazu; Mizukoshi, K.; Kobayashi, 
K.; Ikarashi, T.; Ohyama, T. 1995. Effect of culture medium 
compositions on nodulation, nitrogen fi xation and growth of 
soybean plants. Niigata Daigaku Nogakubu Kenkyu Hokoku 
(Bulletin of the Faculty of Agriculture, Niigata University) 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   970

© Copyright Soyinfo Center 2018

No. 47. p. 73-83. March. [18 ref. Eng; jap]
• Summary: “There were differences in development of root 
system and nodulation patterns between the plants grown 
in vermiculite: perlite and those in solution culture. A lot of 
lateral roots with dense fi ne roots were formed in solution 
culture, but the fi ne roots were sparse in vermiculite: perlite. 
When soybeans were grown in vermiculite: perlite, the 
nodules were formed all over the root system. However, 
nodulation was restricted in the upper part of roots in 
hydroponic plants. This may be due to low oxygen solubility 
in water. We observed that the hypernodulation mutants of 
Williams formed more nodules in submerged part of roots. 
This suggests that these mutants are relatively tolerant 
to anoxia. When soybean cv. Enrei was hydroponically 
cultivated by lowering the level of culture solution and the 
upper part of roots were exposed to air, a large number of 
nodules grew in cluster on the aerial part of roots but almost 
no nodules were formed in the submerged part.” Address: 
Faculty of Agriculture, Niigata Univ., Niigata, Japan.

2698. Nishiwaki, Toshikazu; Ohyama, T. 1995. [Purifi cation 
of soybean leghemoglobin and measurement of the ratio of 
two major leghemoglobin components, Lba, Lbc]. Niigata 
Daigaku Nogakubu Kenkyu Hokoku (Bulletin of the Faculty 
of Agriculture, Niigata University) No. 47. p. 85-92. March. 
[15 ref. Jap; eng]
• Summary: “Summary: It is known that there are 
four components (Lba, Lbc1, Lbc2, Lbc3) in soybean 
leghemoglobin. Soybean leghemoglobin components 
(Lba and Lbc) were separated by native polyacrylamide 
gel electrophoresis as two red bands. In this report, we 
identifi ed these leghemoglobin bands on native-PAGE, and 
invented the method of measuring the ratio of two major 
leghemoglobin components, Lba and Lbc.
 “The leghemoglobin was extracted from soybean 
(Glycine max. cv. Williams) nodules with 0.1 M phosphate 
buffer. Each component was purifi ed by the method 
involving ammonium sulfate precipitation, gel fi ltration 
on Sephadex G-15 and ion exchange chromatography on 
DEAE-Sephacel. The purifi ed leghemoglobin fractions were 
compared with nodule extract on native-PAGE. From the 
result, it was determined that Lba migrated slower than Lbc 
by native-PAGE.
 “The ratio of two major leghemoglobin component was 
measured by spectrophotometer with self-made scanner. 
After Lb was subjected to native-PAGE, the gel was cut 
and scanned by spectrophotometer at 410 nm. The gel 
was scanned by self-made equipment. In this method, the 
component ratio was easily measurable. This equipment 
is useful for gel scanning, because any wavelength can be 
selected for scanning gel.” Address: Niigata Agric. Exp. 
Station, Niigata, Japan.

2699. Ofosu-Budu, K.G.; Noumura, K.; Fujita, K. 1995. 

N2 fi xation, N transfer and biomass production of soybean 
cv. Bragg or its supernodulating nts1007 and sorghum 
mixed-cropping at two rates of N fertilizer. Soil Biology and 
Biochemistry 27(3):311-17. March. [29 ref]
• Summary: “N transfer to the sorghum component in 
association with nts1007 accounted for 11 and 35% of the 
N accumulated at 20 and 90 kg N per ha, respectively. The 
consistent dilution of 15N in the tissues of the sorghum 
component compared to the monocrops suggests that N 
transfer rather than ‘sparing’ of fertilizer N accounted for the 
improved N nutrition. It seems that the more the roots of the 
companion crops were intermingled, the greater the amount 
of N transfer.” Address: Faculty of Applied Biological 
Science, Hiroshima Univ., 4-4 Kagamiyama 1-chome, 
Higashi-Hiroshima City 724, Japan.

2700. Board, J.E.; Tan, Qiang. 1995. Assimilatory capacity 
effects on soybean yield components and pod number. Crop 
Science 35(3):846-51. May/June. [20 ref]
• Summary: “Soybean... yield is more restricted by 
assimilatory capacity (source strength) during the 
reproductive (R1 to R7) compared with vegetative period 
(emergence to R1).”
 “In conclusion, pod number was source restricted 
from R1 to 10 to 12 d after R5. Stresses that restrict source 
strength during this period should be avoided to optimize pod 
number and yield.” Address: Dep. of Agronomy, Louisiana 
Agric. Exp. Station, LSU Agric. Center, Baton Rouge, LA 
70803.

2701. Brown, S.M.; Oparka, K.J.; Sprent, J.I.; Walsh, K.B. 
1995. Symplastic transport in soybean root nodules. Soil 
Biology and Biochemistry 27(4/5):387-99. April/May. [30 
ref]
• Summary: “Summary: C is unloaded from nodule phloem 
and may move via a symplastic or apoplastic route through 
adjacent pericycle cells, then symplastically through the 
vascular endodermis symplastically or apoplastically through 
the cells of the inner cortex and into the cells of the infected 
zone. Uninfected cells form rays and may act as preferred 
pathways leading to the infected cells.”
 Note: The symplast of a plant is the inner side of the 
plasma membrane in which water and low-molecular-weight 
solutes can freely diffuse. The plasmodesmata allow the 
direct fl ow of small molecules such as sugars, amino acids, 
and ions between cells. Inside a plant, the apoplast is the 
space outside the plasma membrane within which material 
can diffuse freely. Address: Dep. of Biology, Univ. of Central 
Queensland, Rockhampton, QLD 4702, Australia.

2702. Takahashi, Yoshihiko. 1995. [Innovation of fertilizer 
application by using controlled-release fertilizers. 3. Deep 
placement technique of coated urea fertilizer in soybean 
plants]. Nihon Dojo Hiryogaku Zasshi (J. of Soil Science and 
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Plant Nutrition) 66(3):277-85. June 5. [30 ref. Jap]
Address: Japan.

2703. Giller, K.E.; Cadisch, G. 1995. Future benefi ts from 
biological nitrogen fi xation: An ecological approach to 
agriculture. Plant and Soil 174(1-2):255-77. July. [105 ref]
• Summary: “Introduction: The biological fi xation of 
atmospheric dinitrogen is a ‘free’ source of N for agriculture. 
In the more developed countries the interest in low-external-
input agriculture is driven largely by overproduction and 
concerns of the environmental effects of intensive agro- 
chemical use. In the less-developed countries interest in low-
external-input agriculture is often a necessity, fuelled by the 
lack of access to high input approaches, due either to local or 
national economics.”
 Note: Soy is mentioned 29 times in this paper, as in 
the form “soyabean” or “soyabeans.” Address: Dep. of 
Biological Sciences, Wye College, Univ. of London, Wye, 
Ashford, Kent TN25 [UK].

2704. Hayati, R.; Egli, D.B.; Crafts-Brandner, S.J. 1995. 
Carbon and nitrogen supply during seed fi lling and leaf 
senescence in soybean. Crop Science 35(4):1063-69. July/
Aug. [36 ref]
• Summary: “Leaf senescence and N redistribution during 
seed fi lling may limit soybean... yield by restricting the seed 
fi lling period.” Address: 1. Jurusan Budidaya Tanaman, 
Fakultas Pertanian, Universitas Sriwijaya, J.L. Padang 
Salasa, Palembang, Indonesia; 2. Univ. of Kentucky, 
Lexington; 3. USDA-ARS, Western Cotton Res. Lab., 
Phoenix, Arizona.

2705. Herridge, D.F.; Danso, S.K.A. 1995. Enhancing crop 
legume N2 fi xation through selection and breeding. Plant 
and Soil 174(1/2):51-82. July. [158 ref]
• Summary: Contents: Abstract. Introduction. Operational 
framework for selection and breeding of legumes for 
enhanced N2 fi xation. Strategies for selection and breeding 
of legumes for enhanced N2 fi xation Host x strain specifi city. 
Measuring N2 fi xation: N yield, 15N methods, Xylem N 
solutes, Acetylene reduction assay (ARA).
 Assessing heritability and repeatability of N2 fi xation. 
Research to select and breed for enhanced N2 fi xation in 
legumes: Common bean, Soybean, Studies to defi ne genetic 
variation in N2 fi xation, Improvement / breeding programs.
 Soybean: Studies to defi ne genetic variation in N2 
fi xation, Improvement / breeding programs, Controlled 
nodulation–selection and breeding. Conclusions. Address: 
1. NSW Agriculture, Agricultural Research Centre, R.M.B. 
944, Tamworth, N.S. W., Australia 2340; 2. Joint FAO/IAEA 
Division, P.O. Box 100, A-1400 Vienna, Austria.

2706. Sanginga, N.; Vanlauwe, B.; Danso, S.K.A. 1995. 
Management of biological N2 fi xation in alley cropping 

systems: estimation and contribution to N balance. Plant and 
Soil 174(1/2):119-141. July. [94 ref]
• Summary: Many legumes are limited by nutrient 
defi ciencies in the soil, especially of phosphorus (P).
 Note: Soy is mentioned only once in this article, in a 
bibliographic reference at the end. Address: 1-2. International 
Institute of Tropical Agriculture (IITA), PMB 5320, Ibadan, 
Nigeria.

2707. Toomsan, B.; McDonagh, J.F.; Limpinuntana, V.; 
Giller, K.E. 1995. Nitrogen fi xation by groundnut and 
soyabean and residual nitrogen benefi ts to rice in farmers’ 
fi elds in Northeast Thailand. Plant and Soil 175(1):45-56. 
Aug. [21 ref]
• Summary: Flooding rendered the experiment invalid. 
Address: Dep. of Agronomy, Khon Kaen Univ., Khon Kaen 
40002, Thailand.

2708. Braum, S.M.; Helmke, P.A. 1995. White lupin utilizes 
soil phosphorus that is unavailable to soybean. Plant and Soil
176(1):95-100. Sept. [20 ref]
• Summary: “White lupin (Lupinus albus L. var. Ultra) 
is a pulse and legume crop that is well adapted to acidic, 
low-fertility soils. The results show that that lupin utilizes 
soil P from a normally non-labile pool of soil P that is not 
utilized by soybean.” Address: Dep. of Soil Science, Univ. 
of Wisconsin-Madison, 1525 Observatory Drive, Madison, 
Wisconsin 53706.

2709. Delhon, Patricia; Gojon, A.; Tillard, P.; Passama, L. 
1995. Diurnal regulation of NO3- uptake in soybean plants. 
I. Changes in NO3- infl ux, effl ux, and N utilization in the 
plant during the day/night cycle. J. of Experimental Botany 
46(291):1585-94. Oct, [46 ref]
• Summary: The effect of light on NO3 utilization was 
investigated in non-nodulated soybean (Glycine max 
L. Merr., cv. Kingsoy) plants during a 14/10 hour light/
dark period at a constant temperature of 26 ºC. A 30-50% 
decrease of net N03- uptake rate was observed 2-6 h after 
the lights were turned off. Address: Biochimie et Physiologie 
Végétales, ENSA-M/INRA/CNRS URA 573, Place Viala, 
F-34060 Montpellier cedex, France.

2710. Delhon, Patricia; Gojon, A.; Tillard, P.; Passama, L. 
1995. Diurnal regulation of NO3- uptake in soybean plants. 
II. Relationship with accumulation of NO3- and asparagine 
in the roots. J. of Experimental Botany 46(291):1595-1602. 
Oct. [29 ref]
• Summary: “These data strongly support the conclusion 
that the effect of light on N03- uptake is not mediated by 
changes in translocation and accumulation of N compounds.” 
Address: Biochimie et Physiologie Végétales, ENSA-M/
INRA/CNRS URA 573, Place Viala, F-34060 Montpellier 
cedex, France.
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2711. Johnston, Robert L., Jr. 1995. Johnny’s Selected 
Seeds–1996 (Mail order catalog). Albion, Maine: Johnny’s 
Selected Seeds. 136 p. See p. 11, 120.
• Summary: The information about vegetable soybeans 
and legume inoculants (p. 120) is very similar to that in last 
year’s catalog. Address: Founder and Chairman, JSS, Foss 
Hill Road, Albion, Maine 04910. Phone: (207) 437 4301.

2712. Mpepereki, S.; Makonese, F. 1995. Prevalence of 
cowpea and soyabean rhizobia in fi eld soils in Zimbabwe. 
Zimbabwe J. of Agricultural Research 33:191-205. *
Address: Dep. of Soil Science and Agricultural Engineering, 
Univ. of Zimbabwe, MP167, Harare, Zimbabwe.

2713. Yokoyama, T.; Kobayashi, N.; Kouchi, H.; 
Minamisawa, K.; Kaku, H. 1995. Biochemical responses of 
soybean cells induced by nod factors from Bradyrhizobium 
japonicum. In: N.A. Tikhonovich, V.I. Romanov, and W.E. 
Newton, eds. 1995. Nitrogen Fixation: Fundamentals and 
Applications, Current Plant Science and Biotechnology in 
Agriculture. UK: Kluwer Academic Publishers. See vol. 27, 
p. 321. *

2714. Beversdorf, W.D.; Buzzell, R.I.; Ablett, G.R.; Voldeng, 
H.D. 1995. Soybean. In: A.E. Slinkard and Douglas R. 
Knott, eds. 1995. Harvest of Gold: The History of Field Crop 
Breeding in Canada. Saskatoon, Saskatchewan: University 
Extension Press, Univ. of Saskatchewan. ix + 367 p. See p. 
153-66. Chap. 13. [14 ref]
• Summary: An outstanding history of soybean breeding 
and production in Canada. Contents: Introduction. Evolution 
of the soybean crop in Canada. Early breeding efforts. The 
emergence of soybean as a signifi cant Canadian crop (1940-
70). The modern soybean breeding era [1970 on]. Current 
breeding objectives and methods.
 Before 1930, soybeans were “grown primarily for 
annual forage production when traditional forage crops failed 
to survive Ontario winters.” The appearance of two short-
lived soybean crushing facilities in southwestern Ontario [at 
Milton in about 1930 and Chatham by April 1933] aided the 
transition of soybeans from a fodder crop to a grain legume 
crop.
 “Evolution of Canada’s soybean crop since 1949 refl ects 
the expertise of soybean producers, dramatic improvement 
in production technology, improved and earlier maturing 
cultivars, improved domestic processing capacity and 
signifi cant export market development.”
 “Soybean in Canada was born in the vision of C.A. 
Zavitz, arguably a man 50 years ahead of his time. Zavitz, 
who was head of the Field Crop Department of the Ontario 
Agricultural College (OAC) meticulously evaluated and 
selected soybean introductions for both fodder and grain 
production for 30 years (Zavitz 1927).”

 “In 1893, Zavitz planted the fi rst Canadian soybean 
crop, probably as a replacement for a fi eld pea that failed to 
establish that year.” Over the years, “Zavitz and two of his 
colleagues W.J. Squirrel and A.E. Whiteside, evaluated about 
100 soybean introductions from the Orient [East Asia] via 
the United States and Japan for forage and grain production 
(Zavitz 1927).”
 Early soybean breeding in Canada (before 1920) 
primarily involved the meticulous separation and selection 
of pure lines from heterogeneous seed introductions. “For 
example, Zavitz selected and evaluated 34 lines from nearly 
10,000 plants from the Habaro cultivar obtained from the” 
USDA in 1909 (Zavitz 1927).
 In 1923 A.E. Matthews and F.W. Dimmock of the 
Central Experimental Farm (CEF [part of the Dominion 
Experimental Farms]) conducted a soybean trial at the 
Harrow Research Station (HRS). “Dimmock continued 
soybean testing at Harrow until 1929, when Casper Owen 
took over (Ward 1978).”
 The pioneering work of Zavitz (OAC), Dimmock (CEF) 
and Owen (HRS) to identify and develop soybean varieties 
adapted to southern Canada created “a base of soybean 
germplasm and technical knowledge that would support 
evolution of the soybean crop during and after” World War 
II.
 During and after the war, the main soybean breeders 
in Canada were C.W. Owen at HRS and F. Dimmock at 
CEF. Varieties released after 1940 were mainly the result of 
pollinations among earlier selections from plant introduction 
and of pedigree selection procedures (Bernard et al. 1988).
 The rapid growth in Canadian soybean production 
in mid-1940s can be attributed to: A large growth in the 
demand for oil and protein during the war, the appearance of 
Victory Mills Ltd. in Toronto, improved varieties, promotion 
and extension efforts by Ivan M. Roberts (of the Field 
Husbandry Dept. of OAC in 1948 but agronomist for Victory 
Mills by 1953), and improved inoculant produced by the 
Microbiology Dept. of OAC. From the 1940s until the late 
1970s nearly all of Canada’s soybeans were produced in 
fi ve southwestern Ontario counties: Elgin, Essex (incl. Pelee 
Island in the middle of Lake Erie; a southernmost point in 
Canada), Kent, Lambton, and Middlesex (see map near front 
of book).
 Key soybean varieties of the period 1940-1970 are 
shown in Table 3. One key variety was Harosoy, released 
by HRS in 1951. Other key soybean breeders were Baldur 
Stefansson (from 1952) at the University of Manitoba 
that lead to Portage and Altona. G.E. Jones (from 1953) 
at OAC that led to Vansoy. John Giesbrecht (from 1959) 
at Morden (southern Manitoba) that led to Morsoy. A.A. 
Hildebrand was a pathologist who pioneered early research 
on phytophthora root rot; he worked with Owen to establish 
a program of disease resistance breeding at Harrow.
 The 1960s: In 1961 Dimmock retired from CEF and 
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was replaced by Lorne Donovan as an adjunct to his corn 
breeding program. In 1963 Owen retired from HRS and was 
replaced by R.I. Buzzell. Very early maturing introductions 
came from Sven Holmberg of Sweden. “Holmberg’s material 
proved to be signifi cant germplasm for Canadian soybeans. 
He derived it from crosses involving Manchurian and 
northern Japanese germplasm selected under the cool short-
season environments (58º30’N) of Fiskeby, Sweden (Tanner 
1973).”
 Harosoy 63 dominated Canadian soybean production 
by the late 1960s. During this decade “two Ontario counties 
(Essex and Kent) produced nearly two-thirds of the Canadian 
soybean crop.”
 In 1974 H. Voldeng took over the soybean breeding 
program at CEF. In 1976 W. Beversdorf joined the 
University of Guelph with split responsibilities in soybean 
and fi eld bean breeding and genetics. In 1982 G. Ablett 
initiated a soybean breeding program at the Ridgetown 
College of Agricultural Technology (RCAT). In 1976 CEF 
released Maple Arrow, a milestone cultivar, with parentage 
that included a Holmberg line. Maple Arrow, which was 
well adapted to the short-season areas of Ontario, combined 
with the higher prices of the early 1970s, sparked a soybean 
expansion northward and eastward.
 The last two sections of this chapter are the longest and 
most detailed.
 Figures show: (1) Graph of soybean production in 
Canada, 1945-1991. (2) Average yield of soybeans in 
Canada, 1938-1992.
 Tables: (1) Early soybean selections and evaluation 
(OAC No. 211, Mandarin, Habaro No. 20405, Early Yellow). 
For each is given: Average height (inches), green fodder 
production (tons / acre). Yield of grain (lbs / acre). Source: 
Zavitz 1927.
 (2) Early Canadian soybean cultivars (OAC 211 
{released 1923}, A.K. (Harrow) {1933}, Mandarin (Ottawa) 
{1934}, Kabott {1937}, Pagoda {1939}, Goldsoy {1938}). 
For each is given: Source (pedigree, e.g., Habaro). Institution 
(e.g., OAC). Year licensed or released (1923-1939). (3) 
Canadian soybean cultivars of 1940-1970 (Harman {released 
1943}, Capital {1944}, Manchu (Montreal) {1944}, Harly 
{1951}, Harosoy {1951}, Acme {1953}, Comet {1953}, 
Hardome {1953}, Crest {1957}, Merit {1959}, Portage 
{1964}, Altona {1966}, Harwood {1970}, Vansoy {1970}). 
For each is given: Pedigree, institution, year.
 (3A) Public and private breeding of soybeans, Canada 
and USA, 1973-1992. The impact of privately funded 
soybean breeding programs has increased steadily since 
1973, when the fi rst privately bred variety was registered in 
Canada. This “private” variety was bred by N.R. Bradner 
in the USA and introduced to Canada by St. Clair Grain 
and Feed (a division of Maple Leaf Mills Ltd.). In 1973 
in Canada there were 170 acres of privately bred soybean 
seed compared with 14,181 acres developed by publicly 

funded breeders. In 1982 the fi gures were 6,066 and 27,354 
respectively. In 1987 the fi gures were 28,148 and 29,960 
respectively. And in 1992 the fi gures were 43,004 acres 
private and 26,727 acres public. In this 20-year period, 
120 private soybean varieties and 51 public varieties were 
registered. 27% of the private varieties and 81% of the public 
varieties came from U.S. breeding programs.
 (4) Typical breeding cycle in the University of Guelph 
breeding program. Columns: Year and season, activity, 
location. The typical cycle is about 8 years. (5) Canadian 
soybean breeding programs (1991): Columns: Organization 
(public sector and private sector). Breeder (6 + 5 = 11 
breeders in both sectors).
 The Ontario Soybean Growers’ Marketing Board 
identifi ed export opportunities for both large-seeded yellow 
hilum cultivars (for tofu and miso) and small-seeded 
cultivars (natto type) in Pacifi c Rim markets. “The fi rst 
natto-type emerged from CEF [Central Experimental Farm, 
Ottawa] in 1981, six years after D. Durksen of Continental 
Grain Company reported the potential export opportunity for 
small-seeded soybean to Japan. King Grain (N.R. Bradner) 
and CEF (Harvey Voldeng) each released three additional 
natto-type cultivars (Nattoking 86, Nattoking 87, Nattoking 
88, Canatto, Nattosan and TNS) during the 1980s” (p. 
8-9). Address: 1. Ciba Seeds, Greensboro, North Carolina; 
2. Agriculture and Agri-Food Canada Research Station, 
Harrow, Ontario; 3. Ridgetown College of Agricultural 
Technology, Ridgetown, Ontario; 4. Agriculture and Agri-
Food Canada Research Station, Ottawa, Ontario.

2715. International Institute of Tropical Agriculture. 1995. 
Annual report 1994. Ibadan, Nigeria. 64 p. 28 cm.
• Summary: Soybeans are discussed at various places in this 
report. IITA, founded in 1967, is staffed by approximately 
150 scientists and other professionals from about 40 
countries and 1,500 support staff. “Research focuses on 
smallholder cropping systems in the humid and subhumid 
tropics of Africa and on the following major food crops: 
cassava, maize, plantain and banana, yam, cowpea, and 
soybean.
 Lukas Brader, Director General, reports: “Sub-Saharan 
Africa is the only region in the world where the population 
increases faster than food production. The region’s 2% rate 
of annual growth in food production, as against the 3% 
annual growth in population, stems from a 30-year decline in 
per capita food production” (p. 1).
 A color map (p. 5) shows the four different 
agroecological zones in humid and subhumid tropical 
Africa: humid forest, moist savanna, mid-altitude savanna 
and woodlands, dry savanna and Sahel. For example, the 
southern quarter of Nigeria is humid forest, the middle half 
is moist savanna, and the northern quarter is dry Savannah 
and Sahel. IITA’s seven stations are also shown: Ibadan, 
Onne, and Kano (Nigeria), Cotonou (Benin), Mbalmayo 
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(Cameroon), Ferkessedougou (Côte d’Ivoire), and 
Namulonge (Uganda).
 Page 7 discusses 1994 highlights, including soybean 
varietal development in Uganda, Cameroon, and Nigeria. 
Page 35 summarizes IITA’s work with nodulation of 
improved “tropical” soybeans; these soybeans nodulate with 
cowpea rhizobia and nitrogen accumulates in the usual way. 
Soybean/maize rotations were found to be useful for farmers 
who can purchase little, if any, fertilizer. Pages 50 and 52 
discuss soybean research by the crop improvement division, 
and plant health management division. Address: Oyo Road, 
PMB 5320, Ibadan, Nigeria.

2716. Mizukoshi, Kazushi; Nishiwaki, T.; Ohtake, N.; 
Minagawa, R.; Ikarashi, T.; Ohyama, T. 1995. Nitrate 
transport pathway into soybean nodules traced by tungstate 
and 15NO3-. Soil Science and Plant Nutrition (Tokyo) 
41(1):75-88. [26 ref]
• Summary: “Ca was locally distributed in the surface, 
sclerenchyma cells, and inner cortex, but the content was 
low in the infected region. Mg specifi cally accumulated in 
the inner and outer cortex inside the sclerenchyma cells but 
not outside them.” Address: Faculty of Agriculture, Niigata 
Univ., Niigata, 950-21 Japan.

2717. Ohtake, Norikuni; Nishiwaki, T.; Mizukoshi, K.; 
Minagawa, R.; Takahashi, Y.; Chinushi, T.; Ohyama, T. 1995. 
Amino acid composition in xylem sap of soybean related to 
the evaluation of N2 fi xation by the relative ureide method. 
Soil Science and Plant Nutrition (Tokyo) 41(1):95-102. [14 
ref]
• Summary: “Although the composition of the amino 
acids and amides changed with the fertilizer treatments or 
growth stages, the major form was always asparagine. The 
concentration of asparagine as well as glutamine, arginine, 
and histidine increased with growth until the R5 stage.” 
Address: 1-4. Faculty of Agriculture, Niigata Univ., Niigata, 
950-21 Japan.

2718. Song, L.; Carroll, B.J.; Gresshoff, P.M.; Herridge, 
D.F., 1995. Field assessment of supernodulating genotypes 
of soybean for yield, N2 fi xation and benefi t to subsequent 
crops. Soil Biology and Biochemistry 27(4/5):563-69. April/
May. [27 ref]
• Summary: “At the Gatton site in 1989, the dry matter 
of oats, sown immediately after soybean harvest, was 
signifi cantly (P<0.05) greater after the supernodulators than 
after commercial cultivars. At Norwin in 1990 and 1991, 
signifi cant benefi ts on barley shoot dry matter and grain were 
recorded for the 2 x nodulation phenotypes only.” Address: 
1&3. Pacifi c Seeds, P.O. Box 337, Toowoomba, QLD 4350, 
Australia.

2719. Takahashi, Y.; Chinushi, T.; Ohyama, T. 1995. 

[Characteristics of growth and N nutrition of soybean 
affected by cool-summer damage in 1993 estimated by Rb/K 
ratio method and relative ureide method]. Japanese J. of Soil 
Science and Plant Nutrition (Tokyo) 66(2):127-32. [13 ref. 
Jap; eng]
• Summary: “In 1993, the amount of N accumulation and 
seed yield were the lowest in the past 4 experiment years 
(1990-1993) by cool-summer damage. The reason for the 
low seed yield in 1993 was studied in relation to N2 fi xation 
and N absorption.
 “(1) In the Rb tracer experiment, we confi rmed that 
the natural Rb was measurable in soybean shoots, and there 
was a tendency among the plant growth and the ratio of 
Rb/K. From the results Rb/K ratio method was developed 
for estimating the root elongation to deep layer of soil. Rb/K 
ratio was became higher as the growth increased. The Rb/K 
ratio in 1993 was low and near the same as the restriction 
treatment of root systems at a 20 cm depth, and suggested 
that the distribution of root systems were restricted to a depth 
of 20 cm in 1993.
 “(2) The relative ureide method was applied to 
estimate the amount of N2 fi xation. And the amount of N 
accumulation and N2 fi xation in 1993 were lower compared 
with the previous 3 years.
 “(3) Although the concentration of ureide-N in xylem 
sap increased during R1 (Beginning bloom) and R3 
(Beginning pod) in the normal growth conditions (1990 
and 1992), the ureide-N concentration of xylem sap was 
depressed during vegetative and reproductive growth period 
in 1993. In 1993, the suppression of N2 fi xation and N 
absorption activity by cool-summer damage was confi rmed 
throughout the growth period.” Address: Niigata Agric. Exp. 
Station, Niigata, Japan.

2720. Martinez Viera, Rafael. 1996. Work with bioactive 
products at INIFAT in Cuba (Interview). SoyaScan Notes. 
Jan. 10. Conducted by William Shurtleff of Soyfoods Center.
• Summary: Dr. Martinez earned his PhD in Leipzig, East 
Germany. For many years he was the editor of Ciencias de 
la Agricultura (Agricultural Science) a biannual journal 
published by the Cuban Academy of Sciences and INIFAT. 
He is now writing a history of INIFAT and of eminent 
agricultural scientists in Cuba.
 His main line of research is sustainable agriculture, 
specializing in bioactive products including biofertilizers, 
biostimulants, and natural pesticides extracted from 
plants. He has done considerable research on Azotobacter, 
a nitrogen-fi xing bacterium which began to be used 
and studied with soybeans in other countries in the late 
1960s; unlike Rhizobium, Azotobacter is associative, not 
symbiotic. In most cases Azotobacter competes with or is 
even antagonistic to Rhizobium in the soil. Its use allows 
farmers to use about 40% less fertilizers with some crops. 
Thirty days after planting soybeans, Dr. Martinez hand-
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sprays Azotobacter on the leaves; there the bacteria produce 
vegetable hormones, such as cytokinins, auxins, gibberellins, 
and amino acids–all of which stimulate the growth of the 
plants and, more importantly in Cuba, reduce the rate of 
fl ower abortion. Cuban scientists have developed special 
strains that produce 14 amino acids and that cause a 20% 
increase of soybean yield and a 30% yield increase in some 
other plants. His group is now developing a solid form of 
Azotobacter for export.
 He has also done research with other bacteria which 
transform organic phosphorus in the soil into a non-organic 
form which many plants, including soybeans, can assimilate.
 Humberto Diaz is the only breeder of new soybean 
varieties in Cuba. Pelican was the best introduced variety, 
but the varieties developed by Diaz have been signifi cantly 
better. In Cuba, there is a special need to develop different 
varieties for planting in the three different soybean growing 
seasons. The variety V-9 (named after the Russian geneticist 
Vavilov) is now grown on a large scale in Cuba. It was fi rst 
grown 4-5 years ago for spring forage, of which it yields 
about 30 metric tons/ha. In winter it produces about 2,000 
kg/ha of seed. The best varieties grown for soybean seeds 
yield about 3,000 kg/ha on small test plots, 2,000 kg/ha on 
small farms, and 1,200 kg/ha on large farms.
 In the area surrounding Cuban cities organoponic 
agriculture (organoponics, derived from hydroponics) is now 
becoming popular. In this form of urban agriculture, organic 
matter is mixed with soil in raised beds, which yield up to 20 
kg per square meter of fresh vegetables. Imported soybeans 
are used mostly for livestock feed (for cattle, chickens, and 
eggs) and for food.
 Note: Memories of INIFAT. A lovely place with a lush 
garden of exotic palms in a huge central courtyard, and a 
long driveway at the front lined with stately, tall Cuban 
palms. Large archives with many old documents and very 
helpful librarians. Very nice people. Not one photocopy 
machine in the entire complex. Address: PhD, Chief of 
Bioactive Products Dep., INIFAT, Santiago de las Vegas, 
Cuba.

2721. Ohtake, Norikuni; Suzuki, M.; Takahashi, Y.; Fujiwara, 
T.; Chino, M.; Ikarashi, T.; Ohyama, T. 1996. Differential 
expression of Beta-conglycinin genes in nodulated and 
non-nodulating isolines of soybean. Physiologia Plantarum 
96(1):101-10. Jan. [25 ref]
• Summary: “Nodulated (T202) and non-nodulated (T201) 
isolines of soybean... were cultivated in a rotated paddy fi eld 
in Niigata. Japan. The pods and seeds were harvested at 
7-day intervals until maturity, and the subunit compositions 
of seed storage proteins were analyzed by SDS-PAGE. The 
Beta-subunit of Beta-conglycinin could scarcely be detected 
in the non-nodulating isoline, T201, at any period throughout 
seed development, although it was a major component in 
T202.” Address: Dep. of Applied Biological Chemistry, 

Faculty of Agriculture, Niigata Univ., 2-8050 Ikarashi, 
Niigata, 950-21, Japan.

2722. Bennett, Joan W. 1996. Martinus Willem Beijerinck: 
Dutch father of industrial microbiology. SIM News (Society 
for Industrial Microbiology). March. [7 ref]
• Summary: A good, original, well-written and well-
researched overview of Beijerinck’s life and work. Address: 
Prof. of Cell and Molecular Biology, Tulane Univ., New 
Orleans, Louisiana.

2723. Lussenhop, John. 1996. Collembola as mediators of 
microbial symbiont effects upon soybean. Soil Biology and 
Biochemistry 28(3):363-369. March. [26 ref]
• Summary: Note: “Springtails (Collembola) form the 
largest of the three lineages of modern hexapods that are 
no longer considered insects (the other two are the Protura 
and Diplura). Although the three orders are sometimes 
grouped together in a class called Entognatha because they 
have internal mouthparts, they do not appear to be any more 
closely related to one another than they all are to insects, 
which have external mouthparts.”
 “Collembolans are omnivorous, free-living organisms 
that prefer moist conditions. They do not directly engage 
in the decomposition of organic matter, but contribute to 
it indirectly through the fragmentation of organic matter 
and the control of soil microbial communities.” Source: 
Wikipedia.
 “Summary: The hypothesis that collembola affect 
rhizobia and mycorrhizas of soybean (Glycine max) and 
thus indirectly change leaf tissue nutrient concentration was 
studied in pot and fi eld experiments. When a high density 
of the collembolan species Folsomia candida, was added to 
pots, the number of nodules per plant increased 52%.
 “This study showed that both available soil P 
[phosphorus] and collembola density determine mycorrhizal 
benefi ts. In natural habitats, intermediate collembola 
density and low soil P are expected to maximize benefi ts 
of mycorrhizas to plants”. Address: Dep. of Biological 
Sciences, Univ. of Illinois at Chicago, 845 W. Taylor St, 
Room 3262, Chicago, Illinois 60607-7060.

2724. Nishiwaki, Toshikazu; Mizukoshi, K.; Minagawa, R.; 
Sato, T.; Ohtake, N.; Ikarashi, T.; Ohyama, T. 1996. Effect 
of plant population and NO3- supply on soybean nodulation. 
Niigata Daigaku Nogakubu Kenkyu Hokoku (Bulletin of the 
Faculty of Agriculture, Niigata University) No. 48. p. 71-79. 
March. [14 ref. Eng; jap]
• Summary: “Abstract: Effect of planting density on 
nodulation was investigated in inoculated soybean plants 
cultivated in sand under greenhouse conditions. The planting 
density was designed at 40, 80, and 160 plants per m2. When 
plants were cultivated with -N medium, the plants promoted 
growth of leaves and stems but reduced the development of 
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roots and nodules as the population increased from 40 to 160 
plants per m2. The concentrations of total nitrogen, amino-N 
and ureide-N were almost constant among different plant 
densities in -N treatment. The sugar concentration in each 
part was not reduced in higher population.
 “When the plants were grown with 5 mmol per liter 
of NO2-, the top/root ratios also increased corresponding 
to higher plant population. In contrast to -N treatment, the 
number and dry weight of nodules were higher in dense 
plant population with NO3-. The higher the planting 
density imposed, the lower the concentration of total N, 
NO3- -N, amino-N in plants was observed. Therefore, the 
alleviation by higher plant population was possibly due to 
rapid depletion of NO3- from medium and the consequent 
low concentration of nitrate and the assimilated N in plants. 
Compared with -N treatment, sugar concentration was 
signifi cantly lower in +N treatment especially in the roots 
and stems. The lowest plant population resulted in the lowest 
carbohydrate concentration corresponding to highest nitrate 
concentration, suggested that a larger photosynthates are 
necessary to absorb and assimilate a large amount of NO3-.” 
Address: Niigata Agric. Exp. Station, Niigata, Japan.

2725. Sanginga, N.; Abaidoo, R.; Dashiell, K.; Carsky, R.J.; 
Okogun, A.J. 1996. Persistence and effectiveness of rhizobia 
nodulating promiscuous soybeans in moist savanna zones of 
Nigeria. Applied Soil Ecology 3(3):215-24. May. [14 ref]
• Summary: “In 1978, the International Institute of 
Tropical Agriculture (IITA) soybean program targeted 
the improvement of biological nitrogen fi xation (BNF) 
for soybean through a breeding program to develop 
‘promiscuous’ soybean varieties that nodulate with 
indigenous soil rhizobia thus eliminating the need for 
inoculation.”
 “These results indicate a relationship between rhizobia 
cell counts and promiscuous soybean responses, which may 
be used to indicate under which conditions inoculation will 
be benefi cial to a farmer.” Address: 1, 3-5. International 
Institute for Tropical Agriculture (IITA), PMB 5320, Ibadan, 
Nigeria; 2. NifTAL project and MIRCEN, P.O. Box O, Paia, 
Hawaii 96779, USA.

2726. IITA. 1996. Annual report 1995. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 55 p. 
28 cm.
• Summary: Postharvest utilization techniques have 
been developed for soybean, plantain, and banana (p. 5). 
“An effi cient method to quantify nitrogen fi xation was 
developed. The procedure will be integrated into the soybean 
breeding program in 1996. Computer simulation models 
were employed to study resource use and nitrogen fi xation 
potentials of early, medium, and late maturing soybean lines 
(p. 10). Project on application of IPM to legumes (p. 11, 35).
 Improving postharvest systems: “Studies confi rmed that 

soybean products were being sold extensively...” (p. 13). 
CGIAR has initiated an “ecoregional program” which uses 
“a holistic approach.” In the moist savanna zone, the major 
crops are maize, sorghum, millet, cowpea, cotton, cassava, 
soybean, and yam” (p. 21). Two pie charts (p. 40) show 
major resource allocation. In 1994 some 4.1% of the core 
budget was spent on cowpea and soybean, increasing to 4.6% 
in 1995. In 1995 IITA received $31.8 million in grants from 
various organizations and countries and had total revenues of 
$32.8 million. The leading donors to core funding (in million 
dollars) were: The World Bank $5.66, USAID $4.02, and 
Japan $3.59.
 A map on the back cover shows IITA’s seven research 
stations: 1. Ibadan, Nigeria (Headquarters). 2. Onne, 
Nigeria. 3. Cotonou, Benin. 4. Kano, Nigeria. 5. Mbalmayo, 
Cameroon. 6. Ferkessedougou, Cote d’Ivoire. 7. Namulonge, 
Uganda. Address: PMB 5320, Oyo Road, Ibadan, Nigeria.

2727. Pazdernik, D.L.; Graham, P.H.; Vance, C.P.; Orf, J.H. 
1996. Host genetic variation in the early nodulation and 
dinitrogen fi xation of soybean. Crop Science 36:1102-07. 
Sept/Oct. [28 ref]
• Summary: “Soybeans [Glycine max (L.) Merr.] grown on 
soils low in N can exhibit N defi ciency during early plant 
development. Improved early N2 fi xation may alleviate this 
problem.”
 Reports a soybean plant introduction, PI 437153A, 
which was ineffectively nodulated by Bradyrhizobium 
japonicum strain UMR (University of Minnesota Rhizobium) 
161. Address: 1-2. Dep. of Agronomy and Plant Genetics, 
411 Borlaug Hall, Univ. of Minnesota, St. Paul, MN 55108.

2728. Vuong, T.D.; Nickell, C.D.; Harper, J.E. 1996. Genetic 
and allelism analyses of hypernodulation soybean mutants 
from two genetic backgrounds. Crop Science 36(5):1153-58. 
Sept/Oct. [28 ref]
• Summary: “Previous genetic analyses of hypernodulating 
or supernodulating soybean mutants indicated that they were 
genetically controlled by recessive monogenes following 
simple Mendelian principles. In the present study, we 
determined the genetic control of hypernodulating mutants 
selected from two soybean cultivars, Williams and Enrei, 
and analyzed the allelism of mutant genes controlling the 
hypernodulating phenotypes.” Address: 1-2. Dep. of Crop 
Sciences, Univ. of Illinois, Urbana, IL 61801.

2729. Bacanamwo, Méthode; Harper, James E. 1996. 
Regulation of nitrogenase activity in Bradyrhizobium 
japonicum/soybean symbiosis by plant N status as 
determined by shoot C:N ratio. Physiologia Plantarum 
98(3):529-38. Nov. [37 ref]
• Summary: “Regulation of nitrogenase is not suffi ciently 
understood to engineer symbioses that achieve a high N2 
fi xation rate under high levels of soil N.” Address: Univ. of 
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Illinois, Urbana.

2730. Javaheri, F. 1996. Naturally nodulating (promiscuous) 
soybean varieties for smallholder farmers: the Zambian 
experience. In: S. Mpepereki, F. Makonese, K.E. Giller, 
eds. 1996. Soyabeans in Smallholder Cropping Systems of 
Zimbabwe. SoilFertNet/CIMMYT, Harare, Zimbabwe. See 
p. 63-73. *

2731. Yokoyama, T.; Ando, S.; Murakami, T.; Imai, H. 1996. 
Genetic variability of the common nod gene in soybean 
bradyrhizobia isolated in Thailand and Japan. Canadian J. of 
Microbiology 42:1209-18. *

2732. Delauney, A.J.; Verma, D.P.S. 1996. Improvement 
of soybean for nitrogen fi xation: Molecular genetics of 
nodulation. In: D.P.S. Verma and R.C. Shoemaker, eds. 1996. 
Soybean: Genetics, Molecular Biology, and Biotechnology. 
Wallingford, England: CAB International (Commonwealth 
Agricultural Bureaux). x + 270 p. See p. 219-48. Chap. 10. 
[130 ref]
• Summary: Contents: Introduction. Nodule organogenesis: 
Molecular signals in the initiation of nodule morphogenesis, 
avoidance of host defence responses, early nodulin gene 
expression, biogenesis of the PBM compartment. The 
functional root nodule: Nitrogen assimilation in nodules 
(amide synthesis, ureide synthesis, amide versus ureide 
export), carbon metabolism in nodules, osmoregulation 
in nodules. Regulation of nodule-active genes: Signals 
involved in regulation of plant gene expression in nodules 
(bacterial factors, nodule developmental signals, nodule cell 
metabolites, physiological factors). Improvement of soybean 
symbiosis by genetic manipulation of the host: Increasing 
carbon delivery and catabolism in the nodule, stimulation 
of nitrogen assimilation, enhancement of osmotolerance. 
Concluding remarks. Acknowledgements. Address: 1. 
Dep. of Biology, Univ. of West Indies, Cave Hill Campus, 
Barbados; 2. Plant Biotechnology Center, Ohio State Univ., 
Columbus, OH 43210.

2733. Greshoff, P.M. 1996. Molecular genetic analysis of 
soybean nodulation mutants. In: D.P.S. Verma and R.C. 
Shoemaker, eds. 1996. Soybean: Genetics, Molecular 
Biology, and Biotechnology. Wallingford, England: CAB 
International (Commonwealth Agricultural Bureaux). x + 
270 p. See p. 189-217. Chap. 9. [96 ref]
• Summary: Contents: Introduction. Molecular approaches 
to plant developmental genes. Nodulation: A plant 
developmental process. Molecular genetics of soybean 
nodulation. RFLP mapping of nodulation mutant genes. 
Physical mapping close to the supernodulation region. 
Soybean yeast artifi cial chromosomes. DNA amplifi cation 
fi ngerprinting applied to soybean genomes. Telomeres 
and satellites. Genomic analysis of cell cycle genes 

related to nodulation. Conclusions and perspectives. 
Acknowledgements.
 Figures show: (9.1) RFLP pattern of Glycine soja and 
Glycine max nts382 probed with pA-132. (9.2) Regional map 
of RFLP markers around the nts locus. Using MAPMAKER 
program. (9.3) RFLP marker arrangement used for physical 
mapping close to the nts (pA-132) marker. (9.4) General 
components of a yeast artifi cial chromosome (YAC). (9.5) 
Pulse-fi eld generated karyotype of yeast carrying soybean 
insert YACs. (9.6) The DAF amplicon (DAF = DNA 
amplifi cation fi ngerprinting).
 Tables show: (9.1) Currently known features of the 
soybean genome and genetic map. (9.2) Segregation of 
RFLP markers among fi fteen supernodulating F2 plants from 
the cross G. max (nts 1007) X G. soja (PI468.397). Address: 
Plant Molecular Genetics and Center for Legume Research, 
Univ. of Tennessee, Knoxville, TN 37901-1071.

2734. Carsky, R.J.; Abaidoo, R.; Dashiell, K.; Sanginga, N. 
1997. Effect of soybean on subsequent maize grain yield 
in the Guinea savanna zone of West Africa. African Crop 
Science Journal 5(1):31-39. March. [21 ref. Eng; fre]
• Summary: “Two varieties of soybean and a maize control 
crop were grown in replicated trials at 10 sites in the Guinea 
savanna of Nigeria in 1993 followed by a test crop of maize 
in 1994 with 20 or 60 kg of nitrogen per ha to test the effect 
of soybean on subsequent grain yield.
 Soybean in rotation may increase maize yield by as 
much as 140% compared to continuous maize cultivation, 
even though the soybean was not inoculated with rhizobia 
and the above-ground soybean residues, except litter fallen 
before harvest, were exported from the fi elds, as is the 
current practice of farmers. Address: 1, 2-4. International 
Institute of Tropical Agriculture (IITA), PMB 5320, Ibadan, 
Nigeria; 2. Nitrogen Fixation of Tropical Legumes (NifTal 
Project), Univ. of Hawaii, Maui, Hawaii.

2735. Ohtake, Norikuni; Ikarashi, Y.; Ikarashi, T.; Ohyama, 
T. 1997. Distribution of mineral elements and cell 
morphology in nodulated and non-nodulated soybean seeds. 
Niigata Daigaku Nogakubu Kenkyu Hokoku (Bulletin of the 
Faculty of Agriculture, Niigata University) 49(2):93-101. 
March, [Eng; jap]
• Summary: “Protein bodies in cotyledon cells were 
observed by a microscopy after a thin section was stained 
with coomassie brilliant blue solution. The protein bodies 
of T201 seeds were smaller than those of T202. Estimated 
average cell size of T201 seeds was signifi cantly smaller 
(about 30%) than those of T202, while the total cell numbers 
were not signifi cantly different between T201 and T202 
seeds. Those results indicated that the nitrogen defi ciency did 
not affect the cell proliferation of seeds, but it repressed cell 
enlargement and protein body accumulation in the seeds.” 
Address: Niigata Agric, Exp. Station, Japan.
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2736. Liu, KeShun. 1997. Agronomic characteristics, 
production, and marketing. In: KeShun Liu. 1997. Soybeans: 
Chemistry, Technology, and Utilization. Florence, Kentucky: 
Chapman & Hall. xxvi + 532 p. See p. 1-24. Chap. 1. Index. 
[36 ref]
• Summary: Contents: Introduction. Origin. Early history 
in Europe. Early history in North America. Agronomic 
characteristics: Seed morphology, germination and 
seedling development, growing stages and maturity groups, 
seed development, nitrogen fi xation, diseases and pests. 
Harvesting, drying, and storage: Harvesting, drying, storage. 
Marketing and trading. Grades, standards, and inspection. 
Variety identifi cation. Food beans and oil beans.
 Figures: (1.1) Graph of total annual soybean production 
in the USA and worldwide from 1955 to 1994. World 
production increased from 20 million metric tons (tonnes) 
in 1955 to 138 million tonnes in 1994. Note the huge 
increases in 1992 and 1994. The United States’ share of 
the total has been dropping since the mid-1970s. (1.2) Pie 
chart of market share of world soybean production by major 
producing countries between 1994 and 1995. USA 50.5%, 
Brazil 18.2%, China 11.8%, Argentina 9.2%, all other 10.3%. 
(1.3) Structure of a soybean seed (line drawing). Hypocotyl, 
radicle, micropyle, hilum, epicotyl, plumule, cotyledon, seed 
coat. (1.4) Stages in germination and early seedling growth 
(line drawing). (1.5) Map of geographical zones of the 
American continent where soybean maturity groups are best 
grown. Extends from OO in southern Canada down to X in 
southern Central America and northern South America. (1.6) 
Graph of equilibrium level of soybeans with the temperature 
and relative humidity of the surrounding air. Moisture 
content of soybeans is the third variable plotted. (1.7) Graph 
of allowable storage time for soybeans as functions of bean 
temperature and percentage moisture content. (1.8) Diagram 
of the general fl ow of grain from the farm through the 
distribution system to the domestic and overseas processor. 
(1.9) Diagram of a general outline of soybean food use 
based on classifi cation of oil and food beans. (1.10) Visual 
differences between oil and food beans (photo). Left: oil 
beans (3 cultivars in plastic bags). Right: food beans (top 
and middle are two tofu bean cultivars, bottom is one small-
seeded natto bean cultivar).
 Tables: (1.1) The U.S. grades and grade requirements for 
soybeans. Address: PhD, Soyfood Lab., Hartz Seed, a Unit 
of Monsanto, P.O. Box 946, Stuttgart, Arkansas 72160-0946. 
Phone: 870-673-8565.

2737. Bacanamwo, Methode; Harper, J.E. 1997. The 
feedback mechanism of nitrate inhibition of nitrogenase 
activity in soybean may involve asparagine and/or products 
of its metabolism. Physiologia Plantarum 100(2):371-77. 
June. [43 ref]
• Summary: “A feedback mechanism which involves sensing 

of change in phloem N concentration has been proposed to 
control nodulation and dinitrogen fi xation in the presence of 
external combined N. Whether this control is in response to 
a change in total N or in some specifi c signal compound(s) is 
not known.” Address: Univ. of Illinois, Urbana.

2738. Sanginga, N.; Dashiell, K.; Okogun, J.A.; Thottappilly, 
G. 1997. Nitrogen fi xation and N contribution by 
promiscuous nodulating soybeans in the southern Guinea 
savanna of Nigeria. Plant and Soil 195(2):257-266. Aug. [28 
ref]
• Summary: “Soybean is a relatively new crop to most 
African countries but in recent times its cultivation in 
countries such as Nigeria, Ghana, Cote d’Ivoire, Benin, 
Zambia, Zimbabwe, Rwanda and Tanzania is gaining 
popularity as a consequence of the increasing needs for 
protein from food and fodder.”
 Since 1977 IITA scientists have targeted “the 
improvement of biological nitrogen fi xation for soybean 
through two approaches: (i) a breeding program to develop 
promiscuous soybean varieties that nodulate with indigenous 
soil rhizobia eliminating the need for inoculation (Kueneman 
et al., 1984) and (ii) a program to increase the availability of 
seed inoculants (Rao et al., 1981).”
 The authors observed that the major N sources for 
soybean were N derived from the air (Ndfa; 84 kg N per 
ha) and N derived from the soil (Ndfs; 75 kg N per ha). 
The former provided 46% of the plant total N, and the latter 
43% in 15N fertilizer applied at 20 kg N per ha. Also, two 
late maturing soybean genotypes derived more of their 
N requirement from N fi xation than the early maturing 
varieties. Address: International Institute for Tropical 
Agriculture (IITA), Oyo Road, PMB 5320, Ibadan, Nigeria.

2739. Trefi l, James. 1997. Nitrogen: It’s colorless, odorless 
and gets no respect, but it’s vital to the cycle of life–and we 
may be using too much. Hazy days, green scum in lakes 
and less biodiversity may be our harvest if we overuse this 
element to ensure bountiful crops. Smithsonian 28(7):70-72, 
74, 76, 78. Oct.
• Summary: Contains a good color photo (p. 74). Address: 
Robinson Prof. of Physics, George Mason Univ. [Fairfax, 
Virginia].

2740. Pazdernik, D.L.; Vance, C.P.; Sadowsky, M.J.; 
Graham, P.H.; Orf, J.H. 1997. A host-controlled, 
serogroup-specifi c, ineffective nodulation system in 
the Bradyrhizobium-soybean (Glycine max) symbiosis. 
Molecular Plant-Microbe Interactions 10(8):994-1001. Nov. 
[38 ref]
• Summary: The authors previously reported a soybean 
plant introduction, PI 437153A, which was ineffectively 
nodulated by Bradyrhizobium japonicum strain UMR 
(University of Minnesota Rhizobium) 161. In this study, we 
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further characterize this nodulation system by (i) examining 
the nodulation of 21 B. japonicum strains, representing 
15 serogroups, with PI 437153A, (ii) ascertaining 
the inheritance of the ineffective nodulation, and (iii) 
characterizing the symbiosis both morphologically and 
physiologically. Only USDA 126 (serogroup 125) and UMR 
161 failed to produce effective nodules with PI 437153A. 
Address: 1-2. Dep. of Agronomy and Plant Genetics, 411 
Borlaug Hall, Univ. of Minnesota, St. Paul, MN 55108.

2741. Vargas, M.A.T.; Hungria, M. eds. 1997. Fixacao 
biologica do N2 na cultura da soja. [Biological nitrogen 
fi xation in the cultivation of soybeans]. In: Biologia dos 
Solos de Cerrados. Planaltina, Brazil: Embrapa-CPAC. See 
p. 297-360. *

2742. Yamato, M.; Nakayama, Y.; Yokeyama, T.; Ueno, O.; 
Akao, S. 1997. Nodulation of Rhizobium fredii USDA192 
containing Rhizobium leguminosarum bv. Trifolii ANU843 
nod genes on homologous host soybean and Heterologous 
host clover. Soil Science and Plant Nutrition 49:255-63. *

2743. Boonkerd, N.; Rerkasem, B. 1997. Soybean: 
Environmentally friendly. In: Banpot Napompeth, ed. 1997. 
World Soybean Research Conference V: Proceedings. 
Soybean Feeds the World. Bangkok, Thailand: Kasetsart 
University Press. xxiv + 581 p. See p. 513-16. Held at 
Chiang Mai, Thailand, 21-27 Feb. 1994. [18 ref]
• Summary: Contents: Abstract. Introduction. Effect of 
mineral nitrogen. Strains of Bradyrhizobium japonicum 
(some strains are much better than others for certain 
environments). Factors affection nitrogen fi xation. 
Nitrogen fi xation by soybean in cropping systems: Seasons 
and genotypes, soybean after rice, saturated soil culture 
(saturated with the right bacteria). Contribution of fi xed 
nitrogen to the following crops.
 The soybean is environmentally friendly in part because 
it is a legume that can obtain much of its own nitrogen 
requirements, and in part because it can share some of the 
nitrogen it has fi xed in the soil with subsequent crops of 
other species. Address: 1. School of Biotechnology, Inst. of 
Agricultural Technology, Suranaree Univ. of Technology, 
Nakhon Ratchasima, Thailand; 2. Agronomy Dep., Faculty 
of Agriculture, Chiang Mai Univ., Chiang Mai, Thailand.

2744. Buresh, Roland J.; Sanchez, P.A.; Valhoun, F. eds. 
1997. Replenishing soil fertility in Africa. SSSA Special 
Publication No. 51. xix + 251 p. [250+* ref]
• Summary: “Proceedings of an symposium cosponsored 
by Divisions A-6 (International Agronomy) and S4 (Soil 
Fertility and Plant Nutrition) and the International Center 
for Agroforestry, held at the 88th Annual Meetings of the 
American Society of Agronomy and the Soil Science Society 
of America, Indianapolis, Indiana, 6 Nov. 1996.

 Contents: Foreword. Preface. Acknowledgment. 
Contributors. Conversion factors for SI and non-SI units 
(SI = International System = metric system). 10 chapters by 
various authors.
 The soybean is mentioned throughout.
 Chapter 1, p. 21 (1995). “Soybean... has a high BNF 
[biological nitrogen fi xation] capacity, but it concentrates N 
in the pods, adding little to the soil.”
 Chap. 3, p. 69: “Rhizobial inoculation in East and 
Central Africa can enhance yield of exotic food legumes 
with specialized rhizobial requirements {e.g., soybean from 
China,...}”
 Page 70 (from Woomer et al. 1998): Table 3-1 gives 
“Rhizobial inoculation response by legumes in East Africa,” 
including the soybean in Kenya, Rwanda, and Tanzania. The 
yield is increased by 42-81%.
 Page 81: On average, less than 5 kg per ha of mineral 
fertilizer nutrients are applied to food crops in sub-Saharan 
Africa, the lowest rate in the world. Population pressures 
have caused traditional systems of shifting cultivation to 
break down. Soil nutrients are being depleted at an alarming 
rate, leading to environmental degradation and food 
insecurity.”
 Page 161: “Legumes such as soybean... that have 
been subject to intense breeding efforts are very effi cient 
at translocating their N into the grain, and even when the 
residues are returned to the soil there is generally a net 
removal of N from the fi eld (Halvin et al., 1990; Peoples 
& Craswell, 1992; Giller et al., 1994). Some promiscuous 
soybean varieties are leafi er, have a greater potential to 
add N to the soil, and are potentially more appropriate for 
cultivation by smallholder farmers than the recommended 
varieties grown on commercial farms in southern Africa 
(Mpepereki et al., 1996). Soybean residues at harvest are 
lignifi ed (about 10% lignin) with C/N ratios around 45:1 and 
these tend to immobilize N when they are added to the soil 
(Toomsan et al., 1995).
 Page 232: “In Uganda, Dr. Mary Silver of Makerere 
University has been using NifTal [NifTAL] inocula strains 
on soybean... as a test crop. She is testing them with both 
women and men farmers to see if nonadoption is due to lack 
of knowledge about biological N2 fi xation or rhizobium 
inoculants, lack of access to rhizobia when needed, lack of 
knowledge on how to use them, lack of seed, poor soils, 
agronomic characteristics of the crop, inconsistency of 
extension advice, or to other infrastructural constraints such 
as the ineffectiveness of coating material such as gum arabic, 
syrup, and molasses, which attract hordes of ants that eat the 
seeds...” Address: Soil Science Society of America, Inc., 677 
S. Segoe Rd., Madison, Wisconsin 53711.

2745. Chainuvati, C.; Kasivivat, A.; Uthayopas, A.; 
Sewatasai, R.; Chanaseni, C. 1997. Soybean production 
technology in Thailand. In: Banpot Napompeth, ed. 1997. 
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World Soybean Research Conference V: Proceedings. 
Soybean Feeds the World. Bangkok, Thailand: Kasetsart 
University Press. xxiv + 581 p. See p. 503-06. Held at 
Chiang Mai, Thailand, 21-27 Feb. 1994. [14 ref]
• Summary: Thailand has recommended a package of 
soybean practices which include high-yielding varieties, use 
of rhizobium inoculant, good quality seeds, plant spacing of 
50 x 20 cm, 2-3 plants per mound, and 200,000 to 300,000 
plants per hectare. Application of NPK chemical fertilizer 
with the following in kg/ha: N = 18.75, P2OÃ5Ò = 56.25. 
And K20 = 37.5. The land should be weeded once or twice 
at 15 and 30 days after planting. Chemical pest and insect 
control should be done 1-2 times before fl owering and 
podding. The seeds should be harvested at maturity after 
90-110 days. During the rainy season of the crop year 1990-
1991 these recommended practices were communicated 
/ transferred to Thai farmers; 90-98% accepted the high-
yielding seeds, 45% of them inoculated the seeds by mixing 
them with rhizobium bacteria before planting, 50% applied 
fertilizers as recommended, 80-90% applied pesticides, and 
92% used threshing machines.
 About 70% of Thailand’s total soybean producing land 
is in the northern part of the country; the second largest area 
is in the northeast (20% of the total). In crop year 1991-92 
some 348,076 ha were planted to soybeans. The cost of 
production was $287 per ha of $0.23 per kg while the price 
obtained by the farmers was about $0.31 per kg. Three crops 
of soybeans a year can be grown in Thailand. Address: Dep. 
of Agricultural Extension, Bangkok 10900, Thailand.

2746. Dalodom, Ananta. 1997. Extension of soybean in 
Thailand. In: Banpot Napompeth, ed. 1997. World Soybean 
Research Conference V: Proceedings. Soybean Feeds the 
World. Bangkok, Thailand: Kasetsart University Press. xxiv 
+ 581 p. See p. 507-10. Held at Chiang Mai, Thailand, 21-27 
Feb. 1994.
• Summary: Contents: Abstract. Introduction. Soybean 
production. Soybean problems: Production, marketing. 
Soybean production extension. Promotion of vegetable 
soybean production (starting in late 1990). Soybean 
production extension guidelines. Conclusion.
 Tables show: (1) Thailand’s imports and exports of 
soybeans, soybean meal and oil, 1981/82 to 191/92. Imports 
and exports of soybeans have been small (except for imports 
of 33,377 tons in 1988/89). Imports of soybean meal have 
been large and increasing (to 428,245 tons in 1991/92). 
Imports of oil have been small and decreasing.
 (2) Soybean production and major uses, 1981/82 to 
1991/92. Thailand’s total soybean production has jumped 
from 132,000 tons in 1981/82 to a record 672,368 tons in 
1989/90. The amount of soybean used for oil extraction 
has increased dramatically. Total meal production has also 
increased dramatically, as has use for seeds.
 (3) Soybean production targets, for crop years 1992/93 

to 1996/97. For each year is given the target for area, 
production, yield, and cost. The target area increases only 
slightly, from 433,600 ha the fi rst year to 444,800 ha the 
last year. Yet production and yields are targeted to increase 
somewhat more and costs are targeted to decrease.
 The Thai government has a policy to accelerate 
domestic soybean production and to use these soybeans to 
replace some imported soybeans. Extension is the process 
of communicating new agricultural research discoveries to 
farmers. Thailand’s Department of Agricultural Extension 
has promoted grain soybean production throughout the 
past decade. High yielding seeds have been exchanged for 
traditional seeds with the farmers in a 1 to 1 ratio. “A fi ve-
year soybean production and marketing project (1992-1996) 
has also been set up. About 10,000 tons of low-cost high-
yielding seeds and rhizobium inoculant have been provided 
to the farmers. In recent years the department has also 
promoted vegetable soybean production to supplement the 
farmers’ income.” Address: Dep. of Agricultural Extension, 
Bangkok 10900, Thailand.

2747. Napompeth, Banpot. ed. 1997. World Soybean 
Research Conference V: Proceedings. Soybean feeds the 
world. Bangkok, Thailand: Kasetsart University Press. xxiv 
+ 581 p. Held at Chiang Mai, Thailand, 21-27 Feb. 1994. 
Illust. Author index. 30 cm. [1159 ref]
• Summary: The book contains the following major 
divisions: Foreword. Preface. WSRC Continuing 
Committees. WSRC V National Organizing Committee. 
Opening addresses (4). Genetic improvement (31 papers). 
Crop protection (24). Crop science (35). Technology 
utilization (foods–13). Technology adoption (10). Plenary 
sessions (3). Special symposium: Soybean in tropical 
agriculture (10). Constitution for World Soybean Research 
Conference. Address: National Biological Control Research 
Center, Kasetsart Univ., Bangkok, Thailand.

2748. Nishiwaki, Toshikazu; Sato, T.; Yamashita, H.; 
Ikarashi, T.; Ohyama, T.; Harper, J.E.; Akao, S.; Kouchi, 
H. 1997. Changes in concentration of leghemoglobin 
components in hypernodulation mutants of soybean. Soil 
Science and Plant Nutrition (Tokyo) 43(Supp 1):1091-96. [17 
ref]
• Summary: “Leghemoglobin (Lb) plays a crucial role in 
N2 fi xation of soybean... nodules by facilitating O2 supply 
to the bacteroids. The concentration and composition of 
Lb components in hypernodulation mutant lines, NOD1-3. 
NOD2-4, and NOD3-7 from cv. Williams, and En6500 from 
cv. Enrei, were compared in relation to their nodulation 
characteristics.” Address: 1-5. Faculty of Agriculture, Niigata 
Univ., Ikarashi, Niigata, 950-21 Japan.

2749. Ohtake, Norikuni; Yamada, S.; Suzuki, M.; Takahashi, 
N.; Takahashi, Y.; Chinushi, T.; Ohyama, T. 1997. Regulation 
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of accumulation of beta-subunit of beta-conglycinin in 
soybean seeds by nitrogen. Soil Science and Plant Nutrition 
(Tokyo) 43(1):247-53. [21 ref]
• Summary: “In this study, the effects of the genetic and 
physiological backgrounds on the lack of the beta-subunit 
of beta-conglycinin in non-nodulating T201 seeds were 
investigated by crossing and grafting experiments involving 
T201 and T202 isolines. F2 progenies of the crosses were 
cultivated at high or low nitrogen levels and the genetic link 
was tested between the non-nodulated phenotype and the 
accumulation of beta-subunit. Also, the ability of the beta-
subunit to accumulate in T201 seeds grafted with nodulated 
T202 roots and in T202 seeds grafted with non-nodulated 
T201 roots was examined to analyze the role of root and 
shoot (seed) in the control of beta-subunit accumulation.” 
Address: 1-3. Faculty of Agriculture, Niigata Univ., Ikarashi, 
Niigata, 950-21 Japan.

2750. Palaniyappan, K. 1997. Soybean in South India–Start 
of an integrated effort for processing, crop production and 
yield maximization. In: Banpot Napompeth, ed. 1997. World 
Soybean Research Conference V: Proceedings. Soybean 
Feeds the World. Bangkok, Thailand: Kasetsart University 
Press. xxiv + 581 p. See p. 563-69. Held at Chiang Mai, 
Thailand, 21-27 Feb. 1994.
• Summary: This is the very interesting story of how Dr. N. 
Mahalingam, Chairman, Sakthi Group of Companies, played 
a key role in bringing soybean production to south India and 
a full-fl edged soya industry to Tamilnadu. The Sakthi Group 
started primarily as a sugar cane crushing and sugar refi ning 
company. By 1997 it had a chain of 7 sugar factories in India 
crushing 15,000 tons of cane a day–making it the largest 
manufacturer of sugar in India. The fl agship company, Sakthi 
Sugars, worked closely with its farmers to pave the way for 
a massive rise in sugar production in India from 1.1 million 
tons in 1950 to 13.4 million tons in 1991-92.
 The company used this “sugar model” as the basis for 
creating a soybean industry. The soybean crushing “factory 
of Sakthi Soyas was commissioned in June 1990, but the 
seeds for crop production in Tamilnadu were sown in 
Tamilnadu soils years earlier.”
 Contents: Preliminary efforts. Varietal adoption (the 
Thailand selection UGM-20 proved to be best adapted to 
Tamilnadu conditions. A closely related, excellent variety 
was Co-1 {Coimbatore 1}). Tamilnadu cropping systems 
and soybean introduction (intercropping in sugarcane, 
intercropping in cotton, intercropping in banana). Sakthi 
Soyas crop development program. Oilseeds, edible oils and 
protein scenario in India.
 Tables: (1) The salient features of Co-1 soybean variety. 
(2) Varietal trials 1983-85 of 12 varieties. (3) Varietal trials 
1987-1990. (4) Fertilizer response studies, 1986-88. (5) 
Foliar spray trials with AP + potash + urea, 1989-90. (6) 
Data on quantum usage of Rhizobial culture with organics. 

(7) Experiments with soybean intercropping in sugarcane, 
1987-90. (8) Soybean intercropping in cotton. (9) Soybean 
intercropping in banana. (10) Data on spacing trial (sole 
crop). Address: Sakthi Sugars Limited, Coimbatore, India.

2751. Sato, T.; Yashima, H.; Harper, James E.; Akao, S.; 
Ohyama, T. 1997. [Nodule formation and N2 fi xation traits 
of the rooted-single leaf isolated from hypernodulating 
mutants and the wild type]. Japanese J. of Soil Science and 
Plant Nutrition (Tokyo) 68(4):444-47. [8 ref. Jap]
Address: Niigata Univ., Ikarashi, Niigata, 950-21 Japan.

2752. Sato, Takashi; Nishiwaki, T.; Ohtake, N.; Ohyama, T. 
1997. [Determination of concentration of soybean nodule 
leghemoglobin components by capillary electrophoresis]. 
Japanese J. of Soil Science and Plant Nutrition (Tokyo) 
68(5):521-26. [11 ref. Jap; eng]
• Summary: “Soybean nodule contains four leghemoglobin 
components, Lba, Lbc1, Lbc2 and Lbc3, whose molecular 
weights and amino acid sequences are similar to each other. 
An analytica1 method for determining the concentrations 
of the four Lb components was developed using capillary 
electrophoresis, and the concentrations of each component 
were compared among three soybean cultivars.
 “Soybean nodules were freeze-dried and ground into 
fi ne powder. Twenty milligrams of sample powder was 
extracted with 1 mL of 100 mM potassium phosphate buffer 
(pH 6.8). The extract was passed through a hydroxyapatite 
mini column to eliminate the interfering substances. Twenty 
fi ve microliters of the partially purifi ed solution was mixed 
with 5 microliters of a potassium ferricyanide (10 g per kg) 
and nicotinic acid (10 g per kg) solution, plus 20 microliters 
of a sodium azide (2 g per kg) solution. For analysis we used 
a fused-silica capillary with a 1 m length and 75 micrometer 
internal diameter. 75 mM sodium phosphate buffer (pH 2.0) 
was used as the electrolyte and charged with 25 kV at 20ºC. 
Leghemoglobin components were detected by optical density 
at 185 nm.
 “The Lb components were purifi ed and migration 
time of each Lb component identifi ed. By the analytical 
conditions described above, four peaks were completely 
separated and the migration times of Lbc2, Lbc3, Lba, Lbc, 
were faster in this sequence. The peak heights of each Lb 
component was the same, so we used purifi ed Lba as the 
standard for calibration.
 “The concentrations of each Lb component in nodules 
with diameters 3-5 mm were analyzed for soybean cultivars 
‘Williams’, ‘Enrei’ and ‘T202’ at 40 d after planting. The 
Enrei nodules contained a higher concentration of total 
Lb components than the other two cultivars. The relative 
compositions of the four components were different among 
the cultivars.” Address: Faculty of Agriculture, Niigata Univ., 
Japan.
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2753. Wang, Lianzheng. 1997. Soybean: A world-wide crop. 
In: Banpot Napompeth, ed. 1997. World Soybean Research 
Conference V: Proceedings. Soybean Feeds the World. 
Bangkok, Thailand: Kasetsart University Press. xxiv + 581 
p. See p. 517-20. Held at Chiang Mai, Thailand, 21-27 Feb. 
1994. [2 ref]
• Summary: Contents: Abstract. Versatile uses of soybean: 
Soybean as a staple food, soybean as a foodstuff (e.g. “fresh 
or dried bean curd, bean milk, soy sauce, soy sprouts, 
fermented bean curd, jellied bean curd, and thin sheets 
of bean curd” [yuba]), soybeans as a main oil crop (The 
oil is classifi ed as semidrying and intermediate between 
the fast-drying oils, such as linseed and tung, and the 
non-drying peanut oil), soybeans for industrial uses (high 
grade industrial enamels, varnishes, alkyl resin paints, inks 
and stains, pharmaceuticals, oilcloth, linoleum, synthetic 
rubber, lecithin, hormones, vitamins, furfural, bakelite and 
monosodium glutamate. Soy protein in used in adhesives, 
paper coatings, water-thinned paints, plastics, printing 
inks, textile fi bers), soybean in livestock and poultry feeds, 
soybeans fertilize and enrich the soil (nitrogen fi xation by 
Rhizobium bacteria), export importance. Soybean production 
in the world and main countries. Technological advances 
for the increase of soybean yield: Collection and exchange 
of soybean genetic resources, breeding of new soybean 
varieties, rational application of organic and inorganic 
fertilizers, improved cultivation techniques, rational 
irrigation, plant protection–Controlling insect pests, plant 
diseases and weeds. Trends of soybean production in the 
future: Enlargement of soybean acreage and readjusting of 
crop structure, increasing soybean yield per hectare. Address: 
Chinese Academy of Agricultural Sciences, CAAS, 30 
Baishiqiao Road, West Suburbs, Beijing 100081, People’s 
Republic of China.

2754. Arrese-Igor, Cesar; Gordon, A.J.; Minchin, F.R.; 
Denison, R.F. 1998. Nitrate entry and nitrite formation in 
the infected region of soybean nodules. J. of Experimental 
Botany 49(318):41-48. Jan. [50 ref]
• Summary: “Nitrate was observed to gain access to the 
infected region in the short-term and signifi cant amounts 
could be measured within 2 days of nitrate supply. The 
availability of nitrate in the bacteroid-containing region 
did not cause free-nitrite accumulation for at least 8 days.” 
Address: 1. Dep. Ciencias del Medio Natural, Univ. Pública 
de Navarra, Campus de Arrosadía, E-31006 Pamplona, 
Spain.

2755. Marutani, Mari; Schlub, Robert. 1998. Vegetable 
soybeans on Guam. Cooperative Extension, College of 
Agriculture and Life Sciences, University of Guam. March. 
6 p.
• Summary: Contents: Vegetable soybean plant: What is a 
vegetable soybean, which part is edible, nutritional value, 

how to grow vegetable soybeans, how to market. Suggested 
cultural practices: Choice of land, planting date, land 
preparation, seed selection, root inoculant [seed inoculum], 
fertilizers, planting methods, irrigation, diseases and 
pests, harvest, storage of harvested plants before shipping, 
processing, saving seeds and seed storage, soybean plant in 
crop rotation.
 Market survey: Objectives, fi ndings. Survey conducted 
to restaurant and bar owners in June, 1997. There were 
41 responses. 73% of the people surveyed said they were 
familiar with “Edamame.” 34% of the restaurants and 
bars offer “Edamame” on their menu. 90% of those who 
offer “Edamame” on their menu said they would buy 
locally grown fresh vegetable soybeans. Address: 1. PhD, 
Horticulturist, Agric. Exp. Station; 2. PhD, Plant Pathologist, 
Guam Cooperative Extension. Both: College of Agriculture 
and Life Sciences.

2756. IITA. 1998. Annual report 1997. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 96 p. 
28 cm.
• Summary: The section titled “Simultaneous cropping with 
Pueraria,” (p. 24-25) uses Pueraria phaseoloides to improve 
the fertility of the soil through nitrogen fi xation as well as 
nutrient cycling from the subsoil and stimulation of the 
activity of soil biota.
 The section titled “IPM helps farmers increase cowpea 
production” (p. 36-37) discusses varieties resistant to Strigia, 
aphids, and bruchids. See also p. 69-70 for more on IPM.
 The section titled “Project 12–Improvement of maize-
grain legume systems in the moist savanna of West and 
Central Africa” (p. 62-63) states: “About 200 soybean 
breeding lines were evaluated for total nitrogen production 
through fi xation (from the atmosphere). This enabled 
selection of breeding lines that produce high grain yield 
and also contribute nitrogen to the production system even 
when the grain is harvested. Several breeding lines have 
been identifi ed with grain yields equal to the best check and 
producing 50 to 75% higher fodder yields.
 “Response of key maize and soy genotypes could 
be predicted with simulation models in diverse cropping 
systems in on-station studies.” Address: PMB 5320, Oyo 
Road, Ibadan, Nigeria.

2757. Nichols Garden Nursery. 1998. Catalog of herbs & 
rare seeds–1998 (Mail order catalog). Albany, Oregon: 
Nichols Garden Nursery. 71 p. See p. 17.
• Summary: In the section titled “New and unusual 
vegetables–All new 1998” (p. 17) we read: “Buker’s Favorite 
Soybean–Choice vegetable soybean. 90 days. Soybeans-in-
a-pod, known as edamame or branch-beans are a favorite 
and healthy summer snack, in Japan and Hawaii. Leave pods 
on the stem, wash, and cook in salted boiling water for 10 
minutes, then eat these large seeded buttery yellow beans 
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straight from the pod. Excellent fl avor, also good shelled for 
salads and stir-frys. Not daylength sensitive, grows well in 
North Dakota as well as Thailand. Selected by Dr. Robert J. 
Buker of Vancouver, Washington.
 “Pkt. $1.75. ¼ lb. $2.95. ½ lb. $4.95. 1 lb. $7.75. 5 lbs. 
$28.95.”
 Note: Soybeans will not yield well if they are not 
inoculated. This is not stated at the entry for soybeans. This 
book has no index or table of contents. Yet legume inoculant 
is listed on p. 19 in the section on “Beans.”
 The back cover states: “N.P. Nichols established the 
legendary Nichols Garden Nursery, one of the country’s 
oldest herb businesses. He wrote Basic Herb Cookery 45 
years ago.” Over 40,000 copies have been sold. The current 
company president, Rose Marie Nichols McGee, has revised 
and expanded her father’s original book. Address: 1190 
North Pacifi c Highway, Albany, Oregon 97321. Phone: (541) 
928-9280.

2758. Waters, James K.; Hughes, B.L., II; Purcell, L.C.; 
Gerhardt, K.O.; Mawhinney, T.P.; Emerich, D.W. 1998. 
Alanine, not ammonia is excreted from N2-fi xing soybean 
nodule bacteroids. Proceedings of the National Academy of 
Sciences, USA 95(20):12038-42. Sept. 29. [29 ref]
• Summary: “Symbiotic nitrogen fi xation, the process 
whereby nitrogen-fi xing bacteria enter into associations 
with plants, provides the major source of nitrogen for the 
biosphere. Nitrogenase, a bacterial enzyme, catalyzes the 
reduction of atmospheric dinitrogen to ammonium. In 
rhizobia-leguminous plant symbioses, the current model of 
nitrogen transfer from the symbiotic form of the bacteria, 
called a bacteroid, to the plant is that nitrogenase-generated 
ammonia diffuses across the bacteroid membrane and 
is assimilated into amino acids outside of the bacteroid. 
We purifi ed soybean nodule bacteroids by a procedure 
that removed contaminating plant proteins and found that 
alanine was the major nitrogen-containing compound 
excreted.” Address: Dep. of Biochemistry, Univ. of Missouri, 
Columbia, MO 65211.

2759. Soybean Digest. 1998. Nitragin-brand inoculants 
celebrate 100th anniversary. Aug/Sept. p. 6.
• Summary: Nitragin-brand inoculants, the world’s fi rst 
agricultural inoculants, are now manufactured by LiphaTech. 
The company’s latest product is Cell-Tech 2000, a liquid 
soybean inoculant which can be applied either on-seed or 
in-furrow.
 Note: The Nitragin Company was purchased in about 
1987 and is now named LiphaTech, Inc. Address: 3101 W. 
Custer Ave., Milwaukee, Wisconsin 53209. Phone: 414-462-
7600.

2760. Wing, John C. 1998. Re: Wing Seed Co. Letter to 
William Shurtleff at Soyfoods Center, Nov. 10–in reply to 

inquiry. 1 p. Typed, with signature.
• Summary: David G. Wing, who was John’s father, was 
soybean pioneer in Ohio. “I apologize that I know little 
about the Wing Seed Company. My father talked about it 
to some degree. He stated that it was the introduction, by 
his Uncle Charles, of small garden and fl ower seeds that 
drove the company to its demise. Indeed, Charles did have 
considerable nursery stock, some of which is still in evidence 
on the present farm. Dad talked about a rather large fi eld of 
peonies located along a main highway, that when blooming, 
drew hundreds of admirers. I suspect the post World War I 
depression sent the company reeling.
 “In regard to soybeans I remember Dad talking about 
making hay from soybeans. The dust was almost unbearable 
but at the time there was little other use for the plant. He also 
talked about going to the fi eld where soybeans had grown 
and bagging soils that contained rhizobia nitrogen fi xing 
bacteria. This soil was then shipped all over the country since 
in many cases the bacteria was not available in most soils.
 “My grandfather, Joseph E. Wing, was a pioneer in 
growing alfalfa east of the Mississippi River. He learned 
alfalfa needed a ‘sweet’ (high pH) soil and was successful in 
growing alfalfa here in the midwest. He wrote and traveled 
extensively promoting alfalfa all over the country. The 
enclosed catalog, which incidentally was printed the year 
he died, has a section on alfalfa and soybeans.” Address: 
Woodland Farms, Inc., 11386 Rosedale Rd., Mechanicsburg, 
Ohio 43044. Phone: 937-834-2037.

2761. Serraj, Rachid; Frangne, N.; Maeshima, M.; Fleurat-
Lessard, P.; Drevon, J-J. 1998. A gamma-TIP cross-reacting 
protein is abundant in the cortex of soybean N2-fi xing 
nodules. Planta 206(4):681-84. Nov. [16 ref]
• Summary: “Abstract: The distribution and abundance of 
tonoplast intrinsic protein (gamma-TIP), a putative aquaporin 
which is abundant in the tonoplast of osmoregulated pulvinus 
motor cells, were determined in nodules of Glycine max 
(L.) Merr. using chemical fi xation and immunolocalization. 
This protein was highly expressed in the tonoplast of the 
inner cortical cells of the nodules but poorly expressed in 
the vascular transfer cells and in infected cells.” Address: 
1. Laboratoire de Physiologie Végétale, Département de 
Biologie, Faculté des Sciences-Semlalia, BP S 15 Marrakech, 
Morocco.

2762. Loyola, José de Jesús. 1998. El cultivo de la soya 
(Glycine max (L.) Merrill) [Cultivation of soybeans]. 
Universidad Autonoma Chapingo, Departamento de 
Fitotecnia, Temas Didacticos No. 4. 51 p. Dec. [105 ref. Spa]
• Summary: Contents: 1. Economic importance. 2. Uses 
of the soybean. 3. History of the soybean (origin and 
distribution). 4. Taxonomic classifi cation. 5. Botanical 
description. 6. Phenology of the soybean. 7. Ecological 
requirements. 8. The soybean production process: Production 
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systems, cultivation, varieties suited to Mexico (Jupiter, 
Santa Rosa, UFV-1, Tapachula 86, Huasteca 100, Huasteca 
200, Tetabiate, Bragg, Davis), time of planting, seed 
treatment (inoculant and inoculation), density of planting 
(table shows ideal density for 6 varieties), method and depth 
of planting, fertilizer use, irrigation, weeds and their control, 
pests (insects) and diseases, harvest, storing. Address: 
Programa de Investigación de Leguminosas de Grano 
Comestible.

2763. Abaidoo, R.C. 1998. Genetic diversity within 
Bradyrhizobia populations that nodulate soybean genotypes 
in Africa. PhD thesis, University of Hawaii. 245 p. *

2764. Ayanu, T.S.; Sanginga, N.; Fagade, O.; Thottappilly, 
G.; Osonubi, O. 1998. Genetic diversity and effectiveness of 
rhizobia nodulating a single plant of promiscuous soybean 
in moist savanna zone of West Africa. In: F.D. Dakora, 
ed. 1998. Biological Nitrogen Fixation in Africa: Linking 
Process to Progress. Proceedings of the Eighth Congress of 
the African association for Biological Nitrogen Fixation. 
University of Cape Town, South Africa. 288 p. See p. 16-19. 
Illust. 30 cm. *
• Summary: As of Aug. 2018 the National Agricultural 
Library does not own the proceedings of this 8th African 
congress, but it does have the proceedings of the 4th, 6th and 
12th African Congresses. Address: 1-2. International Inst. 
of Tropical Agriculture, Oyo Road P.M. Box 5320, Ibadan, 
Nigeria.

2765. Dashiell, K.E.; Sanginga, N. 1998. Farmer 
participatory evaluation of six improved soybean varieties 
in the northern Guinea savanna of Nigeria. IITA Project 12 
Annual Report p. 29-31. *

2766. Franzluebbers, Kathrin; Hossner, L.R.; and Juo, A.S.R. 
1998. Integrated nutrient management for sustained crop 
production in Sub-Saharan Africa: a review. Tropical Soils 
TAMU Technology Bulletin (College Station, Texas: Texas A 
& M University) No 98-03. 50 p. *

2767. Woomer, P.L.; Kahindi, J.H.P.; Karanja, N.K. 1998. 
Nitrogen replenishment in the East African Highlands 
through biological nitrogen fi xation and legume inoculation. 
Agronomie Africaine In press. *

2768. Elmerich, C.; Kondorosi, A.; Newton. W.E. 1998. 
Biological nitrogen fi xation for the 21st century: proceedings 
of the 11th International Congress on Nitrogen Fixation, 
Institut Pasteur, Paris, France, July 20-25, 1997. Dordrecht; 
Boston: Kluwer Academic Publishers. xx + 708 p. Illust. 
25 cm. Series: Current Plant Science and Biotechnology in 
Agriculture, Vol. 31. [500+* ref]
• Summary: Page 685: “Round Table: Agriculture 2020: 8 

billion people.” Gore (1993) predicts this population fi gure 
by 2020.
 “The striking rise in cereal grain yields in developed 
countries between 1950 and 1990 is directly attributable 
to a 10-fold increase in N fertiliser use (Vance, 1997). The 
‘green \revolution’ in agriculture of the developing world, 
which resulted in large increases in cereal grain production 
since the 1960s, has been a result of the development of 
plant genotypes which are highly responsive to chemical 
fertilizers, particularly nitrogen (Boddey et al., 1995; 
Ladha, 1995). However, there have arisen also a series 
of concomitant environmental problems along with this 
increased use of N-fertiliser (Boddey et al., 1995; Ladha et 
al., 1997).” Address: 1. Departement des Biotechnologies, 
Institut Pasteur, Paris, France.

2769. Enikeeva, L.N.; Karazanova, L.N. comp. 1998. Soia: 
Nauchno-proizvodstvennyi spravochnik [Soybean: Research 
and production manual]. Moscow, Russia: Central Scientifi c 
Agricultural Library (CSAL) of the Russian Academy of 
Agricultural Sciences (RAAS). 204 p. Author index. 21 cm. 
[817 ref. Rus; eng]
• Summary: This book is primarily a bibliography. Starting 
on p. 49, the references are numbered sequentially from 1 
to 817 and organized by subject. Most foreign-language 
references have a very brief Russian-language abstract / 
summary. Contents: Foreword. Soybeans: actual state of 
growing, problems of cropping and use. Informational 
search on “Soybean” matters: Bibliographical provision, 
procedure of informational search on “Soybean” matters. 
Soybean crop (topical reference index). General matters. 
Economics and organization. Biology: Genetics, physiology, 
nitrogen fi xation, biochemistry, application of biotechnology 
methods. Agrotechnics. Disease, pest and weed protection. 
Breeding: Breeding methods, parent material, transgenic 
plants production, genetic markers, assessment of breeding 
material, breeding methods and techniques. Varieties, 
variety testing. Seed growing, seed quality and storage. 
Processing and use as human aliment. Use in livestock 
production. Mechanization of cropping and processing. 
Proceedings of research and scientifi c congresses, 
symposia, conferences and meetings. Reference books. 
Serials. Research: Completed research, research in course, 
theses author’s abstracts. Inventions: Patents, applications. 
Standards. Production catalogues. Research institutions 
involved in soybean investigation (R&D institutes, high 
schools, experimental stations). Processing enterprises. 
Researchers of soybean matters: All-Russia Research 
Institute of Soybean Growing, Siberian Research Institute 
of Feedstuffs, Far-East State Agrarian University, Far-East 
Research Institute of Agriculture, All-Russia Research 
Institute of Oil-Bearing Crops, Kabardin and Balkar State 
Agricultural Academy, Moscow Agricultural Academy and 
Kaluga branch department, Ershovo Experimental Station 
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of Irrigated Agriculture, other institutions. Advertising 
materials. References. Author’s index (for topical section of 
the manual). Address: Russia.

2770. Khonje, D.J. 1998. Nodulation and yield of some self-
nodulating soyabean varieties in Malawi. In: S.M. Mpepereki 
and F.T. Makonese, eds. 1998. Harnessing Biological 
Nitrogen Fixation in African Agriculture: Challenges and 
Opportunities: Sixth International Conference of the African 
Association for Biological Nitrogen Fixation. Mount 
Pleasant, Harare, Zimbabwe: University of Zimbabwe 
Publications. ix + 270 p. See p. 185-93. Held 1994. [4 ref]
• Summary: “To achieve high grain yields in excess of 1500 
kg/ha it is recommended that these self-nodulating soyabean 
varieties be inoculated to boost inoculation and plant vigour 
early in the growth cycle, especially on virgin land.
 “Introduction: The cultivation of soyabeans in Malawi 
requires that seed should be inoculated with a highly 
effective strain of nodule forming bacteria Bradyrhizobium 
spp. This type of bacteria is not known to occur naturally 
in the soils of Malawi. However, some [soyabean] varieties 
developed in Zambia, namely Magoye and Hernon 147 are 
reported to form nodules, fi x nitrogen and give good grain 
yields without being artifi cially inoculated (Javaheri 1986; 
Javaheri and Joshi 1986).”
 In Malawi, these varieties have not yet been released 
to farmers. Address: Chitedze Agric. Research Station, P.O. 
Box 158, Lilongwe, Malawi.

2771. Mpepereki, Sheunesu M.; Makonese, Fred T. 
eds. 1998. Harnessing biological nitrogen fi xation in 
African agriculture: challenges and opportunities: Sixth 
International Conference of the African Association for 
Biological Nitrogen Fixation, 12-17 September, 1994, 
Harare, Zimbabwe. Selected papers Mount Pleasant, Harare, 
Zimbabwe: University of Zimbabwe Publications, 1998. ix + 
270 p. Illust. Maps. 26 cm. [300+ ref]
• Summary: These excellent proceedings of the Sixth 
International Conference continue a tradition that began 
in July 1984 in Nairobi, Kenya. Papers specifi cally about 
soybeans are cited separately.
 Contents: Preface. Acknowledgements. Foreword: Can 
biological nitrogen fi xation meet the agronomic, socio-
economic and environmental challenges facing Africa? 
by K.M. Kangai, Hon. Minister of Lands and Agriculture, 
Zimbabwe. Introduction: Contribution of biological nitrogen 
fi xation towards the African food and environmental 
challenges. S.O. Keya.
 Part 1: Constraints and opportunities for biological 
nitrogen fi xation technologies in Africa (4 papers).
 Part 2: Socio-economic impact of biological nitrogen 
fi xation (4).
 Part 3: Rhizobium ecology and characterization (6).
 Part 4: Rhizobial inoculant production and use (4).

 Part 5: Biological nitrogen fi xation in grain legumes (5).
 Part 6: Biological nitrogen fi xation in forestry and 
agroforestry systems (6). Conclusion. Biological nitrogen 
fi xation: sustaining agriculture into the twenty-fi rst century?, 
by S.M. Mpepereki and F.T. Makonese. List [directory] 
of participants. Address: 1. PhD in Soil Microbiology; 2. 
MSc in Soil Microbiology. Both: Dep. of Soil Science and 
Agricultural Engineering, Univ. of Zimbabwe, Harare.

2772. Mudimu, G.D. 1998. Economic analysis of soyabean 
production and management technologies: a case study 
of Hurungwe Communal Lands, Zimbabwe. In: S.M. 
Mpepereki and F.T. Makonese, eds. 1998. Harnessing 
Biological Nitrogen Fixation in African Agriculture: 
Challenges and Opportunities: Sixth International 
Conference of the African Association for Biological 
Nitrogen Fixation. Mount Pleasant, Harare, Zimbabwe: 
University of Zimbabwe Publications. ix + 270 p. See p. 75-
81. Held in 1994. [12 ref]
• Summary: “Use of improved soyabean production and 
management technologies improved yield of the local 
variety, Hurungwe Special. Most farmers viewed improved 
seed and management practices, such as early planting, 
proper plant density, inoculation, proper fertiliser placement 
and timing of application as contributing to increased 
soyabean yield. Soyabean has potential as a major cash crop 
for small-scale farmers in better rainfall areas. Expansion 
of soybean production is possible given the positive net 
return to land and family labour compared to some crops in 
the cropping system. It fi ts in well into the current farming 
practices of the farmer. It also offers the opportunity to 
increase cash income without any serious consequence on 
household food security as farmers are unlikely to make a 
complete substitution of soyabeans for maize.” Address: 
Dep. of Agricultural Economics and Extension, Univ. of 
Zimbabwe, Box MP 167, Mt. Pleasant, Harare, Zimbabwe.

2773. Nkwine, C. 1998. Survival and establishment of 
soyabean rhizobia in soil under fallow and soyabean/
maize cropping. In: S.M. Mpepereki and F.T. Makonese, 
eds. 1998. Harnessing Biological Nitrogen Fixation in 
African Agriculture: Challenges and Opportunities: Sixth 
International Conference of the African Association for 
Biological Nitrogen Fixation. Mount Pleasant, Harare, 
Zimbabwe: University of Zimbabwe Publications. ix + 270 
p. See p. 146-49. Held 1994. [6 ref]
• Summary: “Rhizobial populations were estimated using 
the Most Probable Number (MPN) technique. Rhizobial 
populations varied signifi cantly (P < 0.05) amongst the 
different treatments. At 140 days after soil inoculation, 
rhizobia counts in soil planted with maize were lowest 
followed by those in soil under fallow and highest in soil 
under soyabean. It was concluded that soyabean rhizobia do 
not survive and establish well in soil in the absence of the 
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macrosymbiont.
 “Introduction: Soyabean is normally grown in rotation 
with other crops to reduce the build-up of diseases, [insect] 
pests and weeds. It is as well grown in rotation to exploit 
the contributions of the crop, through nitrogen fi xation, to 
the soil nitrogen economy.” Address: Soil Science Dep., 
Makerere Univ., P.O. Box 7062, Kampala, Uganda.

2774. Sanginga, P.C. 1998. Adoption and socio impact 
assessment of improved agricultural technologies: The case 
of soybean in Benue State, Nigeria. Ph.D. thesis, Univ. of 
Ibadan, Ibadan, Nigeria. 350 p. *

2775. Sato, Takashi; Yashima, H.; Ohtake, N.; Sueyoshi, K.; 
Akao, S.; Harper, J.E.; Ohyama, T. 1998. Determination of 
leghemoglobin components and xylem sap composition by 
capillary electrophoresis in hypernodulation soybean mutants 
cultivated in the fi eld. Soil Science and Plant Nutrition 
(Tokyo) 44(4):635-45. [27 ref]
• Summary: “The hypernodulation soybean mutant lines 
(NOD1-3, NOD2-4, NOD3-7) and their parent Williams, 
and the mutant En6500 and its parent Enrei were cultivated 
in a sandy dune fi eld in Niigata, and the nodules and root 
bleeding xylem sap were sampled at 50, 70, 90, and 120 d 
after planting (DAP). The nodule size distribution patterns 
and concentration of leghemoglobin components were 
determined.” Address: 1-2. Graduate School of Science and 
Technology, Faculty of Agriculture, Niigata Univ., Niigata, 
950-21 Japan.

2776. Solomon, M.G.; Abang, S.O. 1998. An evaluation 
of the socio-economic impact of adopting soyabean, a 
biological nitrogen-fi xing legume, by women farmers in 
the cropping systems of Cross River State, Nigeria. In: 
S.M. Mpepereki and F.T. Makonese, eds. 1998. Harnessing 
Biological Nitrogen Fixation in African Agriculture: 
Challenges and Opportunities: Sixth International 
Conference of the African Association for Biological 
Nitrogen Fixation. Mount Pleasant, Harare, Zimbabwe: 
University of Zimbabwe Publications. ix + 270 p. See p. 99-
105. Held 1994. [5 ref]
• Summary: “The results showed that earnings of farmers 
who introduced soyabeans were signifi cantly higher than 
those who had not. Over 80% of the BNF [biological 
nitrogen fi xation] technology adopters earned incomes 
between N2,000 and N6,000 [N=Naira, the unit of Nigerian 
currency] per annum while only 10% of the non-adopters 
earned equivalent incomes with similar farm sizes. This 
study also showed that farms which adopted the BNF 
technology had improved soil fertility status which is an 
indication that the crop was complementary in the cropping 
system... It is therefore concluded that incorporating the 
cultivation of soyabean into the future farm policy of this 
State would be benefi cial in terms of both incomes and soil 

fertility improvement.” Address: Dep. of Soil Science, Univ. 
of Calabar, Calabar, Nigeria.

2777. Bergersen, F.J. 1999. Delivery of N2 to bacteroids in 
simulated soybean nodule cells: consideration of gradients of 
concentration of dissolved N2 in cell walls, cytoplasm, and 
symbiosomes. Protoplasma 206(1/3):137-42. March. [25 ref]
• Summary: “Summary: The previously published 
simulation of physiological functions occurring in infected 
cells of soybean nodules has been extended to include 
consideration of the diffusion of N2 from the outside of 
a nodule to the nitrogen-fi xing bacteroids, in relation to 
published values for the apparent Km(N2) for nitrogen 
fi xation in the soybean nodule system. Nitrogen fi xation is 
driven by bacteroid respiration, so increases in the average 
relative oxygenation (Y) of cytoplasmic leghaemoglobin 
lead to increased bacteroid respiration, increased nitrogen 
fi xation, and greater differences in concentration of dissolved 
N2 between the cell surface and the innermost bacteroids 
(d[N2]).” Address: Div. of Biochemistry and Molecular 
Biology, School of Life Sciences, Australian National Univ., 
Canberra, ACT, Australia.

2778. Hoffman, Thomas; Schmidt, J. Scott; Zheng, X.; Bent, 
A.F. 1999. Isolation of ethylene-insensitive soybean mutants 
that are altered in pathogen susceptibility and gene-for-gene 
disease resistance. Plant Physiology 119(3):935-49. March. 
[59 ref]
• Summary: “Plants commonly respond to pathogen 
infection by increasing ethylene production, but it is 
not clear if this ethylene does more to promote disease 
susceptibility or disease resistance. Ethylene production and/
or responsiveness can be altered by genetic manipulation. 
The present study used mutagenesis to identify soybean... 
lines with reduced sensitivity to ethylene.” Address: Dep. 
of Crop Sciences, Univ. of Illinois at Urbana-Champaign, 
Urbana, Illinois 61801.

2779. Sato, Takashi; Nishiwaki, T.; Ohtake, N.; Sueyoshi, 
K.; Ohyama, T. 1999. Non-involvement of ethylene action 
on the nitrate inhibition of nodulation in hypernodulation 
soybean mutant and its parent cv. Williams. Niigata Daigaku 
Nogakubu Kenkyu Hokoku (Bulletin of the Faculty of 
Agriculture, Niigata University) 51(2):121-30. March. [13 
ref. Eng; jap]
• Summary: “The results obtained, did not support the 
hypothesis that the depression of nodulation and N2 fi xation 
in soybean by nitrate is mediated through the ethylene 
action. Moreover, the nodulation of hypernodulation mutant 
was not specifi cally infl uenced by ACC treatment like 
Williams. This result suggests that the profuse nodulation 
in hypernodulation mutant NOD1-3 and the autoregulatory 
control of nodulation may not be involved in ethylene 
action.” Address: 1. Graduate School of Science and 
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Technology, Niigata Univ., 2-8050 Ikarashi, Niigata 950-
2181 Japan.

2780. Schmidt, J. Scott; Harper, James E.; Hoffman, 
T.K.; Bent, A.F. 1999. Regulation of soybean nodulation 
independent of ethylene signaling. Plant Physiology 
119(3):951-59. March. [53 ref]
• Summary: “Leguminous plants regulate the number of 
Bradyrhizobium- or Rhizobium-infected sites that develop 
into nitrogen-fi xing root nodules. Ethylene has been 
implicated in the regulation of nodule formation in some 
species, but this role has remained in question for soybean...” 
Address: 1,2&4. Dep. of Crop Sciences, Univ. of Illinois at 
Urbana-Champaign, Urbana, Illinois 61801.

2781. Minamisawa, Kiwamu; Nakatsuka, Y.; Isawa, T. 1999. 
Diversity and fi eld site variation of indigenous populations of 
soybean bradyrhizobia in Japan by fi ngerprints with repeated 
sequences RSalpha, and RSbeta. FEMS Microbiology 
Ecology 29(2):171-78. June. [26 ref. Eng]
• Summary: “Two hundred and thirteen isolates of soybean 
bradyrhizobia indigenous to six fi eld sites in Japan were 
characterized using hybridization probes RSalpha, RSbeta, 
nifDK and hupSL from Bradyrhizobium japonicum and 
indole-3-acetic acid production to clarify diversity and 
endemism of their population structures. Signifi cant 
diversities and site-dependent variations were observed 
in terms of Bradyrhizobium species, hup genotype and 
fi ngerprints with repeated sequences RSalpha and RSbeta.” 
Note: FEMS stands for the Federation of European 
Microbiological Societies. Address: 1, 3. Inst. of Genetic 
Ecology, Tohoku Univ., Katahira, Aoba-ku, Sendai 980-
8577, Japan.

2782. IITA. 1999. International Institute of Tropical 
Agriculture: 1967–1997, in the vanguard of sub-Saharan 
agricultural development. Ibadan, Nigeria: IITA. 32 p. 18 x 
26 cm.
• Summary: IITA celebrated its 30th anniversary in 1997. 
This attractive report, loaded with large color photos, gives 
a 30-year history of the impact of IITA’s work to improve 
agriculture productivity and develop sustainable agriculture 
in sub-Saharan Africa. “IITA is proud to be part of the global 
agricultural research network, the Consultative Group on 
International Agricultural Research (CGIAR). The Preface’s 
slogan is “Africa is rising: IITA is helping.”
 The section titled “Soybean” (p. 12-13) states: “Soybean 
is rapidly becoming a major food as well as an industrial 
crop in West Africa, particularly in Nigeria. This comes as 
a result of the adoption of IITA varieties which have a high 
yield, store well, do not require inoculation with expensive, 
imported rhizobium, and which can be grown profi tably by 
peasant farmers.
 “For example, a soybean utilization project, with major 

funding from the International Development Research Centre 
(IDRC), has helped spread improved soybean varieties 
throughout Nigeria. More than 47,000 people, including 
30,000 women, have been trained on how to produce and 
use soybean to fortify their diets. About 140 food products 
with satisfactory nutritive value and consumer acceptability 
have been developed, some of which have been scaled up 
to industrial-level production. Soybean is now sold in most 
markets in the country.
 “The project has spawned small agro-allied businesses 
that contribute substantially to economic growth. Enterprises 
processing soybean for food and livestock feeds have 
increased from 5 in 1987 to more than 60 today. Use of 
soybean to treat malnutrition is spreading throughout 
Nigeria; in one state, 35 percent of hospitals are using 
soybean products to treat the condition.”
 Also discusses: Cowpeas, whose production has 
tripled worldwide since 1974. IITA’s germplasm collection. 
Alley farming, an alternative to slash-and-burn cultivation. 
Biological control and integrated pest management. During 
the past three decades IITA has trained more than 9,000 
Africans, including around 400 at the M.Sc. level and more 
than 300 at the Ph.D. level. Establishing agricultural research 
and training networks in Africa is one of IITA’s greatest 
achievements; these networks bridge national boundaries and 
national political differences.
 Photos show: (1) The driveway, fl anked by lush green 
lawns and royal palms, that leads past the IITA welcome 
sign to its headquarters in Ibadan, Nigeria (p. 2-3). (2) 
Two African men in a village, with mud-walled huts and 
four children in the background, holding a large metal tub 
half fi lled with yellow soybeans (p. 12). (3) Many African 
women, clad in colorful native cloth, holding cups over a 
pot; into them one woman is ladling a thick puree containing 
ground soybeans. Address: PMB 5320, Oyo Road, Ibadan, 
Nigeria. Phone: (234-2) 241-2626.

2783. Araújo, F.F.; Hungria, M. 1999. Nodulacao e 
rendimento de soja co-infectada com Bacillus subtilis 
e Bradyrhizobium japonicum / Bradyrhizobium elkanii. 
[Soybean nodulation and yield when co-inoculated 
with Bacillus subtilis and Bradyrhizobium japonicum / 
Bradyrhizobium elkanii]. Pesquisa Agropecuaria Brasileira, 
Serie Agronomia 34(9):1633-43. Sept. [34 ref. Por; eng]
• Summary: “Abstract: Bacillus subtilis can improve 
rhizobial symbiotic performance by inhibiting plant 
pathogens or by the extrudation of hormones. To verify 
the viability of co-inoculation of soybean seeds with 
Bradyrhizobium and Bacillus, three experiments were 
performed in the State of Parana, Brazil, in soils with 
established population of Bradyrhizobium.”
 This approach increases the seed yield (26%) and the 
percentage of nitrogen in the soybean seeds (17%). Address: 
1. Eng. Agr., M.Sc.; 2. Eng, Agr., PhD. Both: Embrapa 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   988

© Copyright Soyinfo Center 2018

Centro Nacional de Pesquisa de Soja (CNPSo), Caixa Postal 
231, CEP 86001-970 Londrina, PR, Bolsista da Capes, 
Brazil.

2784. Takahashi, Yoshihiko; Ohyama, T. 1999. Technique 
for deep placement of coated urea fertilizer in soybean 
cultivation. Japan Agricultural Research Quarterly (JARQ) 
33:235-42. Oct. [14 ref. Eng]
• Summary: “The objective of this study was to increase 
the productivity of soybean seeds by the application of 
controlled release nitrogen fertilizers (coated urea). Based 
on the results obtained in fi eld experiments carried out 
for 3 years (1989-1991), deep placement of coated urea 
consistently enabled to increase the seed yield by about 
10-20% over the conventional treatment. Deep placement 
of coated urea did not depress the N2 fi xation activity 
throughout the growth stages until maturity, though N from 
fertilizer was actively absorbed. The basal deep placement 
of coated urea for soybean cultivation enabled to supply N 
from the lower part of roots without concomitant depression 
of N2 fi xation, and consequently seed yield increased. 
High recovery rate (over 60%) of fertilizer N was also 
advantageous from economical viewpoints.” Address: 
Niigata Agricultural Research Institute, Crop Research 
Center, Nagakura, Nagaoka, Niigata, 940-0826 Japan.

2785. Specht, J.E.; Hume, D.J.; Kumudini, S.V. 1999. 
Soybean yield potential–a genetic and physiological 
perspective. Crop Science 39(6):1560-70. Nov. [32 ref]
• Summary: In the USA, average annual soybean yield 
increases are reported to be 22.6 kg per ha from 1924 to 
1997, however in the last 25 years they have risen 40% 
faster, at 31.4 kg per ha. This rapid increase is due to rapid 
adoption of technologies based on agricultural research. It 
is estimated that gains in yield due to genetic improvement 
averaged about 15 kg per ha per year prior to the 1980s, but 
now averages about 30 kg per ha per year in both the public 
and private sectors.
 The steady increase in carbon dioxide levels and 
irrigation also contributes to yield increases.
 In Ontario, Canada, several physiological traits changed 
during 60 years of soybean variety releases, including 
improved lodging, increased nitrogen fi xation, and better 
stress tolerance; these have led to yield increases of about 
0.5% a year.
 Technological innovation must be continually injected 
into agriculture in order to feed the human population now 
rising at the rate of about 83 million people per year.
 Note: Why is population rising so fast? 1. Because the 
death rate is decreasing more rapidly than the birth rate. 2. 
The average person lives longer. The human population is 
estimated to be 9.8 to 10 billion people by mid-2050. Yet 
most soybean protein worldwide is fed directly to animals, 
and humans eat those animals. If humans would eat soyfoods 

(such as tofu, tempeh, edamame, etc.) as a high-quality, low 
cost source of protein, instead of meat, that diet would be 
much more sustainable. Address: 1. Dep. of Agronomy, Univ. 
of Nebraska, Lincoln, NE 68583-0915; 2-3. Dep. of Plant 
Agriculture, Univ. of Guelph, Guelph, ON, Canada N1G 
2W1.

2786. Kasasa, P.; Mpepereki, S.; Musiyiwa, K.; Makonese, 
F.; Giller, K.E. 1999. Residual nitrogen benefi ts of 
promiscuous soybeans to maize under fi eld conditions. 
African Crop Science Journal 7(4):375-82. Dec. [15 ref. 
Eng; fre]
• Summary: “Residual N benefi ts of incorporated stover 
of two promiscuous and two specifi c soybean varieties to a 
subsequent, unfertilised maize crop were determined at three 
sites. Soybean stover was either incorporated onto fi eld plots 
previously under four soybean varieties or removed soon 
after harvesting. Maize yield increases were higher when 
promiscuous soybean stover was incorporated compared 
to where specifi c soybean stover was incorporated. Yields 
were higher with stover incorporation compared with stover 
removal. Plots where soybean stover was removed gave 
signifi cantly higher maize grain yield (1-2 tonnes per ha) 
on-farm and 3-5 tonnes per ha on-station compared to the 
control (maize after maize) plots which gave 0.4 tonnes 
per ha on-farm and 2 tonnes per ha on station. Our results 
indicate that soybean has signifi cant residual fertility effects 
for maize and maize-based cropping systems.”
 The four soybean varieties grown in 1997 were Magoye, 
Local, Roan and Nyala. But overall soybean has residual 
soil fertility benefi ts, regardless of the variety. Smallholder 
farmers often remove the soybean stover and feed it to their 
livestock. Address: Dep. of Soil Science and Agricultural 
Engineering, Univ. of Zimbabwe, P.O. Box MP167, Mt. 
Pleasant, Harare, Zimbabwe.

2787. Ando, S.; Yokoyama, T. 1999. Phylogenetic analysis 
of Thai soybean Bradyrhizobium strains with reference to 
USDA strains. Canadian J. of Microbiology 45:639-45. *

2788. Asante, S.K. 1999. Response of soybean (Glycine 
max) to application of organic and inorganic fertilizers. BSc. 
dissertation. University for Development Studies, Tamale, 
Ghana. 49 p. *
• Summary: In northern Ghana, attempts have been made by 
researchers to improve the characteristic growth and yield of 
soybean. For instance, chemical fertilizers have been applied 
with the aim of increasing crop establishment and yield of 
soybean.

2789. Yokoyama, T.; Ando, S.; Tsuchiya, K. 1999. 
Serological property and intrinsic antibiotic resistance of 
soybean bradyrhizobia isolated from Thailand. Soil Science 
and Plant Nutrition 45:505-15. *
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2790. McEwen, Freeman; Morrison, Douglas; Rennie, Clare; 
Tanner, Jack. 1999. 125 years of achievements: OAC–A 
proud tradition, an exciting future, 1874-1999. Guelph, 
Ontario, Canada: University of Guelph. 132 p. Illust. 22 x 28 
cm.
• Summary: Contents: 1. New beginnings. 2. Administration 
and co-ordination. 3. Teaching. 4. Research. 5. Extension and 
service. Within these are 125 achievements, each covered 
on one page; the page number is the same as the number of 
the achievement. Thus, achievement no. 56 appears on p. 56. 
The soybean is the subject of or mentioned in fi ve of these 
achievements, all within Chapter 4, “Research” (p. 56-109) 
as follows:
 OAC 211 soybean (p. 56): This is the fi rst achievement 
described under “Research.” A photo shows Charles Zavitz 
(seated at his desk), the pioneer in bringing soybeans to 
Canada. Zavitz graduated in OAC’s the fi rst degree class 
in 1888 and was hired by the College as an assistant 
experimentalist in charge of fi eld plots. In 1893, the same 
year he was put in charge of all fi eld research at OAC, Zavitz 
obtained fi ve soybean varieties from Dr. C. Georgeson 
of Kansas State Univ. In 1898, after fi ve years of trial, he 
reported that Early Yellow was the highest yielder. Over 
the next few years Zavitz introduced approximately 100 
new soybean lines from Asia, and in 1901, through the 
Experimental Union, soybean seed was sent to farmers for 
evaluation. Like most plant introductions, these soybean 
lines were not pure lines, but contained some “off types,” so 
Zavitz made pure-line selections from some of these lines. 
Initially Zavitz selected OAC 111 from Early Yellow. Then 
in 1918, he made 34 selections from 10,000 plants of the 
introduction, Harbaro [sic, Habaro] No. 10405. The progeny 
of 22 of these lines were tested under uniform conditions. 
The line that produced the highest yields was placed in 
regular variety trials in 1921; it beat all other varieties in 
grain yield and was second in fodder production. Designated 
OAC 211, it became the fi rst soybean variety registered in 
Canada–on 26 Aug. 1925. During the years when Zavitz 
was evaluating soybean varieties, he was also researching 
soybean management techniques. The fi rst commercial 
production of soybeans in Ontario took place in 1925 in 
Essex and Kent counties. By 1932 production in the province 
was almost 8,000 acres; by 1940 it was 10,000 to 11,000 
acres, and by 1997 it had skyrocketed to 2.3 million acres, 
“the largest of any crop in Ontario. Zavitz would have been 
proud!”
 Early OAC forage varieties (p. 57). About the work of 
Prof. O.M. McConkey, with a portrait photo. He joined the 
Field Husbandry Dept. in 1923.
 Soybean expansion in Ontario (p. 65): Three men were 
pioneers in trying to expand soybean production in Ontario. 
Prof. George Jones, who joined the department in 1952, 
believed soybean production could be greatly expanded from 

the 200,000 acres then being grown. Prof. Jack Tanner joined 
the department in 1963, and Prof. David Hume arrived in 
1966. But many problems stymied their efforts. Two events 
changed the environment for soybean expansion. First, as 
the corn crop expanded, it paved the way for soybeans (see 
p. 69). “Second, Dr. Harvey Voldeng, soybean breeder at the 
Central Experimental Farm in Ottawa, released the varieties 
Maple Arrow and Maple Glen.” “These new varieties 
provided the fi nal piece of the ‘production package’ which 
included varieties with a good yield potential, improved 
techniques for inoculating seed and improved herbicides for 
selective control of weeds. Confi dent that the production 
package was complete, Prof. Hume and his cohorts moved 
aggressively to promote it directly to farmers through farm 
meetings, fi eld demonstrations, and FactSheets and indirectly 
through extension personnel and industry specialists. In 
1997, approximately 2.3 million acres of soybeans were 
planted between Windsor and the Ottawa Valley and more 
land was planted in soybeans than in any other cash crop.” 
A photo shows Prof. Hume discussing soybean varieties and 
management practices at a growers’ meeting.
 Zoning for crop variety recommendations (p. 72): 
Discusses the Crop Heat Unit System and shows two maps 
where climate zones are delineated by heat units. This heat 
unit system, used for hybrid corn recommendations since 
1964, was now applied to soybean varieties.
 Improved soybean varieties (p. 73): From 1980 to 1997 
Ontario’s soybean acreage increased fourfold. Improved 
varieties were developed by the OAC Department of Crop 
Science. Most important, they were higher yielding, but also 
more resistant to lodging, to Phytophthora root rot and to 
other diseases. Prior to 1983, only 3 soybean varieties had 
been released from OAC. Since then 44 have been registered. 
This highly effective soybean breeding program was started 
by Prof. Wally Beversdorf, then successively led by Profs. 
Jack Tanner and Bruce Luzzi. The best variety to date has 
been OAC Bayfi eld, which out-yielded existing varieties by 
15%. In 1998 it was grown on 400,000 acres in Ontario–the 
biggest soybean acreage for a soybean variety in Ontario. 
Other important varieties have been OAC Eric and OAC 
Millennium. In 1997 the soybean crop in Ontario was worth 
$800 million. A photo shows Wally Beversdorf inspecting 
soybean plants.
 Accommodating to Canada’s cold climate (p. 83): In the 
late 1960s, Prof. J.W. Tanner began to study cold tolerance 
in soybeans. Prof. D.J. Hume researched the physiological 
basis for cold tolerance exhibited by some of the soybean 
varieties–developed by Dr. Harvey Voldeng of Agriculture 
Canada, Ottawa–which had the Swedish variety Fiskeby V 
as a parent. The gene for chilling tolerance had come from a 
soybean variety from Hokkaido, Japan, in the 1940s.
 An improved soybean rhizobium: 532C (p. 93): Some 
Rhizobium strains are more effective that others in fi xing 
atmospheric nitrogen. In the early 1980s Prof. David Hume, 
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Dep. of Crop Science, began to screen for more effective 
strains of soybean rhizobia. He obtained a number of 
strains from Dr. Joe Burton of the Nitragin Company in 
Milwaukee, Wisconsin, and by 1988 found that one strain, 
532C, supported better yields (7% higher) and higher 
protein contents than other strains tested. It was promoted to 
commercial inoculant companies in North America. By 1990, 
all the soybean inoculants sold in Canada contained 532C. It 
is estimated that 532C occupies about 30% of the soybean-
growing soils in Ontario and most of Quebec. Address: Univ. 
of Guelph, Guelph, Ontario, Canada.

2791. Sato, Takashi; Ohtake, N.; Sueyoshi, K.; Akao, S.; 
Ohyama, T. 1999. Possible involvement of photosynthetic 
supply in changes of nodule characteristics of 
hypernodulating soybeans. Soil Science and Plant Nutrition 
(Tokyo) 45(1):187-96. [19 ref]
• Summary: “The hypernodulating mutant of soybean 
En6500 has a larger number of small nodules than its parent, 
cv. Enrei, and the shoot size is relatively small at the same 
time. It was shown that some characteristics of the nodules 
of En6500 were different from those of the parent nodules 
such as, nodule size distribution, acetylene reduction activity 
(ARA), concentration of leghemoglobin (Lb) components 
and proportion of the infected region in the nodules. In this 
study, we attempted to identify the main factor(s) which 
control(s) the changes in the characteristics of mutant 
nodules, by manipulating the source-sink relationship 
in relation to the photosynthetic supply.” Address: 1-2. 
Graduate School of Science and Technology, Faculty of 
Agriculture, Niigata Univ., Niigata, 950-21 Japan.

2792. Sato, Takashi; Ohtake, N.; Ohyama, T.; Ishioka. N.S.; 
Watanabe, S.; Osa, A.; Sekine, T.; Uchida, H.; Tsuji, A.; 
Matsuhashi, S.; Ito, T. Kume, T. 1999. Analysis of nitrate 
absorption and transport in non-nodulated and nodulated 
soybean plants with 13NO3- and 15NO3-. Radioisotopes 
(Japan) 48(7):450-58. [14 ref. Eng; jap]
• Summary: “Nodulating (T202) and non-nodulating (T201) 
soybean isolines were hydroponically cultivated, then nitrate 
labeled with 13N or 15N, was added to the culture solution 
in order to investigate the nitrate absorption and transport 
in soybean. The accumulation pattern of the absorbed 13N 
in the fi rst trifoliate was observed by positron emitting 
tracer imaging system (PETIS) as well as bioimaging 
analyzer system (BAS). The 15N abundance of each part was 
determined by emission spectrometry.
 “Real time changes in two dimensional image of 
the radioactivity could be monitored by PETIS, besides 
the distribution 13N in whole plant could be observed by 
BAS. However quantitative data were hardly obtained by 
the 13N analysis. Stable isotope 15N is more reliable in the 
quantitative analysis in each part. Combing the data obtained 
by 15N and 13N tracer experiments, the absorption and 

translocation of N in plant should be more clearly fi gured 
out.” Address: Faculty of Agriculture, Niigata University, 
2-8050, Ikarashi, Niigata-shi 950-2181, Japan.

2793. Singh, A. 1999. The effect of nitrogen fi xation and 
soybean residues on maize grown after soybean in the 
Guinea savanna of Nigeria. Ph.D. thesis. Univ. of Ibadan, 
Nigeria. [16 ref]*
• Summary: Singh (1999) estimated N-replacement 
values for a preceding soybean crop on maize of 20 kg N 
per ha when residues were incorporated, 10 kg N per ha 
when surface applied, and 5 kg N per ha when residues 
were exported from the fi eld. In this case, however, the 
incorporated and surface-applied residues were preserved 
during the dry season in bags and applied only during land 
preparation for the subsequent maize crop. This practice is 
not applicable at the fi eld scale and it is therefore likely that 
the residual effects of the incorporated and surface-applied 
residues were overestimated. Address: Univ. of Ibadan, 
Ibadan, Nigeria.

2794. Warnken, Philip F. 1999. The development and growth 
of the soybean industry in Brazil. Ames, Iowa: Iowa State 
University Press. xxiv + 168 p. Index. 24 cm. [161 ref]
• Summary: Contents: List of illustrations and tables. 
Preface. Acknowledgments. Acronyms and abbreviations. 
Weights and measures equivalents. 1. Introduction: 
Background and setting. Soybeans in Brazil’s agriculture and 
economy. 2. Brazil’s soybean boom: A political economy 
perspective: Soybeans and Brazilian political economy goals 
(Saving foreign exchange, increasing foreign exchange 
earnings, improving the national diet, stimulating industrial 
development, holding down food price increases, territorial 
occupation, other factors: wheat and coffee policies, wheat 
policy, coffee eradication policy). Brazilian soybeans and the 
international political economy.
 3. Soybean production in Brazil: Aggregate production 
trends. Regional production trends. Characteristics of 
producing regions (Traditional region, frontier Cerrado 
region {Area and location, terrain and vegetation, climate, 
soils}, Cerrado soybean production and modern technology). 
Production systems and technologies of the Cerrados. 
Future considerations. 4. Soybean agronomic and production 
management research: Public research system, early 
soybean research and the role of technology transfer. Major 
research lines and accomplishments (Genetic improvement: 
Development of the tropical soybean, other genetic 
advancements {poor soil tolerance, disease resistance, 
insect resistance, nutritional quality, seed quality}, soils 
management, pest control, Rhizobium research, other 
technological advances). Conclusions.
 5. Soybean production programs and policies: An 
overview of Brazil’s development policies. Guaranteed 
minimum prices program (Soybeans and the rice minimum 
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price support program, soybean minimum price support 
program), national rural credit system: An overview 
(Marketing loan program (EGF) {Soybean marketing 
loans}, production credit {Soybean production credit}, 
investment credit {Soybeans and investment credit}, 
conclusions: soybeans in the national rural credit system). 
Credit, macroeconomic policy, and infl ation. Soybeans 
and the wheat subsidy program. Soybeans and the coffee 
policy. Input subsidies. Public infrastructure programs 
(Polocentro program, Prodecer programs). Energy pricing 
policies. Taxation policies (Income taxes, land taxes, social 
security taxes, sales and value-added taxes). Conclusions. 
6. Trade, marketing, and commercial policies: Marketing 
channels. International trade (Trade, the Uruguay Round, 
and MERCOSUL). Domestic marketing system (Market 
structure and competition, infrastructure: Transport, 
storage, and handling, infrastructure: Progress and plans). 
Commercial policies. Conclusions: Commercial policies. 
7. Soybean processing and industrial policy: Trends in 
the soybean processing industry (Industry development). 
Processing capacity trends (Industry location shifts, industry 
structure). Industrial policies and the soybean processing 
industry (Taxation policies, industrial credit programs). 
Conclusions. 8. Consumption and utilization of soybean 
products: Trends in use of soybean oil and soybean meal. 
Animal protein consumption. Growth of the broiler industry 
(Poultry exports). Factors infl uencing soybean product 
use. 9. Future directions of Brazil’s soybean industry: Past 
projections. Future domestic demand (Soybean oil demand, 
soybean meal demand). Policies infl uencing soybean 
industry growth (Technology, infrastructure, food and social 
policies, macroeconomic, market, and trade policies). 10. 
Summary and conclusions: Brazilian soybean boom: A 
political economy perspective. Production trends. Trade. 
Domestic marketing. Processing. Soybean product use. 
Policies (Research and technology policies, agricultural 
and industrial policies, commercial and trade policies, 
industrial processing policies). Future directions. Selected 
Bibliography. Address: Prof. of Agricultural Economics, 
Univ. of Missouri, Columbia, MO.

2795. Miles, Carol. 2000. Soybean growing tips. Organic 
Gardening 47(1):12. Jan/Feb.
• Summary: Plant seeds 2-4 inches apart and covered lightly 
with ¼ inch of soil. Water before planting, then wait a day 
or two, cultivate, and plant. Do not water again until the 
seedlings are up–since some have trouble emerging through 
a crust. For best results, inoculate [seeds] with a soybean 
inoculant [before planting]. Harvest by cutting entire 
plants when the pods are full but still green, and most of 
the beans are almost touching one another inside the pods. 
Three top varieties are Butterbeans from Johnny’s Selected 
Seeds (207-437-4301; www.johnnyseeds.com), White Lion 
from Osborne International Seed Co. (360-424-7333), and 

Sayamusume from Territorial Seed Co (541-942-9547; www.
territorial-seed.com).
 Pull the pods from cut plants, steam for about 5 minutes, 
and enjoy. To freeze, blanch the pods in boiling water for 45 
seconds, then freeze the beans in or out of the pods.
 Color photos show: Hairy pods on a soybean plant. 
Edamame varieties on a wooden table. Address: Ph.D., 
Washington State Univ.

2796. Sanginga, N.; Thottappilly, G.; Dashiell, K. 2000. 
Effectiveness of rhizobia nodulating recent promiscuous 
soybean selections in the moist savanna of Nigeria. Soil 
Biology & Biochemistry 32(1):127-133. Jan. [16 ref]
• Summary: “`US-type’ soyabeans when grown in Nigeria 
were poorly nodulated by indigenous bradyrhizobia and 
responded to inoculation with Bradyrhizobium japonicum. 
`Asian type’ soyabean were well nodulated by local 
bradyrhizobial strains and did not respond to inoculation 
with B. japonicum.”
 “The ability of soybean to nodulate with a wide range 
of indigenous bradyrhizobia has been used in a breeding 
programme since 1997 in Nigeria. As far as is known, 
these indigenous bradyrhizobia strains have not been tested 
for compatibility and effectiveness with recent selections 
from a breeding programme which has proceeded without 
input from soil microbiologists for the last 20 yr.” Address: 
International Institute for Tropical Agriculture (IITA), Oyo 
Road, PMB 5320, Ibadan, Nigeria.

2797. Herridge, David; Rose, Ian. 2000. Breeding for 
enhanced nitrogen fi xation in crop legumes. Field Crops 
Research 65(2/3):229-248. March. [115 ref]
• Summary: “Legume dinitrogen (N2) fi xation is a variable, 
but nonetheless valuable process in world agriculture, 
contributing almost 20% of the nitrogen (N) needed for 
world grain and oilseed production. For all crop legumes, 
there is great potential to increase the percentage of legume 
N derived from N2 fi xation as well to enhance the total 
N2 fi xed through improved management and genetic 
modifi cation of the plant. Strategies and operational 
frameworks for conducting selection and breeding programs 
to enhance N2 fi xation, and methods for measuring N2 
fi xation that have been used in such programs, are reviewed.” 
Address: 1. New South Wales Agriculture, Tamworth Centre 
for Crop Improvement, RMB 944, Tamworth, NSW 2340, 
Australia.

2798. Hungria, Mariangela; Vargas, Milton A.T. 2000. 
Environmental factors affecting N2 fi xation in grain legumes 
in the tropics, with an emphasis on Brazil. Field Crops 
Research (Amsterdam) 65(2-3):151-64. March. [135 ref]
• Summary: Biological nitrogen (N2) fi xation is key to 
sustainable agricultural systems in tropical soils, which 
are frequently defi cient in N. However, high temperature, 
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drought and soil acidity constrain legume root-nodule 
formation and function in the tropics. In most cases, the 
microsymbiont is the more affected partner, with plants 
growing on mineral N usually less sensitive to these stresses. 
High temperature and moisture defi ciency are major causes 
of nodulation failure, affecting all stages of the symbiosis 
and limiting rhizobial growth and survival in soil. They may 
also contribute to undesirable changes in rhizobia, including 
plasmid deletions, genomic rearrangements and reduced 
diversity.
 “Acidity affects several steps in the development of 
the symbiosis, including the exchange of molecular signals 
between the legume and the microsymbiont. Liming is 
effective in overcoming soil acidity and aluminium toxicity, 
but in Brazil few soils are limed to near neutral pH. Selection 
of rhizobial inoculant strains that are genetically stable under 
the often harsh soil conditions of this region is essential, but 
that task is impaired by a lack of knowledge of tolerance 
in the microsymbiont. However, good results have been 
obtained by selecting naturally occurring rhizobia from acid 
tropical soils affected by water stress and high temperatures. 
In Brazil, increases in grain yields of common bean and 
soybean have resulted from inoculation with such stress-
tolerant strains. Appropriate soil management practices, 
e.g. no-till, are other approaches that may decrease soil 
temperatures and preserve moisture, thereby increasing N2 
fi xation.”
 Note: Soy is mentioned 40 times in this document, 
usually in the form “soybean.” Address: 1. Embrapa Soja, 
Cx. Postal 231, 86001-970, Londrina, PR, Brazil.

2799. Miles, Carol A.; Lumpkin, Thomas A.; Zenz, Leslie. 
2000. Edamame. Farming West of the Cascades PNW0525. 
8 p. March. [16 ref]
• Summary: This is a Pacifi c Northwest Extension 
Publication (Washington, Oregon, Idaho). Contents: 
Introduction. About edamame (called edamame in Japanese 
and maodou in Chinese). Variety selection: Maturation date, 
pod characteristics, cost. Soil pH. Fertilizer application 
and seed inoculation: Phosphorus and potassium, nitrogen. 
Planting: Seedbed preparation, timing, soil moisture, seeding 
rate and planting depth. Irrigation. Weed control. Pest 
control. Harvesting: Timing, method (most growers harvest 
by hand, but some use a green bean harvester with some 
mechanical adjustments), yield. Marketing: By the bunch, 
by the bean. Seed sources: Johnny’s Selected Seed, (Albion, 
Maine). Lockhart Seed (Stockton, California). Nichols 
Garden Nursery (Albany, Oregon). Osborn International 
Seed Co. (Mount Vernon, Washington). Territorial Seed 
Company (Cottage Grove, Oregon). Sakata Seed America, 
Inc. (Morgan Hill, California). American Takii, Inc. 
(Salinas, California). Pachamama Organic Farm (Longmont, 
Colorado). About the authors. Three tables. A photo shows 
edamame pods growing on soybeans in a fi eld. Address: 1. 

Agricultural Systems Extension Specialist, Washington State 
Univ. Cooperative Extension; 2. Chair, Dep. of Soil and Crop 
Sciences, Washington State Univ.; 3. Sustainable Agriculture 
Coordinator, WSDA [Washington State Dep. of Agriculture] 
Organic Food Program.

2800. Mpepereki, S.; Javaheri, F.; Davis, P.; Giller, K.E. 
2000. Soyabeans and sustainable agriculture: ‘promiscuous’ 
soyabeans in southern Africa. Field Crops Research 
(Amsterdam) 65(2-3):137-49. March. [55 ref]
• Summary: This is a very important review article. Soybean 
grain yields in most of sub-Saharan Africa (SSA) remain 
relatively low compared to those achieved in South America 
and USA.
 Soybean has a relatively brief history of introduction and 
commercial cultivation in Sub-Saharan African countries.
 Contents: Abstract. Introduction. Specifi city and 
promiscuity in the legume / rhizobial symbiosis. 3. The 
history of promiscuous soyabeans in Africa: Early reports of 
promiscuity in soyabeans from southern Africa, Selection of 
promiscuously nodulating soyabeans in Zambia, The genetic 
basis of promiscuous nodulation: comparisons with the IITA 
approach. Issues of rhizobial ecology and classifi cation of 
soyabean nodulating rhizobia. Development and potential 
of promiscuous soyabeans in southern Africa: Zimbabwe, 
Malawi, Zambia, Advantages of the promiscuous soyabean 
varieties (the NifTAL Centre). Ensuring effective nodulation 
and N2 fi xation in soyabean: appropriate technologies. 
Acknowledgements.
 Page 138: It is unclear when soyabeans were fi rst 
introduced to African. In 1907 in Tanzania there are reports 
of soybean cultivation (Chowdhury and Doto, 1982), and in 
1908 in Malawi (Davis, 1979), “but it is likely that the crop 
was fi rst introduced much earlier by traders”
 Note: No source is given for this last very interesting 
and provocative statement. Address: 1&4. Dep. of Soil 
Science and Agricultural Engineering, Univ. of Zimbabwe, 
MP167, Harare, Zimbabwe; 2. FAO Grain Legume Project, 
Lusaka, Zambia; 3. Capel Isaac, Llandeilo, Wales, UK.

2801. Hungria, M.; Bohrer, T.R.J. 2000. Variability of 
nodulation and dinitrogen fi xation capacity among soybean 
cultivars. Biology and Fertility of Soils 31(1):45-52. April. 
[35 ref]
• Summary: In Brazil today, the soybean occupies almost 
13 million ha and produces more than 30 million metric 
tons of grain. “Due to the high protein content of the seeds, 
the crop requires high levels of N, which can be supplied 
by symbiosis with the N2-fi xing bacteria Bradyrhizobium 
japonicum and Bradyrhizobium elkanii.
 “Biological N2 fi xation is a complex process, and a 
successful symbiosis depends on the genetic background 
of both symbiotic partners and is strongly affected by 
environmental factors. Brazilian soils were originally free 
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of soybean bradyrhizobia. The fi rst strains were brought 
from the USA, and large-scale production of inocula started 
after the mid-1960s at the time of crop expansion.” Address: 
Embrapa-Soja, Cx. Postal 231, 86001-970, Londrina, PR, 
Brazil.

2802. Thompson, James. 2000. Budget cuts could hurt 
Brazilian ag. Soybean Digest. April. p. 24.
• Summary: Since its founding in 1973, Embrapa (the 
federal ag research organization) has played a major role in 
the success of agriculture in Brazil. With 37 research centers 
around Brazil, it deserves much of the credit for turning 
the country’s vast savannah area into soybean farms be 
developing varieties adapted to the area’s tropical climate 
and highly acidic soils.
 Embrapa is now starting to focus on biotech, but that 
will depend on whether or not the planting of transgenic 
[genetically engineered] crops are legalized in Brazil. 
Embrapa’s research on increasing nodulation of fi rst-time 
soybeans after wheat, on Brazil’s dry savannahs, is being 
widely praised.
 But Embrapa is feeling the pinch of Brazil’s fi scal 
austerity plan, designed to help the country recover from a 
devaluation of its currency (the real). in Jan. 1999. Its plans 
to develop transgenic soybean varieties for tropical climates 
are being slowed by a budget reduced from $200 million to 
only $112 million. Weeds are becoming a greater problem 
in southern Brazil where soybeans have been planted the 
longest. And cyst nematodes are spreading north and west.

2803. Parsons, Leland. 2000. Where did Adrian Parsons live 
and grow soybeans in Indiana (Interview). SoyaScan Notes. 
May 11. [1 ref]
• Summary: As a boy in Hendricks County, Indiana, Adrian 
Parsons grew up mostly in Washington Township and 
Guilford Township; Plainfi eld is in Guilford Township. In 
1884, after fi ghting in the Civil War and returning home, 
while serving as Hendricks County Recorder, he bought at 
farm in Washington Township, near the Guilford Township 
boundary. His term as County Recorder ended in 1886 and 
that year he established permanent residence on this farm. 
It was here that he fi rst grew soybeans, probably in 1888, 
certainly at some time between 1886 and 1891. That farm is 
still in the family; Adrian’s granddaughter, Virginia Vapor, 
still lives there. She is the only living person who remembers 
Adrian Parsons; she was age 9 when he died on 1 Aug. 1929. 
She remembers people coming to Adrian’s farm to buy dirt 
from around his soybeans to inoculate their own soybeans. 
She thought those people must be crazy to buy dirt. Ledger 
records from 1913 and 1914 show that Adrian was still 
selling soybean dirt at this late date.
 Some time between 1902 and 1907 Adrian bought a 
second farm in Liberty Township, near Clayton, Hendricks 
Co., Indiana. This 2nd farm was only about 5 miles from his 

main farm. He moved to his 2nd farm and resided there for 
at least fi ve years. Several of his grown sons maintained his 
main farm near Plainfi eld; the whole farming operation was 
a family affair. He was working there in Liberty Township, 
growing soybeans, when Robert Edmondson, a Liberty 
Township farmer and trustee, came to Adrian’s farm to do 
a tax assessment and commented that Adrian would regret 
bringing ‘that weed’ into the county. Address: 5814 Big Oak 
Dr., Apt. C, Indianapolis, Indiana 46254. Phone: 317-290-
9446.

2804. Reich, Lee. 2000. Edamame, the soybean with 
advantage. New York Times. May 14. p. 9. Sunday.
• Summary: This article extols green vegetable soybeans 
and explains how to grow them in your garden. They need 
warm soil to get started–after the last killing frost. It is very 
important to choose a variety suited to your maturity group, 
one which is adapted to narrow east-west bands across the 
USA. The author (who gardens in the Hudson Valley that 
runs north-south in New York state) has tried and had good 
results with the varieties Envy, Butterbeans, and Shirofumi. 
For best results, before planting, wet the seeds and sprinkle 
with commercially available inoculant powder. Be sure to 
harvest the pods at the proper time; too early they will be 
scrawny and bland, but too late they will be on their way to 
becoming dry soybeans. Reich picks repeatedly for a greater 
yield, but some people (at some sacrifi ce of yield) wait until 
most of the pods are ready for harvest, then cut or pull out 
the plants and strip off the pods in the comfort of a shaded 
chair.
 Sources: (1) Bountiful Gardens, 18001 Shafer Ranch 
Road, Willits, California 95490. Phone: 707-459-6410. Free 
catalog and rare seeds supplement; (2) Fedco Seeds, P.O. 
Box 520, Waterville, Maine 04903. Free catalog.
 Photos by Reich show: (1) Soybean pods growing on the 
vines. (2) Eight pods in a person’s hand. (3) Shelled green 
beans near some emptied pods.

2805. Bernard, Richard L. 2000. Misconceptions about 
growing edamamé (green vegetable soybeans) in a home 
garden (Interview). SoyaScan Notes. May 22. Conducted by 
William Shurtleff of Soyfoods Center.
• Summary: It is not essential or even very important to 
inoculate the seeds before they are planted–especially if 
the soil contains adequate nitrogen. Inoculation with the 
proper nitrogen-fi xing bacteria might improve the yield a 
little, but probably not enough to be signifi cant for the home 
gardener. In the USDA Germplasm Collection are some non-
nodulating types of soybeans. They give good yields in soil 
with adequate nitrogen content.
 Recently Dr. Bernard and the University of Illinois 
developed a number of large-seeded vegetable type soybeans 
named Gardensoy for use as edamamé. The university 
put out a news release and he did some interviews about 
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edamamé. Soon they had more than 1,000 requests for seed–
all of which they fi lled free of charge. Address: National 
Soybean Research Lab., Dep. of Crop Sciences, 1101 W. 
Peabody Drive, Univ. of Illinois, Urbana, IL 61801. Phone: 
217-333-7279.

2806. Crespi, Martin; Galves, S. 2000. Molecular 
mechanisms in root nodule development. J. of Plant Growth 
Regulation 19(2):155-66. June. [94 ref]
• Summary: “Under nitrogen-limiting conditions, bacteria 
from the family Rhizobiaceae establish a symbiosis 
with leguminous plants to form nitrogen-fi xing root 
nodules. These organs require a coordinated control of the 
spatiotemporal expression of plant and bacterial genes during 
morphogenesis.”
 Note: Soy is mentioned 13 times in this document. 
Address: Institut des Sciences Végétales, Centre Nationale 
de la Recherche Scientifi que, F-91198 Gif-sur-Yvette Cédex, 
France.

2807. Vadez, V.; Sinclair, T.R. 2000. Ureide degradation 
pathways in intact soybean leaves. J. of Experimental Botany 
51(349):1459-65. Aug. [18 ref]
• Summary: “Ureides dramatically accumulate in shoots 
of N2-fi xing soybean... under water defi cit and this 
accumulation is higher in cultivars that have N2 fi xation 
that is sensitive to water defi cit. One possible explanation 
is that ureide accumulation is associated with a feedback 
inhibition of nitrogenase activity.” Address: USDA-ARS, 
Agronomy Dep., Agronomy Physiology Lab., IFAS Building 
350, University of Florida, PO Box 110965, Gainesville, FL 
32611-0965.

2808. Sugimoto, Toshio; Masuda, R.; Shiraishi, N.; Oji, Y. 
2000. Effects of soil fertility and nitrogen fi xation on seed 
composition of soybean seeds. In: Kyoko Saio, ed. 2000. 
Proceedings–Third International Soybean Processing and 
Utilization Conference. Tokyo, Japan: Korin Publishing Co., 
Ltd. [xxiv] + 728 + 8 p. See p. 81-82. [6 ref]
• Summary: “Abstract: In order to assess the effects of soil 
nitrogen (N) level and nodulation on contents of storage 
compounds, protein and oil, in soybean seeds, nodulated and 
non-nodulated soybean plants (Ndp and NNdp, respectively) 
were grown on soils having different N level during 
maturation. Contents of protein and oil in mature seeds and 
concentration of nitrogenous (Nus) compounds in xylem 
saps from maturing plants were determined. Seeds from Ndp 
grown on high N soil had the same contents of protein and 
oil of those from NNdp. Seeds from Ndp grown on soil of 
which N level was lowered at fl owering had higher protein 
and lower oil and seeds from NNdp grown on soil of which 
N level was decreasing during maturation had lower protein 
and higher oil than those grown on high N soil. These results 
indicated that high level of soil N and N fi xation decreased 

oil content of seeds in a different manner.” Address: 1, 3-4. 
Faculty of Agriculture, Kobe Univ., Nada, Kobe, Japan; 2. 
National Food Research Inst., Tsukuba, Japan.

2809. Jeavons, John. 2000. Growing edamamé in a home 
garden or mini-farm (Interview). SoyaScan Notes. Nov. 17. 
Conducted by William Shurtleff of Soyfoods Center. [405* 
ref]
• Summary: Over more than twenty years, John has refi ned 
and developed the biointensive method to produce extremely 
high yields of food plants. He has always asked one key 
question: “What is the smallest area on which you can raise 
all of your food in an environmentally sound way?” The 
most recent and best statement of his system is the 1995 
edition of the classic book How to grow more vegetables 
than you ever thought possible on less land than you can 
imagine.
 Over many years of growing soybeans, John has found 
that the bacteria they need are in most soils, even in those 
soils have never grown soybeans before. However, its is 
safest to inoculate the soil with active soybean bacteria when 
planting your fi rst crop. And these nitrogen-fi xing bacteria 
will probably lead to a higher yield of edamamé. Two 
varieties of short-season (75 days) soybeans for edamamé 
(Envy, and Butterbeans) and inoculant are available from 
the following sources: (1) Bountiful Gardens (a project of 
Ecology Action), 18001 Shafer Ranch Rd., Willits, California 
95490. Phone: 707-459-6410. (2) Johnny’s Selected Seeds, 
Foss Hill Rd., Albion, Maine 04910. Phone: 207-437-9294.
 To see if your soybeans have been properly inoculated, 
pull up one plant and check that there are at least ten nodules 
(roundish protuberances) on the roots. Run your fi ngernail 
through one of the larger of these to cut it open and check 
that the inside is pink–indicating active nitrogen-fi xing 
bacteria at work. Address: Ecology Action, 5798 Redwood 
Rd., Willits, California 95490. Phone: 707-459-0150.

2810. Shrihari, P.C.; Sakamoto, K.; Inubushi, K.; Akao, 
S. 2000. Interaction between supernodulating and non-
nodulating mutants of soybean and two mycorrhizal fungi. 
Mycorrhiza 10(3):101-06. Dec. [38 ref]
• Summary: “Abstract: Twelve nodulation mutants (seven 
non-nodulating and fi ve supernodulating) of soybean... 
were screened for arbuscular mycorrhizal colonization 
in the presence of either Glomus etunicatum Becker and 
Gerdemann or Gigaspora margarita Becker and Hall. The 
cultivars showed variation in colonization parameters.” 
Address: 1-3. Faculty of Horticulture, Chiba Univ., Matsudo, 
Chiba, 271-8510, Japan.

2811. Hungria, M.; Vargas, M.A.T.; Araujo, R.S.; Kurihara, 
C.; Maeda, S.; SA, et al. 2000. Brazilian trials to evaluate 
the effects of soybean reinoculation. In: F.O. Pedrosa, M. 
Hungria, M.G. Yates and W.E. Newton, eds. 2000. Nitrogen 
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Fixation: From Molecules to Crop Productivity: Dordrecht, 
The Netherlands: Kluwer Academic Press. xxvi + 669 p. See 
p. 549+. *

2812. Pedrosa, F.O; Hungria, M.; Yates, M.G.; Newton, 
E.E. eds. 2000. Nitrogen fi xation: from molecules to crop 
productivity: proceedings of the 12th International Congress 
on Nitrogen Fixation, Foz do Iguaçu, Paraná, Brazil, 
September 12-27, 1999. Dordrecht, The Netherlands & 
Boston: Kluwer Academic Press. xxvi + 669 p. Illust. 25 
cm. Series: Current Plant Science and Biotechnology in 
Agriculture, Vol. 38. *

2813. Yokoyama, T.; Kobayashi, N.; Kouchi, 
H.; Minamisawa, K.; Kaku, H. 2000. A lipo-
chitooligosaccharide, Nod factor, induces transient calcium 
infl ux in soybean suspension-cultured cells Plant Journal 
(The) 22:71-78. *

2814. Ohtake, Norikuni; Sato, T.; Fujikake, H.; Sueyoshi, K.; 
Ohyama, T.; Ishioka, N.S.; Watanabe, S.; Osa, A.; Sekine, T.; 
Matsuhashi, S.; Ito, T.; Mizuniwa, C.; Kume, T.; Hashimoto, 
S.; Uchida, H.; Tsuji, A. 2001. Rapid N transport to pods 
and seeds in N-defi cient soybean plants. J. of Experimental 
Botany 52(355):277-83. Feb. [13 ref]
• Summary: “Normal soybean plants have root nodules 
which house the microsymbionts Bradyrhizobium or 
Sinorhizobium. Nodulated plants utilize both combined 
nitrogen absorbed by the roots and nitrogen fi xed by the 
bacteroids in the root nodules. In soybean plants, the 
nitrogen fi xed from root nodules is transported mainly as 
ureides (allantoin and allantoic acid) whereas the combined 
N absorbed by the roots, normally nitrate, is transported as 
nitrate or assimilated into amino acids, mainly asparagine.” 
Address: 1-5. Faculty of Agriculture, Univ. of Niigata, 
2-8050 Ikarashi, Niigata-city, Niigata 951-2181, Japan.

2815. Suganuma, Taketo; Fujikake, H.; Ohtake, N.; 
Sueyoshi, K.; Ohyama, T. 2001. Comparison of the growth 
and nitrogen fi xation activity of the hypernodulating 
soybean mutant NOD1-3 and its parent cv. Williams in fi eld 
cultivation. Niigata Daigaku Nogakubu Kenkyu Hokoku 
(Bulletin of the Faculty of Agriculture, Niigata University) 
53(2):123-32. March. [15 ref. Eng; jap]
• Summary: “58% and 65% of N was derived from N2 
fi xation in Williams and NOD1-3 respectively.” Address: 
Faculty of Agriculture, Niigata Univ., Niigata, Japan.

2816. El-Haddad, Mohamed; Mostafa, Magdi I.; Selim, 
Shawky M. 2001. Prospects of biofertilization of soybean 
under Egyptian conditions. In: Robert B. Dadson and Nemat 
A. Noureldin, eds. 2001. Soybeans in Egypt: Research, 
Production, Economics, Nutrition, and Health. Proceedings 
of The International Conference on Soybean Production 

under Newly Reclaimed Lands in Egypt. Bethesda, 
Maryland: University Press of Maryland. xvi + 201 p. See p. 
45-68. Chap. 5. Held 28-29 Nov. 1998 in Egypt. [19 ref]
• Summary: The symbiotic relationship between Rhizobium 
bacteria on root nodules and legumes is considered one 
of the most effective systems of nitrogen fi xation. For 
example, the soybean-bradyrhizobium association can fi x 
57-94 kg/ha of nitrogen. However there is wide variation 
in the amount of nitrogen fi xed by inoculated soybean 
plants. “’Biofertilization’ simply means the use of benefi cial 
microorganisms as a soil or seed inoculant to provide part of 
the nutrient requirements of the host plant.”
 Tables show: (1) Different mechanisms that induce 
effects of biofertilizers on host plants. (2) Estimated 
average rates of biological N2-fi xation for specifi c organism 
associations. Alfalfa: 120-600 kg/ha. Lupines: 150-169 kg/
ha. Clover (Trifolium hybridum L.): 104-160 kg/ha. Plant-
algal associations–Azolla (fl oating aquatic fern) species: 313 
kg/ha. Nodulated nonlegumes–Aldus (alder) species: 40-300 
kg/ha. Soybeans: 57-94 kg/ha. Free-living microorganisms: 
25 kg/ha.
 (3) Response of some leguminous hosts to Rhizobium 
inoculation. (4) Nitrogenase activities in the rhizosphere 
of soybean plants as affected by B. japonicum inoculation, 
phosphate supplementation and residual effect of added 
organic matter. (5) Seed and straw yields of soybean 
plants as affected by B. japonicum inoculation, phosphate 
supplementation and residual effect of added organic matter. 
(6) Nitrogen balance and fi nal N-gain by soybean plants 
grown on alluvial soil as infl uenced by inoculation with 
B. japonicum and N-fertilization. (7) The percentage of 
N2-fi xed by inoculated soybean plants, grown on alluvial 
soils. (8) Effect of inoculation with R. japonicum inoculum 
on mean weights (g) of 100 seeds of soybean. (9) Effect of 
inoculation with B. japonicum inoculum on total protein of 
soybean seeds (yield 10 plants) in a lysimeter experiment. 
(10) Effect of inoculation with B. japonicum inoculum on 
total oil of soybean seed yield (10 plants) in a lysimeter 
experiment. (11) Effect of inoculation with single or 
mixed strains inocula of soybean and cowpea rhizobia on 
nodulation, growth and N2-fi xation in fi eld grown soybean 
plants. (12) Yield parameters of fi eld grown soybean as 
affected by inoculation with cowpea and soybean rhizobia. 
(13) Serological typing of soybean nodules produced by 
inoculation with single or mixed strains of B. japonicum 
using agglutination technique. (14) Percentage of nodule 
occupancy of each serogroup in single, double, triple, and 
quadruple inocula treatments. (15) Persistence of four strains 
of B. japonicum for the second consecutive year. (16) Effect 
of inoculation with B. japonicum and/or A. mycorrhizas on 
soybean growth, nodules number, percentages infection and 
spore number. (17) Effect of inoculation with B. japonicum 
and/or A. mycorrhizas on the uptake of some nutrients by 
soybean plants.
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 Figures show: (1) Biological system responsible for N2-
fi xation and available phosphate and potassium. (2) Effects 
of B. japonicum phosphates and residual organic matter 
on soybean nodulation. Address: Biofertilizers Unit, Dep. 
of Microbiology, Ain Shams Univ., P.O. Box 68, Hadayek 
Shobra, Cairo 11241, Egypt.

2817. Fawzy, Hashem M.; Dadson, Robert B.; Kuykendall, 
L. David. 2001. Controlling ineffective Bradyrhizobium 
japonicum with phages to enhance biological nitrogen 
fi xation in soybean. In: Robert B. Dadson and Nemat 
A. Noureldin, eds. 2001. Soybeans in Egypt: Research, 
Production, Economics, Nutrition, and Health. Proceedings 
of The International Conference on Soybean Production 
under Newly Reclaimed Lands in Egypt. Bethesda, 
Maryland: University Press of Maryland. xvi + 201 p. See p. 
33-43. Chap. 4. Held 28-29 Nov. 1998 in Egypt. [59 ref]
• Summary: Rhizobium and Bradyrhizobium are two 
different genera of soil bacteria that form nitrogen fi xing 
symbiosis with legume plants, such as alfalfa and soybean. 
Tables show: (1) A phage-induced shift in nodule occupancy. 
(2) Strain specifi city of Rhizobium fredii to phages. Address: 
1. Dep. of Agriculture, Univ. of Maryland Eastern Shore, 
Princess Anne, MD 21853, USA, and USDA-ARS, Beltsville 
Agricultural Research Center, Beltsville, MD, USA.

2818. Hungria, M.; Campo, R.J.; Chueire, L.M.O.; Grange, 
L.; Megías, M. 2001. Symbiotic effectiveness of fast-
growing rhizobial strains isolated from soybean nodules in 
Brazil. Biology and Fertility of Soils 33(3):387-94. May. [36 
ref]
• Summary: “Introduction: The main effective N2-fi xing 
symbioses with soybean... are established with rhizobial 
strains of Bradyrhizobium japonicum and B. elkanii species, 
which are characterized by a slow growth rate and alkaline 
reaction in media containing mannitol as a C [carbon] 
source (Jordan 1982; Kuykendall et al. 1992). However, 
the legume can also associate with fast-growing strains that 
were fi rst isolated from soybean nodules and soil from the 
People’s Republic of China, within the centre of origin and 
diversity of this legume (Keyser et al. 1982), and later from 
other primary and secondary centres of origin of soybean 
(Xu and Ge 1984; Dowdle and Bohlool 1985; Young et al. 
1988; Rodriguez-Navarro et al. 1996). These fast growers 
were classifi ed as the new species Rhizobium fredii (Scholla 
and Elkan 1984), and later reclassifi ed as Sinorhizobium 
fredii and S. xinjiangensis (Chen et al. 1988).” Address: 1-3. 
Embrapa-Soja, Cx. Postal 231, 86001-970, Londrina, PR, 
Brazil.

2819. Territorial Seed Company. 2001. Spring catalog. 
Cottage Grove, Oregon. 143 p. Illust. Index. 26 cm.
• Summary: In the section on “Beans” is a subsection 
titled “Edamame soybeans” which offers two varieties 

(Sayamusume, and Misono Green), plus soybean inoculant.
 Note: This is the earliest English-language document 
seen (July 2009) that contains the term “edamame soybeans,” 
in which the word “edamame” seems to take the place of 
term “vegetable-type.” In other words, these are soybeans 
specifi cally bred to be used as edamame. Address: P.O. Box 
158, Cottage Grove, Oregon 97424-0061. Phone: (541) 942-
9547.

2820. Hungria, Mariangela; Chueire, L.M. de O.; Coca, 
R.G.; Megías, M. 2001. Preliminary characterization of fast 
growing rhizobial strains isolated from soyabean nodules in 
Brazil. Soil Biology and Biochemistry 33(10):1349-61. Aug. 
[38 ref]
• Summary: “Therefore, although soyabean is an exotic 
plant in Brazil, several indigenous rhizobial strains may also 
establish an effective symbiosis with this legume.” Address: 
1-2. Embrapa-Soja, Cx. Postal 231, 86001-970, Londrina, 
PR, Brazil.

2821. Lian, T.C.; Huang, S.N. 2001. Strategies on cultural 
improvement for yield and quality of vegetable soybean 
in Chia-Nan area. In: T. Lumpkin, ed. 2001. Second 
International Vegetable Soybean Conference. Pullman, 
Washington: Washington State University. 202 p. See p. 57-
61.
• Summary: Contents: Introduction: Cropping system, bed 
height in different seasons, N-fertilizer use and rhizobium 
inoculation, variety and fertilizer requirement, variety and 
plant population density. Conclusions. Acknowledgement. 
Address: 1. Researcher, tjlien@mail.tndais.gov.tw 2. Director 
General, snhuang@mail.tndais.gov.tw Both: Tainan District 
Agriculture Improvement Station, 350 Lin-Sen Road, Sec. 1, 
Tainan 701, Taiwan, ROC.

2822. National Research Centre for Soybean, Indore. 2001. 
Classifi ed ad: Senior Scientist (Microbiologist) (PS) (One 
post). Times of India (The) (Bombay). Sept. 8. p. 8.
• Summary: “Qualifi cations essential: (i) Doctoral degree 
in Microbiology (PS). (ii) & (iii) As in item No. 247 (ii) & 
220 (iii) above. (iv) Specialization and experience in Soil 
Microbiology in legume crops.” Address: Khandwa Road, 
Indore–452 001, Madhya Pradesh.

2823. Pengue, Walter. 2001. The impact of soybean 
expansion in Argentina. Seedling (Quarterly Newsletter of 
Genetic Resources Action International, Barcelona, Spain) 
18(3):18-21. Spring. [1 ref]
• Summary: A summary of the socio-economic and 
environmental implications of the very rapid growth of 
transgenic soybean production in Argentina. Contents: 
Summary. Introduction. New technologies (direct seeding 
and herbicide-resistant genetically modifi ed crops). A shock 
to the system. Goodbye to the rural economy. The need for 
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government support. Problems ahead for Roundup Ready 
soybeans.
 During the last 25 years, soybean production on the 
Argentine Pampas has increased from 38,000 acres in 1970 
to 10 million acres today. About 70% of these soybeans 
are crushed in local plants, then the products are exported, 
providing 81% of the world’s exported soybean oil and 36% 
of the soybean meal.
 Both of the new technologies which have fuelled the 
soybean’s exponential growth in Brazil depend on the use 
of herbicides, such as glyphosate (the active ingredient in 
Monsanto’s Roundup)–which explains the rise in sales of this 
herbicide from 1.3 million liters in 1991 to 59.2 million liters 
in 1998.
 Direct seeding has reduced serious soil erosion and 
the subsequent loss of soil fertility, put it has caused new 
problems, including the emergence of new diseases and 
pests, a signifi cant reduction of levels of nitrogen and 
phosphates in the soil, and now herbicide-resistant weeds.
 The intensifi cation of agriculture has led to the rise 
of large farms and the disappearance of many small 
and medium-sized businesses, together with a rise in 
unemployment.
 A sidebar states that, contrary to seed industry claims, 
Roundup Ready (RR) soybeans clearly require more, not 
less, herbicide that conventional soybeans–about 0.5 lb (0.23 
kg) more active herbicide ingredient per acre planted in 
2001.
 Evidence also shows that RR soybeans produce 5-10% 
less yield per acre compared with identical conventional 
varieties grown under similar soil conditions. This is 
probably because the root nodule bacteria responsible for 
nitrogen fi xation are very sensitive to Roundup and to 
drought. Address: Agricultural engineer, Univ. of Buenos 
Aires, Argentina.

2824. Sato, Takashi; Onoma, N.; Fujikake, H.; Ohtake, 
N.; Sueyoshi, K.; Ohyama, T. 2001. Changes in four 
leghemoglobin components in nodules of hypernodulating 
soybean (Glycine max [L] Merr.) mutant and its parent 
in the early nodule developmental stage. Plant and Soil 
237(1):129-35. Nov. [25 ref]
• Summary: “Abstract: Soybean nodules contain four major 
leghemoglobin (Lb) components, Lba, Lbc1, Lbc2 and Lbc3. 
A sensitive and selective method for quantitative analysis 
of the four Lb components was devised with capillary 
isoelectric focusing (CIEF).” Address: 1. Graduate School 
of Science and Technology, Niigata Univ., 2-8050 Ikarashi, 
Niigata, 950-2181, Japan.

2825. Li, Y.; et al. 2001. Supply of O2 regulates demand 
for O2 and uptake of malate by N2-fi xing bacterioids from 
soybean nodules. Microbiology 147:663-67 *

2826. Finan, Turlough M.; O’Brian, Mark R.; Layzell, 
David B.; Vessey, J. Kevin; Newton, William. eds. 2001. 
Nitrogen Fixation: Global Perspectives. Proceedings of the 
13th International Congress on Nitrogen Fixation Hamilton, 
Ontario, Canada 2-7 July 2001. Wallingford, Oxon, England: 
CABI Publishing. xx + 553 p. Illust. Index. 26 cm.
• Summary: The fi rst major event is the “Johanna Döbereiner 
Memorial Lecture,” by J.I. Baldani, V.L.D. Baldani, and 
V.M. Rein (of Embrapa Agrobiologia, BR 465, Km47, 
23851-970 Seropedica, Rio de Janeiro, Brazil). A portrait 
photo shows Johanna. The paper begins: Johanna Döbereiner 
was born in the former Czechoslovakia in 1924, immigrated 
to Brazil in 1950 and became a Brazilian citizen by option 
in 1956. She was an extremely enthusiastic person in the 
fi eld of Biological Nitrogen Fixation (BNF) which began, 
almost incidentally, when she was employed by the Research 
Department of the Brazilian Ministry of Agriculture 
(nowadays Embrapa) to work in the soil microbiology area. 
Her fi rst publication was in 1951 and referred to the effect of 
cover vegetables on soil microbe populations. Together with 
her colleagues she identifi ed in 1958 the fi rst rhizosphere 
nitrogen-fi xing bacterium, named Beijerinckia fl uminensis, 
associated with sugarcane plants grown in Rio de Janeiro 
State. The persistent green color of the grass plants grown on 
the campus around Embrapa stimulated the young scientist 
to discover another rhizosphere nitrogen-fi xing bacterium. 
This bacterium was named Azotobacter paspali (1966) since 
its occurrence was predominantly found on the rhizoplane of 
Paspalum notatum cv. batatais. Other groups later confi rmed 
this unique association and the amount of fi xed nitrogen 
(around 30 kg N per ha per year) was quantifi ed using 
sophisticated techniques such as the 15N isotopic dilution 
method.
 “Despite her important work with grasses, her greatest 
contribution occurred in the legume fi eld, when together 
with other Brazilian scientists between the years 1960 and 
1970, she convinced the organizers of the Brazilian Soybean 
breeding program to select soybean varieties dependent 
only on the BNF process. This approach allowed Brazil to 
become the World’s second largest soybean producer and 
has saved more than a billion dollars annually in nitrogen 
fertilizer. It has enabled Brazil to compete successfully in the 
international market through the production and export of 
soybean where BNF, biological control and zero tillage are 
low cost techniques commonly applied.”
 In the index under Glycine max soybeans are mentioned 
as follows:
 118-122, 149, 254, 256, 311, 437, 454, 519, 522
 BNF and 3, 340, 341-344, 346-350, 352, 352, 358
 enzymes 314, 315-316, 440
 ferritin 185, 186
 genes 95, 285, 395, 402
 genistein 328, 420
 genomics 95-96, 100
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 hydrogen 321, 322
 inoculants 493, 496
 LCOs 328-329
 lumichrome 321-322
 Maple Glenn cv. 435
 nickel defi ciency 201-203
 nitrate 451, 452
 promiscuous 346-350, 358
 purine synthesis 246
 ROS 197, 198
 symbiosis 213, 309, 327-328, 420, 489

2827. Giller, Ken E. 2001. Nitrogen fi xation in tropical 
cropping systems. 2nd ed. Wallingford, United Kingdom: 
CABI Publishing, a division of CAB International. xviii + 
423 p. 1st ed. 1991. 3rd ed. 2011. Illust. [1705 ref]
• Summary:  See next page. A superb book, which clearly 
explains the complexities of biological nitrogen fi xation.
 Contents: Preface to Second Edition. Preface to First 
Edition. Acknowledgements. Abbreviations
 Part I: Introduction. 1. Tropical Environments: Climates, 
Soils and Cropping Systems. 2. N2-fi xing Organisms in the 
Tropics. 3. The Process of N2-fi xation. 4. Assessment of 
the Role of N2-fi xation. 5. Cycling of Fixed N in Tropical 
Cropping Systems.
 Part II: Tropical Crops and Cropping Systems. 6. 
Cereal Crops and Grasses: Free-living, Root-associated 
and Endophytic N2-fi xing Bacteria. 7. Cyanobacteria and 
Azolla as Green Manure for Wetland Rice. 8. Grain Legumes 
for Food, Fodder and Soil Fertility. 9. Legumes as Green 
Manures and Cover Crops. 10. Forage Legumes in Pastures 
and Leys. 11. Plantation Crops: Understorey Legumes and 
Shade Trees. 12. Agroforestry: N2-fi xing Trees in Integrated 
Agriculture.
 Part III: Optimizing N2-fi xation. 13. Environmental 
Constraints to N2-fi xation. 14. Approaches to Enhancing N2-
fi xation: Inoculation with Rhizobia, Selection of Rhizobium 
Strains, Improvement of Legumes for N2-fi xation (Breeding 
legumes for increased N2-fi xation), Finding New Niches 
for Legumes in Tropical Cropping Systems (Multi-purpose 
food legumes, Multi-purpose fodder legumes, Multi-purpose 
legumes for soil fertility replenishment), Conclusions. 15. 
Future Impacts of N2-fi xation in Tropical Agriculture. 
Appendix: List of Common Names.
 Soybeans comprise only a small, but important, part of 
this book. They are listed in the index under Glycine max.
 Maize yield gains are largely due to increased soil N 
availability following soybean cultivation. Address: Dep. 
of Soil Science and Agricultural Engineering, Univ. of 
Zimbabwe, Harare, Zimbabwe; and Dep. of Plant Sciences, 
Plant Production Systems, Wageningen Univ., Wageningen, 
The Netherlands.

2828. Ohtake, Norikuni; Kawachi, T.; Sato, A.; Okuyama, 

I.; Fujikake, H.; Sueyoshi, K.; Ohyama, T. 2001. Temporary 
application of nitrate to nitrogen-defi cient soybean plants 
at the mid- to late-stages of seed development increased 
the accumulation of the beta-subunit of beta-conglycinin, a 
major seed storage protein. Soil Science and Plant Nutrition 
(Tokyo) 47(1):195-203. [38 ref]
• Summary: “The accumulation of the beta-subunit of beta-
conglycinin, a major soybean storage protein, in seeds is 
controlled by the nitrogen (N) status of the plant. When non-
nodulating soybean mutants (T201) were hydroponically 
cultivated under N-suffi cient conditions (supply of 5 mM 
NaN03 to the medium), beta-subunit accumulation was 
fi rst detected at 30 d after fl owering (DAF). In N-defi cient 
plants (supply of 1 mM NaN03), the accumulation of the 
beta-subunit was strongly inhibited.” Address: Faculty of 
Agriculture, Niigata Univ., Niigata, 950-2181 Japan.

2829. Sanginga, Nteranya; Okogun, J.A.; Vanlauwe, 
B.; Diels, J.; Carsky, R.J.; Dashiell. K. 2001. Nitrogen 
contribution of promiscuous soybeans in maize-based 
cropping systems. In: G. Tian, F. Ishida, and D. Keatinge, 
eds. Sustaining Soil Fertility in West Africa. SSSA Special 
Publication Number 58. Madison, Wisconsin: Soil Science 
Society of America. 305+ p. See p. 157-78. Chap. 8. [60 ref]
• Summary: Contents: Abstract. Introduction. Biological 
nitrogen fi xation of various legumes. Herbaceous legumes. 
Woody legumes. Grain legumes. Nitrogen contribution 
of promiscuous soybean in cropping systems: nodulation 
and effectiveness of promiscuous soybean (“In 1978, 
the IITA soybean program targeted the improvement of 
BNF for soybean through a breeding program to develop 
‘promiscuous’ soybean varieties that nodulate with 
indigenous soil bradyrhizobia, eliminating the need for 
inoculation; Kueneman et al., 1984).” Measuring nitrogen 
fi xation and the relevance of the plant host. Biological 
nitrogen fi xation in farmers’ fi elds. Nitrogen balance in 
maize-based cropping systems. Contribution of soybean 
nitrogen to subsequent maize crop. Remaining gaps and 
future research needs.
 Harvest index is the fraction of each plant’s total 
production that is removed as grain. One top priority in 
legume breeding programs is improving the harvest index of 
each.
 Note: Soy is mentioned 142 times in this chapter. 
Address: 1, 3-4. IITA, Ibadan, Nigeria; 2. Univ. of Ibadan, 
Ibadan, Nigeria; 5. IITA, Cotonou, Benin Republic; 6. CID-
IITA, Ibadan, Nigeria.

2830. Schulz, Steffen; Carsky, Robert J.; Tarawali, Shirley A. 
2001. Herbaceous legumes: the panacea for West African soil 
fertility problems? In: G. Tian, F. Ishida, and D. Keatinge, 
eds. Sustaining Soil Fertility in West Africa. SSSA Special 
Publication Number 58. Madison, Wisconsin: Soil Science 
Society of America. vii + 321 p. See p. 179-96. Chap. 9. [75 
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ref]
• Summary: Contents: Abstract. Introduction. Adoption of 
legume technologies: grain legumes, forage legumes, green 
manure/cover crops. Biomass and nitrogen contributions 
of legume technologies: biomass contribution, nitrogen 
contribution. Maximizing legume contributions to soil 
fertility maintenance: residue incorporation, legume-cereal 
double cropping, increased crop–livestock integration. 
Recommendations for increased adoption of legume 
technologies: participatory, demand-driven research, 
emphasis of collateral benefi ts of cover crops, promotion of 
low harvest index grain legumes, improved profi tability of 
livestock enterprises. Miracle legumes? Conclusions.
 Note: Harvest index is defi ned as the pounds of grain 
divided by the total pounds of above ground biomass (stover 
plus grain).
 Page 180: Cowpea (Vigna unguiculata L. Walp.) has 
been cultivated in Africa since ancient times and appears to 
be a crop native to Africa (Purseglove, 1991). In contrast, 
groundnut ([peanut] Arachis hypogaea L.) was imported by 
the Portuguese in the 16th century (Cobley, 1976). Soybean... 
was introduced in Nigeria, Africa’s largest producer of this 
crop, in 1908; however, systematic soybean research was 
initiated only in the late 1980s (Nyiakura, 1982; Singh and 
Rachie, 1987).”
 A graph (p. 181) shows area of cowpea (#1), groundnut 
(#2) and soybean (#3) in West Africa from 1961 to 1999. 
“The cultivation of soybean remained fairly constant at very 
low levels until 1985 but has tripled since then to almost 
600 000 ha. This refl ects the successful collaboration of 
IITA and national research and development systems for the 
improvement and promotion of this crop (Ortiz, 1998).
 Note: Soy is mentioned 29 times in this chapter. 
Address: 1. IITA, Ibadan, Nigeria; 2. IITA, Cotonou, 
Benin Republic; 3. IITA and ILRI (International Livestock 
Research Inst.), Ibadan, Nigeria.

2831. Tian, Guanglong; Ishida, F.; Keatinge, D. eds. 2001. 
Sustaining soil fertility in West Africa. SSSA Special 
Publication No. 58. vii + 321 p.
• Summary: “Proceedings of a symposium sponsored by 
Divisions S-4, S-8, and A-6 of the Soil Science Society of 
America and the American Society of Agronomy. The papers 
were presented during the annual meeting in Minneapolis, 
Minnesota, 5-9 November 2000.”
 Contents: Foreword. Preface. Acknowledgment. 
Contributors. Conversion factors for SI and non-SI units 
(SI = International System = metric system). 14 chapters by 
various authors. Chapter 8 and 9 are cited separately.
 Page 5: A full-page table shows “Total area harvested for 
the principal crops in selected countries of West and Central 
Africa in 1996.” The principal crops are maize, sorghum, 
millet, rice, cassava, yam, cowpea, groundnut, cocoa, and 
soybean (by far the smallest of all crops given). Statistics 

are given for 4 countries in West Africa and the total for 
West Africa, the for 4 countries in Central Africa and the 
total for Central Africa. The source is FAO. About 95% of 
all soybeans in these two regions are produced in Nigeria 
(502,000 ha), with only 2,500 ha in Cote d’Ivoire, and 1,655 
ha in Benin, for a total of 506,155 ha in West Africa. In 
Central Africa, the only producers are DRC (Democratic 
Republic of Congo) 15,000 ha and Cameroon 530 ha, for a 
total of 15,530 ha in Central Africa.
 Page 13: Evidence is emerging from trials in the NGS 
[northern Guinea savanna] (IITA, 2000; BNMS, 2000) that 
use of soybean line TGx 1448 which was selected to have 
both a heavy biomass litterfall and an adequate grain yield 
in rotation with maize allows some accumulation of N in the 
system after the soybean. This is in contrast to the previously 
recommended grain soybean variety Samsoy which extracts 
more N in its grain than it leaves behind. The yield of TGx 
1448 appears to meet the farmer’s minimum requirements 
for grain yield as well as contributing suffi cient biomass to 
give a positive N balance to the soil to satisfy the scientists’ 
drive for sustainability (IITA, 2000). Address: Soil Science 
Society of America, Inc., 677 S. Segoe Rd., Madison, 
Wisconsin 53711.

2832. Ecology Action. 2002. Organic gardening with 
Bountiful Gardens–2002 catalog. Willits, California. 72 p. 
Illust. No index. 28 cm. [22* ref]
• Summary: The section titled “Vegetable seeds” includes 
(p. 15): (1) Seed inoculant for beans, including soybeans 
($2.95). (2) Soybeans, green, edamame: Three varieties 
offered are: Envy (75 days), Butterbean (90 days), Black 
Jet (90-104 days). Address: 5798 Ridgewood Road, Willits, 
California 95490. Phone: (707) 459-6410.

2833. Tanner, Jack W. 2002. The rise of soybeans in Ontario, 
Canada, and Prof. C.A. Zavitz (Interview). SoyaScan Notes. 
Feb. 3. Conducted by William Shurtleff of Soyfoods Center.
• Summary: Charles Zavitz was unquestionably the soybean 
pioneer in Ontario, but he retired in 1927. Soybeans became 
a fairly important crop in Ontario during World War II, when 
they served as a source of vegetable oil. but the crop didn’t 
really take off until the early 1980s. The increase in corn 
acreage, starting in the early 1960s, was a major cause of 
the subsequent increase in soybean acreage. Corn acreage 
growth was related mainly to herbicides, single-crop hybrids, 
early corn which would stand up, and cheap nitrogen–all 
those things came together to cause growth in corn acreage. 
This, in turn, did several things to cause soybean acreage to 
increase: (1) It cleaned out the quackgrass. (2) The soybeans 
moved onto farms where the grower had developed some 
kind of a cash-crop philosophy / mentality. (3) Soybeans 
became part of the rotation with corn. So until the corn crop 
grew, the soybean crop could not. Jack recalls many failures 
in the 1960s when they tried to move soybeans onto a farm 
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that didn’t have corn; the farmer would try soybeans once 
and they would be taken over by weeds and/or groundhogs. 
And they often wouldn’t bear seed due to insuffi cient 
nodulation. So, after that failure, many farmers were 
reluctant to try soybeans again.
 Moreover, it was not until the 1980s that early soybean 
varieties were developed. Before that time, in southwestern 
and central Ontario, they had Harosoy and a couple of other 
varieties. Maple Arrow was the fi rst really good, early, high-
yielding soybean variety. It enabled soybeans to expand 
northward into central and eastern Ontario. During the 1980s 
the number of recommended varieties expanded greatly, into 
the hundreds.
 Nodulation was another big problem. “We were moving 
onto land that had never grown soybeans before. Its not that 
simple to just inoculate the fi rst crop of soybean planted. 
During the 1960s and 1970s Jack and a colleague spent a 
lot of time on nodulation in soybeans. Farmers knew the 
importance of inoculating soybeans. But no matter how 
hard you tried, you could not get decent inoculation the fi rst 
year. At that all the inoculants were based on peat; it wasn’t 
until the granular inoculants came along in about the mid-
1970s that you could really get the number of viable nodule 
bacteria that you needed to get enough nodules the fi rst year.
 Finally in the 1990s all these technologies and practices 
came together as a package for soybeans: Herbicides, 
granular inoculants, good early varieties, and the cash-crop 
philosophy.
 Dr. Zavitz did pioneering research on soybeans from 
1893 to about 1927 when he retired. He evaluated more 
lines and did more production research, both for hay and for 
the beans than anyone else at the time. But after Dr. Zavitz, 
during the 1930s, basically nothing happened with soybeans 
in the short-season part of Ontario. Moreover, OAC as an 
institution was in the doldrums during the 1930s; true, that 
was the decade of the Great Depression, but OAC was part 
of the Ministry of Agriculture and the college became a 
political football. Governments would change and people 
would get fi red. One of Canada’s premiers threatened to 
close OAC completely. It was terrible what was going 
on. So it was really until after World War II, when young 
guys started coming it that OAC started moving again, and 
agriculture became an outstanding department.
 There was hardly any research going on there until 
George Jones joined the faculty in about 1946-47. George 
was a corn and soybean person and he had expertise in 
herbicides; he was the one who really promoted the corn 
crop here. He was called “The Christ of Corn,” he was such 
a missionary for the crop that, for the fi rst time, corn acreage 
expanded greatly, setting the stage for soybean expansion. 
The University of Guelph gave George an honorary degree 
last year. George tried to get soybean acreage to expand, then 
Jack did the same thing, but Dave Hume was the one who 
really got it going because the whole soybean package came 

together when he was promoting soybeans. Jack and Dave 
did a lot of work jointly, published jointly, and their soybean 
crews operated as one. They worked together on nodulation, 
on row width, planting date, variety trials, cooperative 
USDA trials, etc.
 Starting with Dr. Zavitz, many people worked very 
hard to promote soybeans in Canada, but perhaps the most 
outstanding contribution to soybeans in Canada came from 
Cass Owen, who took over the soybean research at Harrow 
from Fred Dimmock. Owen developed Harosoy, which 
occupied 95% of Ontario’s soybean acreage at one time; it 
was also the leading variety in Ohio, Illinois, Iowa. “There 
never was nor will there ever be a soybean variety that 
dominated like Harosoy in both southern Ontario and in 
central the U.S. Cornbelt. Harosoy was released in 1952 and 
it was a dominant variety until the late 1960s. Any varieties 
that came after it were crosses onto Harosoy. We needed a 
short-season variety with a decent yields, but we also needed 
the soybean package (herbicide technology, nodulation 
technology, etc.) that we discussed previously.
 For more details see: 125 years of achievements: 
OAC–A proud tradition, an exciting future, 1874-1999. Look 
for soybeans in the index. Jack, who is very interested in the 
history of the soybean in Canada, wrote most of the parts 
related to soybeans. Address: Retired Prof., Plant Agriculture 
Dep., Crop Science Bldg., Univ. of Guelph, Guelph, Ontario 
N1G 2W1, Canada.

2834. Gordon, A.J.; Skot, L.; James, C.L.; Minchin, F.R. 
2002. Short-term metabolic responses of soybean root 
nodules to nitrate. J. of Experimental Botany 53(368):423-
28. March. [39 ref]
• Summary: “Soybean... plants exposed to 10 mM 
KN03 for a 4 day period were used to test the correlation 
between nitrogenase activity, gene expression and sucrose 
metabolism. Nitrate caused the down-regulation of sucrose 
synthase (SS) transcripts within 1 day, although a decline in 
nodule SS activity and an increase in nodule sucrose content 
only occurred after 3-4 days.” Address: Inst. of Grassland 
and Environmental Research, Plas Gogerddan, Aberystwyth, 
Ceredigion SY23 3EB, UK.

2835. Sanginga, N.; Okogun, J.; Vanlauwe, B.; Dashiell, K. 
2002. The contribution of nitrogen by promiscuous soybeans 
to maize based cropping the moist savanna of Nigeria. Plant 
and Soil 241(2):223-31. April. [30 ref]
• Summary: “Agronomic results indicate that maize 
grain yields generally are higher when the crop is planted 
following soybean than in continuous maize cultivation 
in the moist savanna agroecological zones of West Africa. 
Many factors have been hypothesized to explain this 
phenomenon, including enhanced N availability and the so-
called ‘rotational effect’”.
 Soybean in rotation may increase maize yield by as 
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much as 140% compared to continuous maize cultivation. 
Address: International Inst. of Tropical Agriculture (IITA), 
Oyo Road, PMB 5320, Ibadan, Nigeria.

2836. Liu, Xiaobing; Herbert, S.J. 2002. Fifteen years of 
research examining cultivation of continuous soybean in 
northeast China. Field Crops Research (Amsterdam) 79(1):1-
7. Dec. 6. [41 ref]
• Summary: “Since the early 1980s, farmers’ interest in 
growing soybean in the northeast has increased dramatically, 
sown acreage and total yield now accounting for 33 and 
44%, respectively, of the nation’s total. There are several 
reasons leading farmers to plant soybean in this region: 
higher economic benefi t, farmers’ preferences for growing 
this crop, and natural agro-ecological conditions suited to 
soybean culture. For instance, in some areas farmers have 
no other crop choice since the soil in early spring is often 
too wet or waterlogged for early seeding of alternative crops 
such as spring wheat. On these marginal or poorly drained 
soils, a normal crop rotation cannot be carried out. It is well 
known that continuous culture of soybean results in yield 
decline and quality deterioration. The reasons for this are 
not clear.” Address: 1. Heilongjiang Inst. of Agricultural 
Modernization, Chinese Academy of Sciences, Harbin 
150040, PR China.

2837. Territorial Seed Company. 2002. Spring catalog. 
Cottage Grove, Oregon. 158 p. Illust. Index. 26 cm.
• Summary: In the section on “Beans” is a subsection 
titled “Edamame beans” (Glycine max) which offers four 
varieties–each 85 days to harvest (Sayamusume, Misono 
Green, Beer Friend, and Black Pearl), plus information on 
culture, harvest, and seed specs, and soybean inoculant. 
Address: P.O. Box 158, Cottage Grove, Oregon 97424-0061. 
Phone: (541) 942-9547.

2838. Hakoyama, T.; Yokoyama, T.; Kouchi, H.; Arima, 
Y. 2002. Transcriptional response of soybean suspension 
cultured cells induced by Nod factors obtained from 
Bradyrhizobium japonicum USDA110. Plant and Cell 
Physiology 43:1314-22. *

2839. Lawson, I.Y.D.; Quainoo, A. 2002. Response of 
soybean to organic matter application and inoculation with 
Bradyrhizobium japonicum in the Guinea savanna of Ghana. 
J. of the Ghana Science Association 4(1):53-57. *

2840. Fujikake, Hiroyuki; Yashima, H.; Sato, T.; Ohtake, 
N.; Sueyoshi, K.; Ohyama, T. 2002. Rapid and reversible 
nitrate inhibition of nodule growth and N2 fi xation activity 
in soybean (Glycine max (L.) Merr.). Soil Science and Plant 
Nutrition (Tokyo) 48(2):211-17. [23 ref]
• Summary: “Nodulated soybean (Glycine max. (L) Merr. cv. 
Williams) plants were hydroponically cultured, and various 

combinations of 1-week culture with 5 or 0 mM nitrate 
were applied using 13-d-old soybean seedlings during three 
successive weeks. The treatments were designated as 0-0-
0, 5-5-5, 5-5-0, 5-0-0, 5-0-5, 0-5-5, and 0-0-5, where the 
three sequential numbers denote the nitrate concentration 
(mm) applied in the fi rst-second-third weeks. The size of the 
individual nodule was measured periodically using a slide 
caliper. All the plants were harvested after measurement 
of the acetylene reduction activity (ARA) at the end of the 
treatments.” Address: Faculty of Agriculture, Niigata Univ., 
Niigata, 950-2181, Japan.

2841. Ohtake, Norikuni; Kawachi, T.; Okuyama, I.; Fujikake, 
H.; Sueyoshi, K.; Ohyama, T. 2002. Effect of short-term 
application of nitrogen on the accumulation of beta- subunit 
of beta-conglycinin in nitrogen-starved soybean (Glycine 
max L.) developing seeds. Soil Science and Plant Nutrition 
(Tokyo) 48(1):31-41. [39 ref]
• Summary: “It has been reported that the accumulation of 
the beta-subunit of beta-conglycinin, a storage protein of 
soybean... seeds, was suppressed by nitrogen (N)-defi ciency. 
In this report we attempted to determine which compound(s) 
may playa key role in regulating the accumulation of beta-
subunit mRNA and protein in intact seeds and in an in vitro 
cotyledon culture system.” Address: Faculty of Agriculture, 
Niigata Univ., Niigata, 950-2181 Japan.

2842. Sato, Takashi; Fujikake, H.; Ohtake, N.; Sueyoshi, 
K.; Takahashi, T.; Sato, A.; Ohyama, T. 2002. Effect of 
exogenous salicylic acid supply on nodule formation of 
hypernodulationg mutant and wild type of soybean. Soil 
Science and Plant Nutrition (Tokyo) 48(3):413-20. [32 ref]
• Summary: “Soybean plant is characterized by a systemic 
autoregulatory control system of nodulation (autoregulation) 
by initial infection with rhizobia, and plants commonly 
display a systemic acquired resistance (SAR) to pathogenic 
microbe infection related to salicylic acid (SA) signal 
transmission. We investigated the effect of exogenous SA 
supply on soybean nodulation to determine whether SA 
affects the autoregulation of nodulation.” Address: 1. Faculty 
of Bioresource Sciences, Akita Prefectural University, Akita, 
010-0195 Japan.

2843. Stacey, G.; Loh, J.; Zhang, B.; Lee, Y.-H.; Bickley, 
C.; Lohar, D.; Liao, G.; Copley G.; Stacey, M.G. 2002. 
Signal exchange during early events of soybean nodulation. 
In: Turlough M. Finan, et al, eds. 2002. Nitrogen Fixation: 
Global Perspectives. Proceedings of the 13th International 
Congress on Nitrogen Fixation,... Willingford, Oxon, 
England: CABI Publishing. xx + 553 p. See p. 118-22. [14 
ref]
• Summary: This article begins: “1. Regulation of the 
Bradyrhizobium japonicum Nodulation Genes: The 
regulation of nod gene expression in several (Sino)
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Rhizobium/ Bradyrhizobium / Azorhizobium species has 
been extensively studied. Current evidence shows that most 
nod genes are involved in the production of substituted lipo-
chitin Nod signals that induce root hair curling and cortical 
cell division. The generic model for the regulation of these 
genes predicts that the nodD gene product is constitutively 
expressed and interacts with plant-produced fl avonoid 
chemicals (e.g. isofl avones) leading to induction of other 
nodulation genes. This system of nod gene transcriptional 
control is essential for initiation of the infection process 
and for determining host specifi city.” Address: Center 
for Legume Research, Dep. of Microbiology, Univ. of 
Tennessee, Knoxville, TN 37996-0845.

2844. Tewari, Kaushal; Suganuma, T.; Fujikake, H.; Ohtake, 
N.; Sueyoshi, K.; Takahashi, Y.; Ohyama, T. 2002. Effect of 
deep placement of calcium cyanamide, coated urea, and urea 
on soybean (Glycine max (L.) Merr.) seed yield in relation 
to different inoculation methods. Soil Science and Plant 
Nutrition (Tokyo) 48(6):855-63. [21 ref]
• Summary: “The main objective of this study was to 
increase the productivity of soybean (Glycine max (L.) 
Merr. cv. Enrei) seed by deep placement of controlled 
release nitrogen fertilizers and by the application of 
different methods of inoculation of bradyrhizobia. Ten 
days old seedlings in an inoculated paper pot (IPP), in a 
non-inoculated paper pot (NIPP), and those grown in a 
vermiculite bed without paper pot (DT) were transplanted 
to an upland fi eld converted from a drained paddy fi eld 
in Nagaoka.” Address: Graduate School of Science and 
Technology, Faculty of Agriculture, Niigata Univ., Niigata, 
950-2181 Japan.

2845. Gan, Yinbo; Stulen, I.; van Keulen, H.; Kuiper, Pieter 
J.C. 2003. Effect of N fertilizer top dressing at various 
reproductive stages on growth, N2 fi xation and yield of three 
soybean (Glycine max (L.) Merr.) genotypes. Field Crops 
Research (Amsterdam) 80(2):147-55. Jan. 20. [35 ref]
• Summary: “Previous experiments in both the fi eld and 
greenhouse have shown that N2 fi xation alone cannot meet 
the N requirement for maximizing soybean yield, and that N 
top-dressing at the fl owering stage was more effi cient than N 
top-dressing at the vegetative stages.”
 “Thus, the best timing for N top-dressing during 
reproduction is at the fl owering stage, which increased seed 
yield by 21% for Wuyin 9, 27% for You 91-19, and 26% 
for Jufeng, respectively, compared to the treatment without 
N top-dressing.” Address: 1-2, 4. Lab. of Plant Physiology, 
Univ. of Groningen, P.O. Box 14, 9750 AA Haren, The 
Netherlands.

2846. Ecology Action. 2003. Organic gardening with 
Bountiful Gardens–2003 catalog. Willits, California. 72 p. 
Illust. No index. 28 cm. [22* ref]

• Summary: The section titled “Vegetable seeds” includes 
(p. 14-15): (1) Seed inoculant for beans, including soybeans 
($2.95). (2) Soybeans, green, edamame–Glycine Max: Three 
varieties offered are: Envy (75 days), Butterbean (90 days), 
Black Jet (90-104 days). Address: 5798 Ridgewood Road, 
Willits, California 95490. Phone: (707) 459-6410.

2847. Tewari, Kaushal; Minagawa, R.; Suganuma, T.; 
Fujikake, H.; Ohtake, N.; et al 2003. [Effect of deep 
placement of slow release nitrogen fertilizers and inoculation 
of Bradyrhizobia on the fi rst cropping of soybean in the fi eld 
dressed with mountain soil]. Nihon Dojo Hiryogaku Zasshi 
(J. of Soil Science and Plant Nutrition) 74(2):183-89. April 
5. [17 ref. Jap; eng]
• Summary: “Population of GUS marked bradyrhizobia 
inoculated in fi ve different soils including calcined 
vermiculite increased over 10 times in a week. Each soybean 
seed was planted in a paper pot fi lled with vermiculite 
inoculated with or without bradyrhizobia, and the 10-day-
old seedlings were transplanted with a paper pot to the 
fi rst cropping reclaimed fi eld in Niigata. In addition to the 
conventional fertilization (1.6 g N per m2), deep placement 
of urea, 100 day type coated urea, or calcium cyanamide 
(10 g Nper m2) was applied. In conventional fertilization 
the soybean plants transplanted with non-inoculated paper 
pot did not nodulate due to the absence of indigenous 
bradyrhizobia, and the seed dry weight was lowest, about 9 
g per plant. Seed dry weight of the plants either with paper 
pot inoculation or seed inoculation was higher, about 22 g 
per plant. Soybean plants with deep placement of calcium 
cyanamide exhibited prolonged leaf activity. With deep 
placement of urea, coated urea and calcium cyanamide, seed 
dry weight increased to 32-37, 40-44 and 38-47 g per plant 
respectively. The highest average seed yield was obtained 
in the inoculated paper pot transplantation with calcium 
cyanamide.” Address: Graduate School of Technology, 
Niigata Univ., Niigata, Japan.

2848. Alves, Bruno J.R.; Boddey, R.M.; Uruiaga, S. 2003. 
The success of BNF in soybean in Brazil. Plant and Soil 
252(1):1-9. May 1. [42 ref]
• Summary: A large bar chart (p. 2) shows Brazilian soybean 
area and production from 1960 to 2000. The most rapid 
growth of production took place from about 1971 to 1977, 
then it decreased for two years. The crop moved from high to 
low latitudes and many of the early varieties were introduced 
from the USA.
 “Although BNF was not explicitly considered as 
a trait selection in the breeding/selection programme, 
maximisation of biological nitrogen fi xation (BNF) was 
favoured by conducting selection and breeding trials on 
soils low in N, in which the seeds were inoculated with 
effi cient Bradyrhizobium inoculants but without N fertiliser 
application. Several effi cient imported Bradyrhizobium 
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strains were found to be unable to compete with native soil 
micro-fl ora and other previously-introduced Bradyrhizobium 
strains. Surprisingly, after being in the soil for many years 
one or two of these strains had become more competitive 
while maintaining their high BNF capacity. Today, these 
strains are included amongst the recommended Brazilian 
inoculants and have promoted signifi cant improvements in 
grain yields.” Address: Embrapa Agrobiologia, Caixa Postal 
74.505, Seropédica, 23851-970, Rio de Janeiro, Brazil.

2849. Bernard, Richard L. 2003. Growing, harvesting and 
cooking Gardensoys. Urbana, Illinois. 1 p. Unpublished 
typescript. May. 28 cm.
• Summary: “Growing Gardensoys: Soybeans should be 
grown in full sun. Soil and moisture requirements are similar 
to those for beans and peas. Seeds should be planted in moist 
soil 3/4 to 1½ inches deep and spaced 2 to 4 inches apart in 
rows 10 to 40 inches apart. Plants will usually compensate 
for greater spacing with more branching. If you are in a 
soybean growing area a nodulating bacterium is probably 
present in your soil that will infect soybean roots and give 
the plants extra available nitrogen. Without this, if there is 
enough nitrogen in your garden for corn the soybeans will 
still do fi ne. They will respond to irrigation especially during 
pod-fi ll, if you have a dry spell or are in an arid climate.”
 “In most areas insects are not a problem. Some leaf 
feeding is common and not harmful if moderate. A few pods 
may be damaged by insect feeding, and even become rotten 
and inedible, but this is not usually excessive and no control 
is ordinarily required. In some locations rabbit damage may 
be excessive, and fencing during early growth may be a 
necessity.
 “In the Midwest soybeans are normally planted in May 
for maximum growth and yield but June plantings also do 
quite well although growth is less. April plantings may 
succeed but run the risk of frost damage. Multiple planting 
dates can be used to extend the time of harvest. A 3 to 4 
day delay in planting will usually give a 1 to 2 day delay in 
ripening.
 “Harvesting and cooking Gardensoys: Soybeans 
may be allowed to fully ripen and the dry seeds can be 
readily shelled from the pod. The soybean is naturally self-
pollinating, and varieties are true-breeding so you can save 
the seeds from the Gardensoy varieties that you like best for 
next year’s planting. The mature dry seeds may be prepared 
for eating just as other beans except that to avoid rancidity 
they should not be pre-soaked but put directly into boiling 
water and brought to a boil for 30 to 40 minutes at which 
point they are ready to eat. They may be used in recipes in 
place of other beans.
 “Probably the best way to use vegetable soybeans is to 
pick the green immature pods after the seeds have reached 
full size but before any yellowing begins (called ‘Edamame’ 
in Japan) (this stage will be reached usually about 2 weeks 

before full ripe maturity). Any one variety will have an 
optimum green-harvest period of just a few days since 
all the pods on a plant tend to develop together. A longer 
harvest time may be had by growing varieties with different 
maturities or by multiple planting dates. Boil the pods for 
only 4 to 5 minutes (in lightly salted water if your taste 
prefers) after which the seeds may be easily squeezed out 
(the shells are inedible) and eaten as a ‘fi nger food’ or added 
to soups, salads, fried rice, or other dishes of your choice. 
They taste good cold or hot, and the attractive bright green 
color enhances the appearance of the food. After cooking 
they may be frozen in or out of the pod for later or out-of-
season use. The advantage of eating the immature seeds over 
the ripe seeds besides the better taste and appearance and 
much shorter cooking time is that they are more digestible 
since the complex carbohydrates (oligosaccharides) of the 
mature seeds have not yet formed.” Address: Dr., Illinois 
Agric. Exp. Station, Univ. of Illinois, Urbana, IL 61801.

2850. Fujikake, Hiroyuki; Yamazaki, A.; Ohtake, N.; 
Sueyoshi, K.; Matsuhashi, S.; Ito, T.; Mizuniwa, C.; Kume, 
T.; Hashimoto, S.; Ishioka, N.S.; Watanabe, S.; Osa, A.; 
Sekine, T.; Uchida, H.; Tsuji, A.; Ohyama, T. 2003. Quick 
and reversible inhibition of soybean root nodule growth by 
nitrate involves a decrease in sucrose supply to nodules. J. of 
Experimental Botany 54(386):1379-88. May. [35 ref]
• Summary: “The upper part of a nodulated soybean root 
hydroponically cultured in a glass bottle was monitored 
using a computer microscope under controlled environmental 
conditions, and the diameter of individual nodules was 
measured from 10-24 days after planting. The diameter of 
a root nodule attached to the primary root increased from 1 
mm to 6 mm for 2 weeks under nitrogen-free conditions.” 
Address: 1-3. Faculty of Agriculture, Niigata Univ., 2-8050 
Ikarashi, Niigata, 950-2181, Japan.

2851. Osunde, A.O.; Gwam, S.; Bala, A.; Sanginga, N.; 
Okogun, J.A. 2003. Responses to rhizobial inoculation by 
two promiscuous soybean cultivars in soils of the Southern 
Guinea savanna zone of Nigeria. Biology and Fertility of 
Soils 37(5):274-79. May. [23 ref]
• Summary: “The inoculant strains appeared to be less 
competitive, but more effective, than the indigenous 
populations. The proportions of the nodules occupied by 
the inoculant strains were 17% in the fi rst cropping season, 
and 24% in the second. Inoculation with rhizobia increased 
the percent arbuscular mycorrhizal infection by an average 
of 50%. Although grain yield varied between sites, no 
signifi cant cultivar effect was observed... The proportion 
of nitrogen derived from N2 fi xation ranged from 27% to 
50% in both cropping seasons,...” Address: 1-3. Dep. of Soil 
Science, Federal University of Technology, PMB 65, Minna, 
Niger State, Nigeria; 4-5. International Institute of Tropical 
Agriculture (IITA), PMB 5320, Ibadan, Nigeria.
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2852. Brown, Lester R. 2003. Plan B: Rescuing a planet 
under stress and a civilization in trouble. New York and 
London: W.W. Norton & Co. xvii + 286 p. Illust. Index. 21 
cm. [551 endnotes]
• Summary: Overview: “Our modern civilization is in 
trouble. We have created a bubble economy, one whose 
output is artifi cially infl ated by overconsuming the earth’s 
natural capital. Nowhere is the bubble economy more 
evident than in the food sector where the world grain harvest 
has been infl ated by overpumping aquifers.” This books 
shows the way to sustainable economic progress worldwide, 
a clear “alternative to continuing environmental deterioration 
and eventual economic decline.”
 Contents: Dedication to Orville L. Freeman (1918-
2003). Acknowledgements. Preface. 1. A planet under stress. 
I. A civilization in trouble: 2. Emerging water shortages. 3. 
Eroding soils and shrinking cropland (incl. The land-hungry 
soybean, p. 51-53, 55-56, 137). 4. Rising temperatures 
and rising seas. 5. Our socially divided world. 6. Plan A: 
Business as usual.
 II. The response–Plan B: 7. Raising water productivity. 
8. Raising land productivity. 9. Cutting carbon emissions in 
half. 10. Responding to the social challenge.
 III. The only option: 11. Plan B: Rising to the challenge.
 Concerning soil erosion (p. 42-48): No matter where the 
land, the health of the people living on it cannot be separated 
from the health of the land itself. A large share of the world’s 
840 million hungry live on land where the soils are worn 
thin by erosion.” “The thin layer of topsoil that covers much 
of the earth’s land surface is the foundation of civilization. 
Today perhaps a third or more of that foundation, the world’s 
cropland, is losing topsoil through erosion faster than 
new soil is forming, thereby reducing the land’s inherent 
productivity. Where losses are heavy, productive land turns 
into wasteland or desert” (p. 43).
 Concerning the land-hungry soybean: A major 
competitor for shrinking cropland is the soybean, which 
is the world’s leading vegetable oil for table use and the 
principal protein supplement for livestock, poultry, and 
fi sh rations. Roughly 10% is used for food, 20% for oil, 
and 70% for feed. More of the world’s vegetable oil comes 
from soybeans than from all other oilseeds combined–
including olives, peanuts, sunfl owers, rapeseed, cottonseed, 
and coconuts. More of the world’s protein feeds come 
from soybean meal than from all other high-protein meals 
combined. Soybean production in the United States has 
grown dramatically since World War II. In 1973 the 
harvested area overtook that of wheat. In 1999 it surpassed 
corn. In 2002 the U.S. soybean crop was worth $13 billion, 
nearly twice that of wheat. Worldwide the soybean harvest 
has jumped 11-fold from 17 million tonnes in 1950 to 194 
million tonnes in 2003–compared with a 3-fold expansion 
in world grain harvest during the same period. This huge 

increase in world soybean production has been accompanied 
by a 6-fold increase in planted area. Much of the new area 
is in South America, especially in Brazil and Argentina. 
Because the soybean devotes much of its metabolic energy 
to fi xing nitrogen in the soil and to producing large amounts 
of high-quality protein, “yields have risen only slowly 
compared with those of grain.” We get more soybeans by 
increasing the planted area. In trying to help satisfy the 
booming demand for animal protein, the soybean is being 
grown on more and more land (p. 51-53).
 The largest expansion of cropland in the world today 
is in Brazil. South and west of the Amazon basin are huge 
uncultivated tracts of savannah-like land called cerrado, 
which is being cleared largely to grow soybeans. In addition, 
some of Brazil’s grainland is being shifted to soybeans. 
The result: Brazil’s soybean area has expanded from 10 
million hectares in 1990 to nearly 18 million in 2002. The 
combination of this land expansion with rising yields has 
tripled Brazil’s soybean production since 1990, “putting it 
in a position to soon eclipse the United States as the world’s 
largest producer and exporter.” Brazil’s expansion into the 
cerrado is the only large-scale, 21st-century initiative to 
increase the world’s cropland (p. 55-56).
 In 1996 the U.S. lifted restrictions on planting area, 
opening new opportunities for multiple cropping. “The most 
common U.S. double cropping combination is winter wheat 
with soybeans as a summer crop.” Some 6% of soybean 
production comes from land that also produces winter wheat. 
In this rotation, the soybeans fi x nitrogen in the soil, reducing 
the amount of fertilizer needed for wheat (p. 137).
 Tables: 2-1. Countries with extensive overpumping of 
aquifers in 2002 (esp. China, India, USA, Pakistan). 7-1. 
Water productivity gains when sifting from conventional 
surface irrigation to drip irrigation in India. 8-1. Gains in 
world grain yield per hectare, 1950-2001 (the rate of growth 
is slowing). 8-2. Annual percentage growth in world animal 
protein production, by source, 1990-2002 (aquaculture is 
the highest; oceanic fi sh catch is the lowest, and beef is the 
next lowest). 9-1. Sales of hybrid cars in the USA, 1999-
2003 (rapid growth). 9-2. Annual percentage growth rate of 
different energy sources (solar photovoltaics and wind power 
are growing fastest, over 30% a year). 10-1. Honduras: Ideal 
and actual number of children born per woman, according 
to socioeconomic level (the higher the level, the fewer the 
children). 10-2. Additional annual funding needed worldwide 
to reach basic social goals ($62 billion/year). 11-1. Military 
spending in key countries, 2002.
 Figures (graphs): 2-1. Total grain production in 
China, 1950-2003 (it peaked in 1999). 3-1. World soybean 
production, 1950-2002 (it doubled between 1950 and 1969, 
doubled again between 1969 and 1986, then doubled a 
third time between 1986 and 1998). 4-1. Average global 
temperature, 1880-2002 (rapid rise since 1979). 8-1. World 
meat production by type, 1950-2002 (No. 1 is pork, followed 
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by poultry, beef, mutton). 8-2. Milk production in India 
and the United States, 1961-2002 (India passed the USA 
ca. 1998). 9-1. World wind energy generating capacity, 
1980-2002 (rapid increase since 1995). Address: President, 
Earth Policy Inst., 1350 Connecticut Ave., N.W., Suite 403, 
Washington, DC 20036. Phone: 202-496-9290.

2853. Ogoke, I.J.; Carsky, R.J.; Togun, A.O.; Dashiell, 
K. 2003. Effect of P fertilizer application on N balance of 
soybean crop in the guinea savanna of Nigeria. Agriculture, 
Ecosystems and Environment 100(2-3):153-59. Dec. [16 ref]
• Summary: “Abstract: Soybean (Glycine max (L.) Merr.) 
is becoming increasingly important in the cereal-based 
cropping system of the Nigerian Guinea savanna zone and 
this justifi es research on its effects on soil N. Although 
soybean can obtain 50% or more of its N requirement from 
the atmosphere, the N contribution of the crop to the system 
depends on the amount of N contained in roots, haulms, and 
fallen leaves after grain harvest.” Address: 1. Dep. of Crop 
and Soil Science Technology, Federal Univ. of Technology, 
Owerri, Nigeria.

2854. Osunde, A.O.; Bala, A.; Gwam, M.S.; Tsado, P.A.; 
Sanginga, N.; Okogun, J.A. 2003. Residual benefi ts of 
promiscuous soybean to maize (Zea mays L.) grown on 
farmers’ fi elds around Minna in the southern Guinea savanna 
zone of Nigeria. Agriculture, Ecosystems and Environment 
100(2-3):209-220. Dec. [31 ref]
• Summary: “Thus it appears that growing promiscuous 
soybean in rotation, even without the residues being returned 
to the fi eld, will be benefi cial to the subsequent maize crop. 
This will mean greater yields for smallholder farmers at 
minimal costs.” Address: 1-4. Dep. of Soil Science, Federal 
Univ. of Technology, PMB 65, Minna, Niger State, Nigeria; 
5-6. International Institute of Tropical Agriculture (IITA), 
PMB 5320 Ibadan, Nigeria.

2855. Sanginga, N.; Dashiell, K.E.; Diels, J.; Vanlauwe, 
B.; Lyasse, O.; Carsky, R.J.; Tarawali, S.; Asafo-Adjei, B.; 
Menkir, A. Schulz, S.; Singh, B.B.; Chikoye, D.; Keatinge, 
D.; Ortiz, R. 2003. Sustainable resource management 
coupled to resilient germplasm to provide new intensive 
cereal-grain-legume-livestock systems in the dry savanna 
Agriculture, Ecosystems and Environment 100(2-3):305-314. 
Dec. [27 ref]
• Summary: ‘Dual-purpose’, promiscuous soybean varieties 
were developed by the International Institute of Tropical 
Agriculture (IITA) between the mid-1970s and early 1990s. 
Their dual purpose nature stems from the fact that these 
varieties produce a substantial amount of grain and leafy 
biomass, resulting in a relatively low N harvest index.
 “Abstract: Sustainable resource management is the 
critical agricultural research and development challenge in 
sub-Saharan Africa. The accumulated knowledge on soil 

management gathered over the last 10 years, combined with 
solid crop improvement and plant health research at farmers’ 
level, has brought us to a stage where we can now address 
with confi dence the intensifi cation of cereal-grain-legume-
based cropping systems in the dry savanna of West Africa in 
a sustainable and environmentally positive manner.”
 Soybean production has been rapidly expanding in the 
cereal-based systems of the Guinean savannah. Driving 
factors behind this rapid adoption have been the availability 
of new, well-adapted, varieties, the high market value 
of soybean grain, and the positive impact of soybean on 
subsequent cereal crops. Address: International Institute of 
Tropical Agriculture (IITA).

2856. Singh, A.; Carsky, R.J.; Lucas, E.O.; Dashiell, K. 
2003. Soil N balance as affected by soybean maturity class in 
the Guinea savanna of Nigeria. Agriculture, Ecosystems and 
Environment 100(2-3):231-40. Dec. [32 ref]
• Summary: “Legume-cereal rotation may reduce the 
fertilizer requirement of the cereal crop and we hypothesize 
that the benefi t depends on the maturity class of the 
soybean... Therefore, medium and late soybean should 
be used as a preceding crop in legume-cereal rotation, if 
possible, to minimize or avoid depletion of soil N by early 
varieties of soybean.” Address: 1. Crop Science Department, 
Usmanu Danfodiyo Univ., P.O. Box 1754, Sokoto, Sokoto 
State, Nigeria; 2. International Institute of Tropical 
Agriculture, B.P. 08-0932, Cotonou, Benin; 3. Agronomy 
Dep., University of Ibadan, Ibadan, Nigeria.

2857. Shutsrirung, A.; Yokoyama, T.; Senoo, K.; Tajima, S.; 
Minamisawa, K.; Sameshima, R.; Bhromsiri, A.; Hisamatsu, 
M. 2003. Genetic diversity of native Bradyrhizobium 
populations in soybean-growing areas of northern Thailand. 
Soil Science and Plant Nutrition 49:255-63. *

2858. Fujikake, Hiroyuki; Tamura, Y.; Ohtake, N.; Sueyoshi, 
K.; Ohyama, T. 2003. Photoassimilate partitioning in 
hypernodulation mutant of soybean (Glycine max (L.) 
Merr.) NOD1-3 and its parent Williams in relation to nitrate 
inhibition of nodule growth. Soil Science and Plant Nutrition 
(Tokyo) 49(4):583-90. [38 ref]
• Summary: “Nodule growth of a hypernodulating soybean... 
mutant line NOD1-3 was compared to that of its wild-type 
parent cv. Williams from 14 to 18 days after planting (DAP) 
in the absence of nitrate treatment (hereafter referred to as 
“0 mM treatment”) or with 5 mM nitrate treatment. The 
growth rate determined by increase in the diameter of the 
nodules was relatively lower in the mutant NOD1-3 than 
that of the parent Williams under nitrogen-free conditions (0 
mM nitrate).” Address: 1. Graduate School of Science and 
Technology, Niigata Univ., Niigata, 950-2181 Japan.

2859. Masuda, Ryoichi; Sugimoto, T.; Shiraishi, N.; 
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Ohyama, T.; Oji, Y. 2003. Ureide and amino acids in xylem 
sap of soybean (Glycine max L.) are affected by both 
nodulation and nitrogen supply from soil. Soil Science and 
Plant Nutrition (Tokyo) 49(2):185-90. [24 ref]
• Summary: “To estimate the effect of nitrogen fi xation 
on the nitrogen metabolism of soybean, changes in the 
concentrations of nitrogenous compounds in the xylem 
sap from nodulated plants of soybean (Glycine max. L. cv. 
T202) were compared with those from the non-nodulated 
isoline (T201) grown in fi elds. Although changes in the 
concentrations of 16 out of 19 amino acids in the xylem sap 
from non-nodulated plants were correlated with those of 
ureides, none of them in the xylem sap from nodulated plants 
showed any signifi cant correlation with ureides.” Address: 
1. National Food Research Institute, Ministry of Agriculture, 
Forestry and Fisheries, Tsukuba, 305-8642 Japan.

2860. Yashima, Hiroyuki; Fujikake, H.; Sato, T.; Ohtake, N.; 
Sueyoshi, K.; Ohyama, T. 2003. Systemic and local effects 
of long term application of nitrate on nodule growth and N2 
fi xation in soybean (Glycine max (L.) Merr.). Soil Science 
and Plant Nutrition (Tokyo) 49(6):825-34. [25 ref]
• Summary: “Soybean plants require a large amount of N 
supplied either from N2 fi xation by root nodules or from 
N absorption by the roots, and the seed yield is highly 
correlated with the total amount of assimilated N. It has 
long been recognized that a high level of inorganic nitrogen, 
especially nitrate, in soil depresses nodulation and nitrogen 
fi xation of soybean plants (Harper 1987; Streeter 1988).” 
Address: 1-2. Graduate School of Science and Technology, 
Niigata Univ., Niigata, 950-2181 Japan.

2861. Dietz, John. 2004. Soybeans march way north: Is 
Manitoba, Canada, the soybean’s new frontier? Corn and 
Soybean Digest. Mid-Feb. p. 31-32.
• Summary: Note: Most of the soybeans grown in Manitoba 
are grown in the far south of the province in the Red River 
Valley. The Red River (also known in the USA as the Red 
River of the North to distinguish it from the river that forms 
part of the border between Texas and Oklahoma) originates 
in the United States and fl ows northward through the Red 
River Valley. It empties into Lake Winnipeg, whose waters 
join the world’s oceans in Hudson Bay via the Nelson River. 
The Red River fl ows through several urban areas along its 
path including Fargo-Moorhead and Greater Grand Forks in 
North Dakota (USA) and Winnipeg in Canada.
 Soybeans are a relatively new crop in Manitoba, made 
possible largely by plant breeders who breed soybeans for 
latitudes in the far north (as in Quebec and Ontario), but also 
by better soil inoculants–which contain higher numbers of 
bacteria, more protein, and use stickers and sterile peat to 
produce better nodulation.
 Twenty years ago, a few Manitoba farmers tried growing 
soybeans but gave up on the crop because of low yields, low 

prices, and low protein content. In 1996 a few growers in 
the Red River Valley of Manitoba, near the Canadian border, 
successfully planted 800 acres. The province’s soybean 
acreage increased to 40,000 acres in 2001, then to and 
120,000 acres in 2002, and (most recently) to 220,000 acres 
in 2003 (a whopping 83% increase over the previous year).
 A color photo shows Blye and Don Sissons who planted 
300 acres of soybeans last year on their farm at Portage 
la Prairie in the Red River Valley–50 miles due west of 
Winnipeg, Manitoba.

2862. Moscardi, Flavio; et al. ed. 2004. VII World Soybean 
Research Conference, IV International Soybean Processing 
and Utilization Conference, III Congresso Brasileiro de 
Soja... Abstracts of contributed papers and posters. Londrina, 
PR, Brazil: Embrapa Soja. 371 p. 29 cm. Held Feb. 29 to 
March 5, 2004, Foz do Iguaçu, Parana, Brazil.
• Summary: Three separate conferences were held at the 
same place in Brazil at the same time. Each conference has 
its own proceedings.
 The proceedings of WSRC VII go from page 3 to 
about p. 655. The proceedings of IV International Soybean 
Processing and Utilization Conference go from page 661 to 
about page 1200. The proceedings of the III Brazilian Soy 
Congress (in Portuguese) go from page 1203 to about page 
1330.
 The Proceedings of WSRC VII were edited by Flavio 
Moscardi, Clara Beatriz Hoffmann-Campo, Odilon 
Ferreira Saraiva, Paulo Roberto Galerani, Francisco Carlos 
Krzyzanowski, Mercedes Concordia Carrao-Panizzi.
 Various publications resulted:
 (1) “Abstracts of Contributed Papers and Posters” (371 
pages, including the 40-page table of contents; 29 cm). NAL 
Call#: SB205.S7 W675 2004 (Overfl ow).
 (2) Proceedings (1344 pages; 23 cm). NAL Call#: 
SB205.S7 W67 2004 (Overfl ow)

2863. Moscardi, Flavio; et al. ed. 2004. VII World Soybean 
Research Conference, IV International Soybean Processing 
and Utilization Conference, III Congresso Brasileiro de 
Soja... Proceedings. Londrina, PR, Brazil: Embrapa Soja. 
1344 p. 23 cm. Held Feb. 29 to March 5, 2004, Foz do 
Iguaçu, Parana, Brazil.
• Summary: Three separate conferences were held at the 
same place in Brazil at the same time. Each conference has 
its own proceedings.
 The proceedings of WSRC VII go from page 3 to 
about p. 655. The proceedings of IV International Soybean 
Processing and Utilization Conference go from page 661 to 
about page 1200. The proceedings of the III Brazilian Soy 
Congress (in Portuguese) go from page 1203 to about page 
1330.
 The Proceedings of WSRC VII were edited by Flavio 
Moscardi, Clara Beatriz Hoffmann-Campo, Odilon 
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Ferreira Saraiva, Paulo Roberto Galerani, Francisco Carlos 
Krzyzanowski, Mercedes Concordia Carrao-Panizzi.

2864. NSRL Bulletin (National Soybean Research 
Laboratory, Urbana, Illinois). 2004. Research explains 
nitrogen credit from soybeans. 11(1):5. Feb.
• Summary: Research by Prof. Mark David at the Univ. of 
Illinois explains where nitrogen goes if the plant doesn’t use 
it. The soybean crop actually removes more nitrogen from 
the soil than it leaves behind. The source of the “nitrogen 
credit is largely due to greater soil nitrogen mineralization, or 
the breakdown of organic nitrogen to inorganic nitrogen by 
soil microorganisms.”

2865. Pueppke, Steven. 2004. From the director’s desk. 
NSRL Bulletin (National Soybean Research Laboratory, 
Urbana, Illinois) 11(1):7. Feb.
• Summary: A brief biography. He entered Michigan State in 
1968, and did his doctoral research at Cornell Univ. [Ithaca, 
New York] in the early 1970s–working on isofl avonoids 
from peas. He became a plant pathologist, and his fi rst 
collaborator was Univ. of Illinois Professor Ted Hymowitz. 
With funds from the state soybean checkoff board, he spent 
20 years trying to understand what happens when nitrogen-
fi xing bacteria come in contact with soybean roots. Now 
he will focus his attention on the world soybean system. A 
portrait photo shows Steven Pueppke (PEP-kee).
 Note: He came to U of I from Univ. of Missouri about 
5-6 years ago.

2866. Tewari, Kaushal; Suganuma, T.; Fujikake, H.; Ohtake, 
N.; Sueyoshi, K.; Takahashi, Y.; Ohyama, T. 2004. Effect 
of deep placement of N fertilizers and different inoculation 
methods of bradyrhizobia on growth, N2 fi xation activity 
and N absorption rate of fi eld grown soybean plants. J. of 
Agronomy and Crop Science–Zeitschrift fuer Acker- und 
Pfl anzenbau 190(1):46-58. Feb. [40 ref]
• Summary: “The total amount of N2 fi xation was about 
50% higher in the plants with calcium cyanamide and 
coated urea deep placements compared with control plants. 
Deep placement of slow release fertilizers kept nodule 
dry weight higher in the maturing stage of seed, possibly 
through abundant supply of photoassimilate to the nodules 
by supporting leaf area and activity until late reproductive 
stages. The results indicate that deep placement of calcium 
cyanamide or coated urea enhances N2 fi xation activity, 
which ultimately increases the seed yield. The promotive 
effect was observed with the seedlings transplanted in paper 
pot with inoculum of bradyrhizobia within any treatments, 
although nodulation by indigenous rhizobia was observed 
in the plants transplanted with non-inoculated paper pot.” 
Address: Faculty of Agriculture, Niigata Univ., Ikarashi, 
Japan.

2867. Gwata, E.T.; Wofford, D.S.; Pfahler, P.L.; Boote, 
K.J. 2004. Genetics of promiscuous nodulation in soybean: 
nodule dry weight and leaf color score. J. of Heredity 
95(2):154-57. March. [19 ref]
• Summary: “The effectiveness of nodule formation and 
N2 fi xation with rhizobial strains is under genetic control 
with two general categories identifi ed: (1) promiscuous, 
which produces functional nodules with cowpea-type 
rhizobial strains; and (2) nonpromiscuous, which forms no or 
nonfunctional nodules with these strains.”
 For leaf color score (LCS), “nonpromiscuity was shown 
to be almost completely dominant (h/d ¼ 0.74), controlled by 
two loci. LCS was a more meaningful estimate of N2 fi xation 
because it represented the total effectiveness of nodulation to 
provide nitrogen for the plant. “ Address: Dep. of Agronomy, 
Univ. of Florida, P.O. Box 110300, Gainesville, FL 32611-
0300.

2868. Raymond, J.; Siefert, J.L.; Staples, C.R.; Blankenship, 
R.E. 2004. The natural history of nitrogen fi xation. 
Molecular Biology and Evolution 21(3):541-54. March. *
• Summary: “Abstract: In recent years, our understanding of 
biological nitrogen fi xation has been bolstered by a diverse 
array of scientifi c techniques. Still, the origin and extant 
distribution of nitrogen fi xation has been perplexing from 
a phylogenetic perspective, largely because of factors that 
confound molecular phylogeny such as sequence divergence, 
paralogy, and horizontal gene transfer. Here, we make 
use of 110 publicly available complete genome sequences 
to understand how the core components of nitrogenase, 
including NifH, NifD, NifK, NifE, and NifN proteins, have 
evolved.” Address: Dep. of Chemistry and Biochemistry, 
Arizona State Univ., Tempe, USA.

2869. Lersten, Nels R.; Carlson, John B. 2004. Vegetative 
morphology. In: H. Roger Boerma and James E. Specht, eds. 
2004. Soybeans: Improvement, Production, and Uses. 3rd ed. 
Madison, Wisconsin: American Society of Agronomy. xxv + 
1144 p. See p. 15-57. Chap. 2. [81 ref]
• Summary: Contents: 1. Leaf: Gross morphology, petiole 
and petiolules, epidermis, mesophyll, vascular architecture. 
2. Stem: Mature primary structure, secondary growth. 3. 
Root system: Primary structure, secondary growth of root. 4. 
Germination and seedling growth: Establishment. 5. Primary 
meristems and organ differentiation: Stem apical meristem 
and primary stem, apical meristems and leaf development, 
root subapical meristem and primary roots, branch roots. 6. 
Bacterial root nodules. 7. Mycorrhizal relations.
 Note: This chapter was reprinted from Chapter 3 of the 
1987 2nd ed. of this book. Address: 1. Iowa State Univ., 
Ames, IA; 2. Univ. of Minnesota, Duluth, MN.

2870. Sinclair, Thomas R. 2004. Improved carbon and 
nitrogen assimilation for increased yield. In: H. Roger 
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Boerma and James E. Specht, eds. 2004. Soybeans: 
Improvement, Production, and Uses. 3rd ed. Madison, 
Wisconsin: American Society of Agronomy. xxv + 1144 p. 
See p. 537-568. Chap. 11. [151 ref]
• Summary: Contents: Introduction. 1. Carbon assimilation: 
Leaf photosynthesis (photosynthesis rates and nitrogen, 
response to photosynthate supply and demand, conclusions), 
canopy carbon accumulation (infl uence of canopy structure, 
canopy assimilation rates, radiation-use effi ciency, 
conclusions). 2. Nitrogen accumulation: Symbiotic 
dinitrogen fi xation (photosynthate supply and nodule 
activity {“The reduction of atmospheric N2 to ammonia is 
energetically an expensive process,...”}, nitrogen feedback 
and nodule activity, water and nodule activity, conclusions), 
nitrate and dinitrogen fi xation (nitrate uptake, inhibition 
of nitrogen fi xation by nitrate, genetic variation in nitrate 
response, conclusions). 3. Yield increase: Increasing 
photosynthesis, increasing nitrogen accumulation, limits 
to yield increase (maximum yield limits, realistic yield 
limits). 4. Summary (“Carbon and nitrogen are clearly the 
fundamental building blocks required to form soybean yield. 
Each of these resources have to be accumulated in the plant 
over the growing season and fi nally partitioned to the seed to 
form yield”).
 Nitrogen exists in leaves primarily as ribulose 
biphosphate carboxylase/oxygenase and there is generally a 
strong relationship between nitrogen (N) per unit leaf area 
and photosynthesis. Address: Plant Physiologist, USDA-
ARS, Agronomy Physiology Lab., Univ. of Florida, P.O. Box 
110965, Gainesville, FL 32611-0965.

2871. Franke, A.C.; Schulz, S.; Oyewole, B.D.; Bako, 
S. 2004. Incorporating short-season legumes and green 
manure crops into maize-based systems in the moist Guinea 
savannah of West Africa. Experimental Agriculture 40:463-
479. Oct. [23 ref]
• Summary: “Given the limited growing season of the 
northern Guinea savanna, it is concluded that timing of fi eld 
operations is crucial for the successful application of double 
cropping systems. In addition, high labour requirements are a 
serious constraint for wide-scale adoption of double cropping 
systems by small-scale farmers, stressing the need to reduce 
soil cultivation operations, for example by maintaining a 
uniform ridge distance for all crops in the rotation.” Address: 
International Institute of Tropical Agriculture (IITA), Oyo 
Road, Ibadan, Nigeria.

2872. Kaushal, Tewari; Onda, M.; Ito, S.; Yamazaki, A.; 
Fujikake, H.; Ohtake, N.; Sueyoshi, K.; Takahashi. Y.; 
Ohyama, T. 2004. Effect of placement of urea and coated 
urea on yield and quality of soybean (Glycine max (L.) 
Merr.) seed. Soil Science and Plant Nutrition (Tokyo) 
50(8):1245-54. [36 ref]
• Summary: “In terms of diseased seeds, the percentage of 

turtle wrinkle and broken seed coats was found to decrease 
by N application compared to the control. Thus, it is 
suggested that N fertilization management is important for 
maximum yield of soybean as well as for the enhancement 
of seed quality.” Address: 1. Graduate School of Science and 
Technology, Niigata Univ., Niigata, 950-2181 Japan.

2873. Nitragin, Inc. 2005. Give your soybeans a swift kick 
in the bottom line: For more yield and more profi t in your 
pocket, ask for Optimize (Ad). Iowa Soybean Review (Iowa 
Soybean Association, Urbandale, Iowa) 16(4):Inside back 
cover. Jan.
• Summary: A large color photo shows the back pocket of 
a farmer dressed in blue jeans; a wallet appears to be in it. 
“Optimize is a quicker way to better soybean yields. It’s 
a new patented soybean Promoter Technology(TM) that 
maximizes the genetic potential of your beans. Over fi ve 
years of fi eld testing, Optimize delivered an average yield 
increase of 5.1 bu/acre.” Note: There is no indication in 
this ad, except for the relatively unknown word “Nitragin,” 
that this is an ad for nitrogen-fi xing bacteria. Address: 
[Milwaukee, Wisconsin].

2874. Musiyiwa, K.; Mpepereki, S.; Giller, K.E. 2005. 
Symbiotic effectiveness and host ranges of indigenous 
rhizobia nodulating promiscuous soyabean varieties in 
Zimbabwean soils. Soil Biology & Biochemistry 37(6):1169-
76. June. [22 ref]
• Summary: “Effective rhizobia populations for soyabean 
are present in Zimbabwean soils. The order of `promiscuity’ 
for the [soyabean] varieties used in this study in descending 
order from the most promiscuous is Magoye, Hernon 147 
and Roan. The two promiscuous soyabean varieties Magoye 
and Hernon 147 have potential to be grown without rhizobial 
inoculation in some smallholder agricultural areas of 
Zimbabwe such as in Guruve. Soyabean grown in the other 
districts of Chikwaka, Chikomba, Mhondoro, and Mutoko 
will have to be inoculated.” Address: 1-2. Dep. of Soil 
Science and Agricultural Engineering, Univ. of Zimbabwe, 
M.P. 167, Mount Pleasant, Harare, Zimbabwe.

2875. Okogun, J.A.; Sanginga, N.; Abaidoo, R.; Dashiell, 
K.E.; Diels, J. 2005. On-farm evaluation of biological 
nitrogen fi xation potential and grain yield of Lablab and two 
soybean varieties in the northern Guinea savanna of Nigeria. 
Nutrient Cycling in Agroecosystems 73(2-3):267-275. Nov. 
[28 ref]
• Summary: An improved soybean variety (TGx 1448-2E) 
with a high biological nitrogen fi xation (BNF) potentials 
had been studied in on-station trials. The goal of this study 
was to see how it compared with a local variety (Samsoy) 
when inoculated with Bradyrhizobium strains and grown in 
trials on the farms of 20 local farmers in the northern Guinea 
savanna (NGS) of Nigeria in a soybean-maize rotation. More 
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than 50% of the fi elds had less than 50% of the critical level 
of soil phosphorus (P). This poor soil fertility decreased the 
soybean yield.
 “For farmers in the study area to benefi t from the BNF 
potentials of the legumes, an external P fertilizer input was 
necessary as well as suitable crop management practices 
because all parameters measured in the researcher-managed 
plots were higher than in the farmer-managed plots.”
 The main reason farmers in the NGS of Nigeria include 
legumes (such as cowpea, groundnut [peanut], and recently 
soybean) is to stabilize yield and serve as sources of protein 
for their families (Sanginga et al. 2001). The production and 
use of soybean in the NGS have increased rapidly for over 
a decade and it has become the 2nd crop after maize in this 
area. Address: International Institute of Tropical Agriculture 
(IITA), PMB 5320, Oyo Road, Ibadan, Nigeria.

2876. Kaewsuralikhit, S.; Yokoyama, T.; Kouchi, H.; Arima, 
Y. 2005. Comprehensive analysis of plant gene expression in 
soybean root nodules at different growth stages. Soil Science 
and Plant Nutrition 51:313-22. *

2877. Hungria, M.; Franchini, J.C.; Campo, R.J.; Graham, 
P.H. 2005. The importance of nitrogen fi xation to soybean 
cropping in South America. In: D. Werner and W. Newton. 
2005. Nitrogen Fixation in Agriculture, Forestry, Ecology, 
and the Environment. Dordrecht, Netherlands: Springer. xix 
+ 347 p. See p. 25-42. Chapt. 3. [80 ref]
• Summary: Contents: 1. Introduction. 2. Taxonomy, 
Origins, and Importance of Soybean. 3. Biological Nitrogen 
Fixation. 4. Economic Importance of Biological Nitrogen 
Fixation (BNF) in South America. 5. Crop Management in 
South America. 6. Final Considerations. Acknowledgement. 
Address: 1-3. Embrapa Soja, Cx. Postal 231, 86001-970, 
Londrina, PR [Parana] Brazil.

2878. Hungria, M.; Loureiro, M.F.; Mendes, I.C.; Campo, 
R.J.; Graham, P.H. 2005. Inoculant preparation, production 
and application. In: D. Werner and W. Newton. 2005. 
Nitrogen Fixation in Agriculture, Forestry, Ecology, and the 
Environment. Dordrecht, Netherlands: Springer. xix + 347 p. 
See p. 223-53. Chapt. 11. [169 ref]
• Summary: A brilliant presentation! Contents: Introduction. 
Strain selection [of soil microorganisms]: A successful 
approach: The Brazilian selection program for soybean and 
common bean, selection of fast-growing strains for soybeans: 
differences among ecosystems, use of strains in commercial 
inoculants, persistence of the strains on the soils. Inoculant 
production: the carrier [7 desirable properties], the cultures 
(strain maintenance, culture and inoculant production, 
inoculant quality control,...). Inoculation and co-inoculation 
with other organisms, Main conclusions.
 “Introduction: Progressive chemical and physical 
degradation of soil is a major factor affecting crop yield 

worldwide (Cassman, 1999). The situation is most serious 
in tropical regions, where soils are often structurally 
fragile, have low organic matter and nutrient content, and 
are frequently subject to erosion or inappropriate farm 
management. In these areas, nutrient depletion may be 
accentuated by the high cost of fertilizers, especially fi xed-N 
sources, the majority of which are imported from developed 
countries (Hungria and Vargas, 2000; Giller, 2001). Thus, 
smallholders in Africa, for example, commonly apply less 
N, P, and K than is removed in the grain (Giller and Cadisch, 
1995; Franzluebbers et al., 1998; Sanchez, 2002), suggesting 
annual average depletion rates across 37 African countries 
of 22 kg N, 2.5 kg P and 15 kg K per ha. Because of such 
depletion, biological nitrogen (N2) fi xation is critical to 
the agricultural sustainability of these areas, but is often 
constrained by the absence in the soil of effi cient and 
competitive rhizobia. There is an obvious need to improve 
the availability, quality, and delivery of such rhizobia for 
every cropped legume.
 “The practice of transferring soil from a fi eld where 
legumes have been grown to new areas being planted to 
the same crop, dates back to ancient times. It became the 
recommended method of inoculation after Hellriegel’s 
report on the N nutrition of leguminous plants in 1886, and 
was followed soon thereafter by the fi rst use of rhizobial 
inoculants (Voelcker, 1896; Fred et al., 1932). However, 
after over a century of rhizobial inoculation, most of the 
inoculants produced in the world are still of relatively poor 
quality (FAO, 1991; Olsen et al., 1994; 1996; Brockwell 
and Bottomley 1995; Lupwayi et al., 2000; Stephens and 
Rask, 2000). In this chapter, we discuss some aspects related 
to inoculant production and inoculation. Complementary 
information can be obtained from other reviews (Smith, 
1992; Brockwell and Bottomley, 1995; Brockwell et al., 
1995; Lupwayi et al., 2000; Stephens and Rask, 2000; 
Catroux et al., 2001; Date, 2001).
 “2. Strain Selection: Successful inoculation starts with 
the establishment of long-term programs of strain selection 
and the identifi cation of elite strains for each legume host 
of interest. Emphasis in this selection program should be 
given to a high capacity for N2 fi xation with all commonly 
used cultivars of the legume in question, competitiveness 
with indigenous or naturalized rhizobia, tolerance to 
environmental constraints, and the ability to persist in soil. 
Selection for specifi c ecosystems, unusual soil physical 
or chemical constraints, specifi c environmental concerns 
(temperature or soil acidity), or specifi c local cultivars may 
also be important (e.g., Jones and Hardarson, 1979; Hungria 
and Bohrer, 2000; Hungria and Vargas, 2000; Mpeperecki 
et al., 2000; Stephens and Rask, 2000; Chen et al., 2002; 
Mostasso et al., 2002). Important characteristics not often 
considered in strain selection are performance in storage and 
culture (Balatti and Freire, 1996), genetic stability (FAO, 
1991), and the ability to survive on seeds (Lowther and 
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Patrick, 1995). These traits have also been considered by 
Burton (1981), Roughley (1970) and Keyser et al. (1993).
 “2.1. A Successful Approach: The Brazilian Strain 
Selection Program for Soybean and Common Bean: Soybean 
(Glycine max L. Merr.) was introduced to Brazil in 1882, 
with large-scale cultivation of bred cultivars initiated 
in the 1960s (Vargas and Hungria, 1997; Hungria and 
Bohrer, 2000). As Brazilian soils were originally devoid 
of bradyrhizobia that were effective with soybean (Vargas 
and Suhet, 1980; Hungria and Vargas, 2000; Ferreira and 
Hungria, 2002), inoculants were also introduced in the early 
1960s, mainly from the United States. Strain selection both 
for locally adapted cultivars and for tolerance to the often 
acid-soils conditions started immediately (Dobereiner et 
al., 1970; Peres and Vidor, 1980; Vargas et al., 1992; Peres 
et al., 1993; Hungria and Vargas, 2000) with outstanding 
results. However, as the national mean yield for soybean 
has increased from 1,166 kg per ha in 1968/69 to 2,765 kg 
per ha in 2002/2003, plant demand for N has also increased. 
Further, more than 90% of the areas cropped to soybean 
today have been previously inoculated and have established 
bradyrhizobial populations of at least 103 cells per gm of 
soil. Both situations contribute to a need for more effi cient 
and competitive strains (Hungria et al., 2001b; 2002)...”
 “Strain-selection programs in Brazil initially emphasized 
elite strains from foreign countries, but have since changed 
to selection amongst adapted strains obtained from locally-
grown soybeans several years after their introduction. Grain 
yield has always been the major factor considered, but other 
parameters used in the identifi cation of superior strains 
have included plant vigor, N2 (C2H2) reduction, total N 
accumulated in tissues, N harvest index, ureide content in 
tissues, and nodule occupancy (Peres and Vidor, 1980; Peres 
et al., 1984; 1993; Neves et al., 1985; Vargas et al., 1992; 
Hungria et al., 1998; Santos et al, 1999; Hungria and Vargas, 
2000). The four strains used in the production of commercial 
inoculants in Brazil today can each fulfi ll the crop’s need for 
N at yields greater than 4,000 kg per ha (Vargas et al., 1992; 
Peres et al., 1993; Vargas and Hungria, 1997; Hungria et al., 
2001b). This program continues (see Table 1) with soybean 
bradyrhizobia having both a higher capacity for N2 fi xation 
and improved competitiveness already available and soon to 
be released for commercial purposes.” Address: 1. Embrapa 
Soja, Cx. Postal 231, 86001-970, Londrina, PR [Parana] 
Brazil.

2879. Manha, S.K. 2005. Production, regional distribution 
of cultivars, and agricultural aspects of soybean in India. 
In: D. Werner and W. Newton. 2005. Nitrogen Fixation 
in Agriculture, Forestry, Ecology, and the Environment. 
Dordrecht, Netherlands: Springer. xix + 347 p. See p. 43-66. 
Chapt. 4. [45 ref]
• Summary: Contents: 1. Introduction and Historical 
Background. 2. All-India Area Coverage, Productivity, and 

Production of Soybean between 1970-2003. 3. All-India 
State-wise Area Coverage, Productivity, and Production of 
Soybean. 4. Regional Distribution of Soybean Cultivars. 
5. Regional Agricultural Aspects of Soybean Cultivation. 
Acknowledgements.
 India is now the world’s fi fth largest soybean producer 
after the United States, Brazil, China, and Argentina 
(Table 1). Soybean cultivation in India started long ago 
but its successful cultivation has increased over last two 
decades. This increased cultivation has revolutionized the 
rural economy and improved the socio-economic status of 
farmers. Soybean farming made an unprecedented expansion 
in India between 1969 and 1996 when an annual growth 
rate of 15-20% was achieved. Presently, the area covered by 
soybean cultivation is around 5.7 million hectares (ha) as 
recorded for the winter 2002-03 (SOPA Report, 2002-03). 
Soybean is grown mainly in Madhya Pradesh, Maharashtra, 
Rajasthan, and in small pockets in other states, like Uttar 
Pradesh, Andhra Pradesh, Punjab, Tamil Nadu, Uttaranchal, 
Gujarat, Karnataka, and Chhattisgarh. Despite being an 
exotic crop to India, soybean occupies a vital place in its 
agriculture, edible-oil economy, and foreign exchange. 
Tiwari et al. (1994) identifi ed suitable soybean varieties 
for the non-traditional regions of India and demonstrated 
soybean to be a successful crop in northern, eastern, and 
southern regions of the country.
 “Soybean cultivation in the Indian subcontinent dates 
back to 1000 A.D. The crop was introduced from China 
through the ‘silk route’ in the Himalayan mountain ranges 
running across the Tibetan plateau and through the North-
East regions (Assam). Around the same time, the crop was 
introduced to Central India from Japan, South China and 
South-East Asia (Hymowitz and Kaizuma, 1981). Black-
seeded soybean, under the names Bhatt, Bhatmash, or 
Kalitur, has since been cultivated for many years in the 
hilly areas of Assam, Bengal, Manipur, in the hills of Khasi 
and Naga, and at 6000 ft. elevation in the Kumaun regions 
as well as the Garhwal hills (Anonymous, 1956). Hooker 
(1879) clearly described soybean in his book ‘Flora of 
British India, Vol. II’ and Williams (1932) mentioned the 
cultivation of soybean in his book ‘Flora India, Vol. II’.
 “Between the years 1885-1904, attempts were made 
to cultivate soybean at Nagpur (Maharashtra), Madras 
(Tamil Nadu), Lahore (Former Punjab of undivided India), 
Bombay, Pune (Maharashtra), and Surat (Gujarat), but 
these attempts were not encouraging. However, the work 
carried out between 1910-1935 in Madhya Pradesh, Assam, 
Orissa, Bihar, Gujarat, and Uttar Pradesh paved the way for 
successful cultivation in India (Kaltenbach and Legros, 1936; 
Kale, 1936). A varietal trial, which was comprised of 33 
varieties of Manchurian and Chinese origin, was conducted 
in 1933 and resulted in the establishment of soybean 
cultivation in Central India in 1936. Two varieties, ‘Otootan’ 
(black seeded) and ‘Easy Cook’ were promoted between 
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1935 and 1952 in addition to the country type (desi) Punjab 
white. Other varieties from the USA, viz., ‘Harbinsoy’, 
‘Chiquito’, ‘George Washington’, ‘Mammoth Yellow’, and 
‘Biloxi’ were also evaluated (Tiwari et al., 1999).
 “In India, large-scale cultivation of soybean started in 
1964, using yellow-seeded high-yielding soybean exotic 
varieties (‘Bragg’, ‘Clark-63’, and ‘Lee’) received from 
USA. They were tested at Jawaharlal Nehru Krishi Vishwa 
Vidhyalaya (JNKVV) Jabalpur, Madhya Pradesh, and almost 
concurrently at Govind Ballabh Pant (GBP) University 
of Agriculture and Technology, Pantnagar, Uttaranchal, 
under a major collaboration with the USA (Paroda, 1999). 
Subsequently, in the mid-seventies, cultivation practices that 
were suitable for Indian conditions (Saxena et al., 1971) and 
several new soybean varieties were introduced (Saxena and 
Pandey, 1971; Singh and Saxena, 1975). Since then, both the 
area cultivated and the production of soybean have increased 
until what was a marginal crop is now a major cash crop and 
is recognised as the miracle ‘golden bean’ of the 20th century 
(Singh et al., 2001).
 “2. All-India Area Coverage, Productivity, and 
Production of Soybean Between 1970-2003. Soybean has 
seen phenomenal growth in both area and production in India 
(Paroda, 1999). In 1970-71, soybean was grown on 32,000 
ha with a production of 14,000 tonnes [metric tons] and a 
productivity of 426 kg/ha. The area of soybean cultivation, 
production, and productivity has gradually increased over the 
years. In 1977-78, a six-fold increase from 32,000 to 195,000 
ha in cultivation area occurred with a thirteen-fold increase 
from 14,000 tonnes to 183,000 tonnes in production and a 
two-fold increase from 426 to 940 kg/ha in productivity. In 
1987-88, the area of soybean cultivation increased almost 
eight times, to 1,543,000 ha with a signifi cant increase 
in production, to 898,000 tonnes, however, productivity 
decreased signifi cantly to 582 kg/ha. This rapid growth in 
area of soybean cultivation continued in the next decade. In 
1997-98, the area under soybean cultivation increased to 5.99 
million ha and the yield increased to 1,079 kg/ha, resulting 
in a record production of 6.463 million tonnes (Agricultural 
Statistics at a Glance, 2001).” Address: Dep. of Botany, 
Maharshi Dayanand Saraswati Univ. of Ajmer, India.

2880. Pueppke, S.G. 2005. Nitrogen fi xation by soybean 
in North America. In: D. Werner and W. Newton. 2005. 
Nitrogen Fixation in Agriculture, Forestry, Ecology, and the 
Environment. Dordrecht, Netherlands: Springer. xix + 347 p. 
See p. 15-23. Chapt. 2. Illust. 25 cm. [40 ref]
• Summary: Contents. 1. Soybean: Pathways to North 
America and Establishment as a Crop. 2. Soybean 
Production in North America. 3. Major Soybean Cropping 
Systems. 4. Biological Nitrogen Fixation by Soybean in 
North America. 5. Perspectives. Acknowledgements.
 Fig. 1 shows a container of “an early soybean inoculant 
produced by the Hazelmere Bacteria Company in Bowling 

Green, Indiana. Adapted from Fred at al. 1932.” Address: 
College of Agricultural, Consumer and Environmental 
Sciences, Univ. of Illinois, Urbana, IL 61821.

2881. Ruiz Sainz, J.E.; Zhou, J.C.; Rodriguez-Navarro, 
D.-N.; Vinardell, J.M.; Thomas-Oates, J.E. 2005. Soybean 
cultivation and BNF [biological nitrogen fi xation] in China. 
In: D. Werner and W. Newton. 2005. Nitrogen Fixation 
in Agriculture, Forestry, Ecology, and the Environment. 
Dordrecht, Netherlands: Springer. xix + 347 p. See p. 67-87. 
Chapt. 5. [46 ref]
• Summary: Contents: 1. Summary. 2. Soybean Cultivation 
in China: Historical Aspects and Current Situation. 3. 
Nitrogen-Fixing Bacteria that Nodulate Soybean. 4. The 
Soybean Germplasm Collection in China. 5. Soybean 
in Crop Rotation and in Continuous Cultivation. 6. 
Conclusions. Acknowledgement.
 Page 85: “Most of the soybean-cropping areas of China 
contain high levels of indigenous soybean-rhizobia, which 
represent a constraint for the successful use of soybean 
inoculants.” Address: 1. Dep. of Microbiology, Faculty of 
Biology, Univ. of Sevilla, Apdo-1095, 41080-Sevilla, Spain; 
2. Dep. of Microbiology, Huazhong Agricultural Univ., Shi 
Zi Street, P.O. Box 430070, Wuhan, People’s Republic of 
China.

2882. Terakado, Junko; Fujihara, S.; Goto, S.; Kuratani, R.; 
Suzuki, Y.; Yoshida, S.; Yoneyama T. 2005. Systemic effect 
of a brassinosteroid on root nodule formation in soybean as 
revealed by the application of brassinolide and brassinazole. 
Soil Science and Plant Nutrition (Tokyo) 51(3):389-95. [25 
ref]
• Summary: “Leguminous plants form nitrogen-fi xing root 
nodules and the number of nodules is controlled by a self-
regulating mechanism called autoregulation. However, 
signaling substances involved in nodule regulation have not 
been identifi ed. In the present study, we used brassinolide, 
a most effective molecular species of plant hormone 
brassinosteroids, and brassinazole, an effective inhibitor 
of brassinosteroid biosynthesis to determine whether 
brassinolide played a role in systemic regulation of nodule 
formation in wild type soybean and its super-nodulating 
mutant.”
 “The results indicate that brassinosteroids may regulate 
the nodule number in soybean plants.”
 Note 1. Brassinolide is a growth-promoting plant 
hormone and biologically active compound. It was 
discovered in the early 1970s as a member of a new family 
of plant hormones named brassins.
 Note 2. Brassinazole is a triazole that inhibits 
brassinosteroid biosynthesis. Address: 1-2. National 
Agricultural Research Center, Tsukuba, Ibaraki, 305-8666 
Japan.
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2883. Tewari, Kaushal; Onda, M.; Ito, S.; Yamazaki, A.; 
Fujikake, H.; Ohtake, N.; Sueyoshi, K.; Takahashi. Y.; 
Ohyama, T. 2005. 15N analysis of the promotive effect of 
deep placement of slow release N fertilizers on growth and 
seed yield of soybean. Soil Science and Plant Nutrition 
(Tokyo) 51(6):885-92. [29 ref]
• Summary: “Although the world average soybean seed 
yield is about 2.27 t per ha, seed yields are much lower in 
many countries. Average soybean seed yield in Japan is less 
than 2 t per ha, although the seed yield can be sometimes 
much higher (up to 6 t per ha) in a well managed fi eld under 
favorable climatic conditions (e.g. Takahashi and Ohyama 
1999). Through extensive management under favorable 
climatic and fi eld conditions, the plants could produce 
much higher Yields (up to 7.8 t per ha in Japanese record).” 
Address: 1. Graduate School of Science and Technology, 
Niigata Univ., Niigata, 950-2181 Japan.

2884. Werner, Dietrich; Newton, William E. eds. 2005. 
Nitrogen fi xation in agriculture, forestry, ecology, and the 
environment. Dordrecht, Netherlands: Springer. xix + 347 p. 
Illust. Index. 25 cm.
• Summary: Chapters 2, 3, 4, 5 and 11, which are primarily 
about soybeans, are cited separately. Address: 1. Philipps-
University, Marburg, Germany; 2. Dep. of Biochemistry, 
Virginia Polytechnic Inst. and State University, Blacksburg, 
VA.

2885. Yashima, Hiroyuki; Fujikake, H.; Yamazaki, A.; Ito, 
S.; Sato, T.; Tewari, K.; Ohtake, N.; Sueyoshi, K.; Takahashi, 
Y.; Ohyama, T. 2005. Long-term effect of nitrate application 
from lower part of roots on nodulation and N2 fi xation in 
upper part of roots of soybean (Glycine max (L.) Merr.) in 
two-layered pot experiment. Soil Science and Plant Nutrition 
(Tokyo) 51(7):981-90. [31 ref]
• Summary: “Soybean plants require a large amount of N, 
especially during the reproductive stage, and the seed yield 
is highly correlated with the total amount of assimilated N. 
For example, 4 t of seeds [per ha] require about 350kg of N 
assimilation (Benton 2003). On the other hand, it has long 
been recognized that a high level of inorganic nitrogen, 
especially nitrate, in soil depresses nodulation and nitrogen 
fi xation in leguminous crops (Streeter 1988). Therefore, 
nitrogen fertilizer is generally not applied or only a small 
amount is supplied as starter N for supporting initial seedling 
growth.” Address: 1-4. Graduate School of Science and 
Technology, Niigata Univ., 2-8050 Ikarashi, Niigata, 950-
2181 Japan.

2886. Terakado, Junko; Yoneyama, T.; Fujihara, S. 2006. 
Shoot-applied polyamines suppress nodule formation in 
soybean (Glycine max). J. of Plant Physiology 163(5):497-
505. March 3. [33 ref]
• Summary: “In legumes, the number of root nodules is 

controlled by a mechanism called autoregulation. Recently, 
we found that the foliar brassinosteroid (BR), a plant growth-
regulating hormone, systemically regulates the nodule 
number in soybean plants. In the present study we report 
that such down-regulation of root nodule formation by a BR 
may occur through a change of the polyamine contents,...” 
Address: 1, 3. Plant Nutrition Diagnosis Lab., National 
Agricultural Research Center, Kannondai 3-1-1, Tsukuba, 
Ibaraki 305-8666, Japan.

2887. Wu, Cunxiang; Ma, Q.; Yam, K.M.; Cheung, M.Y.; 
Xu, Y. Han, T.; Lam, H.M.; Chong, K. 2006. In situ 
expression of the GmNMH7 gene is photoperiod-dependent 
in a unique soybean (Glycine max [L.] Merr.) fl owering 
reversion system. Planta 223(4):725-735. March. [23 ref]
• Summary: “Soybean is a short-day plant and its fl owering 
process can be reversed when switching from short-day to 
long-day conditions... To demonstrate the application of 
this system, we studied the patterns of in situ expression 
of the GmNMH7 gene during fl owering development and 
reversion...” Moreover, the expression pattern of this gene in 
root nodules was also found to be regulated by photoperiod. 
Address: 1-2. National Soybean Improvement Sub-center, 
Inst. of Crop Sciences, The Chinese Academy of Agricultural 
Sciences, 12 Zhongguancun South Street, Haidian District, 
Beijing 100081 China.

2888. Ito, Sayuri; Ohtake, N.; Sueyoshi, K.; Ohyama, 
T. 2006. Allocation of photosynthetic products in 
hypernodulation mutant of soybean NOD1-3 in the early 
stages of nodule formation. Niigata Daigaku Nogakubu 
Kenkyu Hokoku (Bulletin of the Faculty of Agriculture, 
Niigata University) 59(1):33-38. Aug. [10 ref. Eng; jap]
• Summary: “About 7-8 days after inoculation, nodules 
initially appear on the roots.”
 Since the mid-1980s. “hypernodulation mutants of 
soybean have been isolated from several soybean cultivars 
following chemical mutagenesis (Carroll et al. 1985,...).” 
Address: Faculty of Agriculture, Niigata Univ., Niigata, 
Japan.

2889. Ito, Sayuri; Ohtake, N.; Sueyoshi, K.; Ohyama, T. 
2006. Comparison of initial growth of hypernodulation 
soybean mutants, NOD1-3, NOD2-4 and NOD3-7, and their 
parent cv. Williams. Niigata Daigaku Nogakubu Kenkyu 
Hokoku (Bulletin of the Faculty of Agriculture, Niigata 
University) 59(1):39-43. Aug. [13 ref. Eng; jap]
• Summary: The “number of nodules is strictly regulated 
by the host plant, because an excess number of nodules may 
be deleterious due to competition of photosynthates. That 
negative regulation system is referred to as the autoregulation 
of nodulation (Caetano-Annoles and Gresshoff 1991). Host 
plants seem to suppress excess nodulation systemically 
through communications between shoots and roots, by 
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using unknown signal molecules...” Address: Faculty of 
Agriculture, Niigata Univ., Niigata, Japan.

2890. Vanlauwe, Bernard; Giller, K.E. 2006. Popular myths 
around soil fertility management in sub-Saharan Africa. 
Agriculture, Ecosystems and Environment 116(1-2):34-46. 
Aug. [69 ref]
• Summary: Contents: Abstract. 1. Introduction. 2. Myths 
surrounding nutrient balances (Nutrient balance studies 
of smallholders in Africa have been given considerable 
attention since the early 1990s): 2.1. Myth: nutrient balances 
are always negative. 2.2. Myth: nutrient balances can be used 
to derive crop fertilizer requirements.
 3. Myths surrounding fertilizers; 3.1. Myth: fertilizers 
damage the soil (and make smallholders dependent on 
countries in the North). 3.2. Myth: fertilizers are not used 
in Africa as they are too expensive. 3.3. Myth: fertilizer 
recommendations are a useful tool in disseminating 
information regarding fertilizer use to small-scale farmers. 
3.4. Myth: fertilizers cause eutrophication in Africa (No. The 
main problem in Africa is nutrient shortage).
 4. Myths surrounding rock phosphate (“Vast areas of 
SSA experience moderate to acute phosphorus defi ciency, 
which is for most regions the second most important plant 
nutrient after nitrogen”): 4.1. Myth: adding rock phosphate 
(RP) to compost increases its short term phosphorus (P) 
availability.
 5. Myths surrounding organic inputs: 5.1. Myth: organic 
inputs can sustain crop production. 5.2. Myth: organic inputs 
decrease pest and disease attack.
 6. Myths surrounding legumes: 6.1. Myth: all legumes 
fi x nitrogen. 6.2. Myth: all legumes have a specifi c need for 
inoculation (“Varieties of soyabean from Asia (Thompson 
et al., 1991), or those which have been through only a few 
selection cycles from Asian parental genotypes (Mpepereki 
et al., 2000) are able to nodulate with indigenous rhizobia 
in soils where they have never been grown and do not need 
inoculation. A breeding programme at IITA in Nigeria has 
been successful in re-introducing the ability to nodulate with 
indigenous rhizobial populations (Kueneman et al., 1984; 
Sanginga et al., 1996”)). 6.3. Myth: legumes are a source of 
free nitrogen. 6.4. Myth: growing legumes always leads to 
improvement in soil fertility.
 7. Concluding remarks.
 It remains unclear whether the cultivation of grain 
legumes, such as soybean, results in a net drain or gain of N 
in cropping systems. Address: 1. Tropical Soil Biology and 
Fertility Institute of the International Centre for Tropical 
Agriculture (TSBF-CIAT), P.O. Box 30677, Nairobi, 
Kenya; 2. Plant Production Systems, Department of Plant 
Sciences, Wageningen University, P.O. Box 430, 6700 AK 
Wageningen, The Netherlands.

2891. Willems, Anne. 2006. The taxonomy of rhizobia: an 

overview. Plant and Soil 287(1/2):3-14. Sept. [104 ref]
• Summary: An extremely interesting article with an 
excellent history. “Introduction: The term ‘rhizobia’, in the 
strictest sense, refers to members of the genus Rhizobium. 
Over the years, however, the term has come to be used for 
all the bacteria that are capable of nodulation and nitrogen 
fi xation in association with legumes and that belong to a 
genus that was at one time part of the genus Rhizobium or 
closely related to it.”
 Chronology:
 1888–Beijerinck reported isolation of the root-nodule 
bacteria and established that they were responsible for 
the process of nitrogen fi xation. He named these bacteria 
Bacillus radicicola (Beijerinck 1888).
 1889–Frank changed the genus name to Rhizobium with 
originally just one species, R. leguminosarum (Frank 1889).
 1960s early–Bacteriologists started using a large 
diversity of morphological, nutritional and metabolic 
characters (Graham 1964; Moffet and Colwell 1968; 
‘tMannetje 1967), as well as serology (Graham 1963; 
Vincent & Humphrey 1970) and simple DNA characteristics 
(De Ley and Rassel 1965) in numerical taxonomy studies. 
This demonstrated the relatedness of Rhizobium and 
Agrobacterium and led to a clear distinction between the 
fast and the slow growing rhizobia (Graham 1964), with 
the latter group subsequently placed in a separate genus, 
Bradyrhizobium (Jordan 1982).
 1980s on–With “the introduction of more genetic 
characteristics (DNA-DNA and DNA-rRNA hybridizations, 
rRNA catalogues, rDNA sequencing) more diversity was 
discovered among the rhizobia and their relationships 
with other groups of bacteria became apparent. This led 
to a gradual increase in the number of genera (Table 1). In 
parallel, there has also been a signifi cant increase in the 
number of validly published species (Table 1), with 48 
species of rhizobia now recognized.
 “Two main reasons for the number of genera and species 
are: (1) Many different legume species have now been 
studied.” Original research emphasized legumes that were 
important food and pasture species crops, mostly from the 
Western world. (2) The ongoing evolution and sophistication 
of taxonomic research. Address: Laboratory of Microbiology 
(WE10), Faculty of Sciences, Ghent University, 
Ledeganckstraat 35, B-9000, Ghent, Belgium.

2892. Makanda, I.; Tongoona, P.; Chiduza, C.; Kondowe, 
M. 2006. Morphological diversity and agronomic evaluation 
of promiscuous varieties of soyabean. African Crop Science 
Journal 14(4):311-17. Dec. [13 ref. Eng; fre]
• Summary: “Promiscuous varieties have the potential to 
increase soyabean... production of resource poor farmers 
who cannot afford artifi cial inoculum. Some varieties 
grown by smallholders are known to be promiscuous but 
their yields are reported to have declined overtime, yet 
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researchers questions their purity. It is suspected that these 
varieties are made up of mixtures of genotypes with varying 
nodulation capacities. A study was carried out to quantify 
diversity in two promiscuous varieties, Local, and A&11 
using morphological markers to initiate mass selection to 
reconstitute the original varieties. Eight Phenotipic Groups 
(PGs) were identifi ed in the variety Local mainly based on 
days to fl owering, growth habit and fl ower colour, whereas 
in the variety A&11, days to fl owering, number of primary 
branches, and response to rust infection revealed seven PGs.
 “A second study evaluated the agronomic performance 
of the PGs in comparison with a specifi cally nodulating 
commercial variety Storm. Five of the PGs identifi ed in 
A711 had signifi cantly (P<0.01) higher grain yield than 
the commercial standard. All eight PGs identifi ed in Local 
yielded the same as the commercial standard.” Address: 1. 
Dep. of Crop Science, Univ. of Zimbabwe, MP 167, Mt. 
Pleasant, Harare, Zimbabwe.

2893. Tewari, Kaushal; Onda, M.; Ito, S.; Yamazaki, A.; 
Fujikake, H.; Ohtake, N.; Sueyoshi, K.; Takahashi, Y.; 
Ohyama, T. 2006. Effect of deep placement of slow release 
fertilizer (lime nitrogen) applied at different rates on growth, 
N2 fi xation and yield of soybean (Glycine max [L.] Merr.). 
J. of Agronomy and Crop Science–Zeitschrift fuer Acker- und 
Pfl anzenbau 192(6):417-26. Dec. [35 ref]
• Summary: “A new fertilization method with deep 
placement of slow-release N fertilizers, such as coated urea 
and lime nitrogen (LN) (calcium cyanamide) at 20 cm depth 
was found to promote soy bean seed yield. In the present 
study, the effect of deep placement of LN was investigated 
on different parameters such as growth, N accumulation, 
N2 fi xation activity and yield of soy bean by applying LN at 
different rates in the rotated paddy fi eld of Niigata, Japan.”
 “Takahashi et al. (1991a, 1992) developed a new 
fertilization technique for soy bean with deep placement of 
slow-release N fertilizer and coated urea, CU-100 (100-day 
type coated urea produced by Chisso Co., Tokyo, Japan), 
to supplement N during the seed-fi lling stage without 
concomitant depression of N2 fi xation.” Address: Faculty of 
Agriculture, Niigata Univ., Ikarashi, Japan.

2894. Sarkodie-Addo, Joseph; Adu-Dapaah, H.K.; Ewusi-
Mensah, N.; Asare, E. 2006. Evaluation of medium maturing 
soybean lines for their nitrogen fi xation potentials. J. of 
Science and Technology 26(2):34-39. *
• Summary: The soybean is a legume that can meet its 
nitrogen needs by symbiotic relationship with nitrogen 
fi xing bacteria of the species Bradyrhizobia japonicum from 
atmospheric nitrogen.

2895. Giller, K.E.; Dashiell, K.E. 2006. Glycine max (L.) 
Merr. In: M. Brink, G. Belay, eds. Plant Resources of 
Tropical Africa. 1. Cereals and Pulses. PROTA Foundation, 

Wageningen, Netherlands/Backhuys Publishers, Leiden, 
Netherlands/CTA, Wageningen, Netherlands. 297 p. See p. 
76-82. Literature on p. 242-288. Illust. 24 cm. [28 soy ref]
• Summary: Contents: Protologue. Family. Chromosome 
number, Synonyms. Vernacular names. Origin and 
geographic distribution. Uses. Production and international 
trade. Properties. Description. Other botanical information. 
Growth and development. Ecology. Propagation and 
planting. Management. Diseases and pests. Harvesting. 
Yield. Handling after harvest. Genetic resources. Breeding. 
Prospects. Major references. Other references. Sources of 
Illustration. A map (p. 76) shows where Glycine max is 
planted in Africa.
 Page 76. The soybean may have been introduced to 
Sub-Saharan Africa in the 19th century by Chinese traders 
along the east coast of Africa (no source is given). Soybean 
was fi rst cultivated in Tanzania in 1907 and Malawi in 1909. 
Today, soybean is widely cultivated in tropical, subtropical 
and temperate regions worldwide. “The slow distribution 
outside of Asia can be explained by the absence of soyabean 
specifi c rhizobia in the soils of other regions; the crop only 
developed in the United States at the beginning of the 20th 
century, following the discovery of the nodulation process by 
scientists.”
 An interesting section (p. 76) discusses uses in Tropical 
Africa. Address: 1. Plant Production Systems, Department 
of Plant Sciences, Wageningen University, P.O. Box 430, 
6700 AK Wageningen, Netherlands; 2. USDA-ARS Northern 
Grains Insect Research Laboratory, 2923 Medary Avenue, 
Brookings SD 57006, USA.

2896. Ito, Sayuri; Ohtake, N.; Sueyoshi, K.; Ohyama, T. 
2006. Allocation of photosynthetic products in soybean 
during the early stages of nodule formation. Soil Science and 
Plant Nutrition (Tokyo) 52(4):438-43. [16 ref]
• Summary: “A time-course study examining the current 
photosynthate allocation of soybean (Glycine max [L.] Merr.) 
cv. Williams was conducted in relation to nodule initiation. 
Whole shoots were exposed to 14CO2 for 120 min and the 
distribution of radioactivity in each organ was determined.” 
Address: 1. Graduate School of Science and Technology, 
Niigata Univ., 2-8050 Ikarashi, Niigata 950-2181, Japan.

2897. Takahashi, Yoshihiko; Ohtake, N.; Hattori, M.; 
Nagumo, Y.; Ohyama, T. 2006. Effect of basal side-dressing 
of various types of coated urea fertilizer on shoot growth, 
yield components and seed composition of soybean (Glycine 
max (L.) Merr.). Soil Science and Plant Nutrition (Tokyo) 
52(3):264-73. [21 ref]
• Summary: “Abstract: Application of nitrogen (N) fertilizer 
at different times affected the shoot characters, yield 
components and seed composition of the soybean cultivar 
‘Enrei’ and its non-nodulating line ‘En1282’. Soybean plants 
were cultivated using various types of coated urea fertilizers 
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for controlled released of N.” Address: 1-2. Faculty of 
Agriculture, Niigata Univ., Ikarashi 950-2181, Japan.

2898. Tewari, Kaushal; Onda, M.; Ito, S.; Yamazaki, A.; 
Fujikake, H.; Ohtake, N.; Sueyoshi, K.; Takahashi. Y.; 
Nagumo, Y.; Tsuchida, T.; Ohyama, T. 2006. Comparison 
of the depth of placement of lime nitrogen on growth, N2 
fi xation activity, seed yield and quality of soybean (Glycine 
max (L.) Merr.) plants. Soil Science and Plant Nutrition 
(Tokyo) 52(4):453-63. [37 ref]
• Summary: “The visual quality of harvested seeds showed 
that lime nitrogen (20 cm depth and 100 kg N per ha) 
enhanced the quality of seeds compared with the other 
treatments, in which the good quality seeds (hereafter 
referred to as “good seeds”) based on dry weight were 24 g 
per plant (control), 37 g per plant (D10), 33 g per plant (D15) 
and 45 g per plant (D20). Thus, it appears that N fertilization 
management with particular reference to the depth of 
fertilizer placement is important for maximum yield and 
enhancement of seed quality of soybean.” Address: 1, 3-4. 
Graduate School of Science and Technology, Niigata Univ., 
Niigata 950-2181, Japan.

2899. Ojo, David K.; Amira, J.O.; Oduwaye, O.A. 2007. 
Genetic variability for biological nitrogen fi xation traits 
in tropical soybeans [Glycine max (L) Merr]. Nature and 
Science 5(1):69-74. March 30. [17 ref]
• Summary: “Abstract: Twenty fi ve soybean (Glycine 
max (L) Merrill) genotypes were sown at the Teaching 
and Research Farm of UNAAB in Nigeria during the late 
planting season in year 2004 to obtain data for grain yield 
and seven Biological Nitrogen Fixation (BNF) traits. The 
data were subjected to analysis of variance (ANOVA) and 
were later used in the computation of heritability estimates 
for grain weight, days to fl ower, nodulation rating, days 
to maturity, number of nodules, nodule weight, primary 
root length and number of secondary roots. Varieties were 
observed to be genotypically diverse with respect to the 
traits evaluated. Large genotypic and phenotypic variations 
were also observed for the characters. Nodule number and 
nodule weight that had positive and signifi cant association 
with nodulation rating, with relatively high broad-sense 
heritability estimates were adjudged as possible selection 
criteria for genetic improvement for BNF. Genotype TGx 
1921-2F was identifi ed as the only genotype that has the 
potentials for genetic manipulation of host plant for the 
improvement of soil nitrogen among the genotypes that 
were evaluated.” Address: Dep. of Plant Breeding and Seed 
Technology, Univ. of Agriculture, Abeokuta, Nigeria.

2900. Sato, Shusei; Nakamura, Y.; Asamizu, E.; Isobe, S.; 
Tabata, S. 2007. Genome sequencing and genome resources 
in model legumes. Plant Physiology 144(2):588-93. June. 
[50 ref]

• Summary: Note: Soybean is mentioned 6 times in 
this article, which begins: “Since the completion of the 
sequencing of the Arabidopsis (Arabidopsis thaliana) 
genome in 2000, it has become clear that information about 
the genome of a particular plant species can have dramatic 
benefi ts in promoting plant molecular genetics in general. To 
create a similar situation in legumes, two species with small 
genomes, Lotus japonicus (Japanese trefoil) and Medicago 
truncatula (barrel medic), with diploid genomes of 470 to 
500 Mb in size, were chosen as references, and genome 
sequencing was launched at the beginning of this decade 
(Young et al., 2005).”
 Pages 590-91: “As the genome projects of the two 
model legumes have advanced, material resources, such 
as a large number of cDNA clones and genomic libraries, 
have been developed. These resources constitute extremely 
valuable tools for genetic and physiological studies on 
individual biological phenomena when they are made 
available to the research community.
 “Miyazaki University has established a resource center 
for Lotus japonicus and soybean (Glycine max) that is 
fi nancially supported by the National Bioresource Project of 
Japan. They distribute TAC/BAC genomic and cDNA clones 
generated during the course of Lotus genome analysis, as 
well as seeds of major experimental accessions and wild 
accessions collected from all over Japan. LegumeBase 
(http://www.legumebase.agr.miyazaki-u. ac.jp) provides a 
list of resources and detailed information.”
 Note: Lotus japonicus is a wild legume that belongs to 
family Fabaceae. Members of this family are very diverse, 
constituting about 20,000 species. They are of signifi cant 
agricultural and biological importance as many of the 
legume species are rich sources of protein and oil and can 
also fi x atmospheric nitrogen. L. japonicus has become a 
model plant for genome studies in legumes, particularly in 
reference to rhizobial and arbuscular mycorrhizal symbiosis. 
Small genome size of about 470 Mb, diploid genome with 
6 haploid chromosomes, a short life cycle of about 2 to 3 
months and its perennial nature makes it a convenient plant 
to study (Source: Wikipedia, Oct. 2018).
 “As an example of the extension of synteny analysis for 
the development of applications, a fi ne genetic map around a 
region of a virus-resistance gene (Rsv4) in soybean has been 
constructed using DNA markers generated by comparison of 
the genome sequences of soybean and L. japonicus.
 For information on sequencing the soybean genome see: 
(http://www.energy.gov/news/2979.htm). Address: Kazusa 
DNA Research Inst., Kisarazu, Chiba 292-0818 Japan.

2901. Meixner, Claudia; Vegvari, G.; Ludwig-Muller, J.; 
Gagnon, H.; Steinkellner, S.; Staaehelin, C.; Gresshoff, P.; 
Vierheilig, H. 2007. Two defi ned alleles of the LRR receptor 
kinase GmNARK in supernodulating soybean govern 
differing autoregulation of mycorrhization. Physiologia 
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Plantarum 130(2):261-70. June. [54 ref]
• Summary: “Plants regulate the extent of nodulation and 
root colonization by arbuscular mycorrhizal fungi (AMF), a 
phenomenon named autoregulation of symbiosis.” Address: 
Institut fuer Pfl anzenschutz (DAPP), Universitaet fuer 
Bodenkultur Wien, A-1190 Wien, Austria.

2902. Pereira, Alan Alves; Hungria, M.; Franchini, J.C.; 
Kaschuk, G.; Oliveira Chueire, L.M.D.; Campo, R.J.; Torres, 
E. 2007. Variacoes qualitativas e quantitativas na microbiota 
do solo e na fi xacao biologica do nitrogenio sob diferentes 
manejos com soja [Qualitative and quantitative changes 
in soil microbiota and biological nitrogen fi xation under 
different soybean managements]. Revista Brasileira de 
Ciência do Solo 31(6):1397-1412 [68 ref. Por; eng]
• Summary: “Treatments were a combination of a crop 
sequence (S) (soybean/wheat) and a crop rotation ® (lupin/
maize/black oat/soybean/wheat/soybean/wheat/soybean), 
either under conventional tillage (CT) or no-tillage (NT)... 
Amounts of microbial biomass carbon and nitrogen (MB-C 
and MB-N, respectively) were 114% and 157% higher in NT 
than in CT.” Address: Embrapa Soja, Caixa Postal 231, CEP 
86001-970 Londrina (PR) [Brazil].

2903. IITA. 2007. Annual report 2007. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 104 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-
Report-2007-full-version.pdf [65+ ref]
• Summary: Soy is mentioned 40 times in this annual report. 
The section on soybean is on pages 14-15.
 “In Africa, soybean is grown on about a million ha 
with an average annual production of one million tons. The 
countries with considerable area under soybean production 
include Nigeria, Uganda, South Africa, Zimbabwe, Rwanda, 
DRC [Congo], Zambia, and Malawi. In comparison to Asia 
and North America, soybean is a relatively new crop to 
tropical Africa. The production and utilization of soybean has 
expanded nearly 10-fold in Nigeria over the past 10-15 years. 
Major expansions have also been observed in Bénin, Côte 
d’Ivoire, Ghana, Togo, Uganda, and Zambia attributed, in 
part, to the crop’s high protein content (40%), and our efforts 
to disseminate suitable varieties and appropriate production 
and utilization methods.
 “In 2007, our work on soybean focused on improving 
traits such as maximizing nitrogen fi xation and optimizing 
the production of stover, tolerance to phosphorus defi ciency, 
resistance to major diseases, podshattering and lodging, 
tolerance to drought, and capacity to stimulate the 
germination of witchweed (Striga hermonthica) seeds while 
maintaining promiscuous nodulation and improved seed 
longevity. We developed varieties that combined these traits 
with other desirable agronomic features, specifi cally high 
and stable grain yields that add nitrogen and organic matter 
to the soil. Also, the high stover yields are a source of feed 

for livestock especially during the dry season. Farmers have 
expressed a preference for varieties with large seeds and 
cream color and these traits are also being incorporated into 
breeding lines.
 “From 2001-2007, we produced three new soybean 
lines that could fi x 10% more nitrogen than the current 
best widely grown variety. This is in line with our breeding 
strategy that focuses on developing lines that are capable of 
nodulation with native rhizobia, thus eliminating the need for 
inoculation with commercial rhizobia at the time of planting.
 “An important trait that has been incorporated into our 
soybean breeding lines is the increased capacity to stimulate 
the germination of witchweed seeds, thereby contributing to 
their depletion in the soil. In 2007, we evaluated 209 soybean 
lines for this trait. Two lines stimulated 31% germination 
of witchweed seeds. The best soybean line screened for this 
trait caused 36% suicidal germination.
 “This year, we initiated variability studies of the rust 
pathogen and developed effi cient and rapid methods to 
evaluate soybean lines for rust resistance. These studies were 
based on an earlier survey concluded in 2006 that mapped 
the geographical distribution of soybean rust (Phakpsora 
pachyrhizi) in Nigeria. These surveys have shown that areas 
affected by rust have been expanding.
 “Local varieties and released cultivars in Nigeria are 
susceptible to the Asian soybean rust, which has been present 
in the country since 1999. In 2006, the disease was recorded 
for the fi rst time in the DRC and Ghana, but was still absent 
in Bénin and Sierra Leone. To control the further spread and 
to minimize the adverse effects of this disease, we initiated 
in 2007 a collaborative project with USDA-ARS at the 
University of Illinois to develop lines resistant to soybean 
rust. So far, we have received 100 soybean accessions 
for rust resistance screening in Nigeria. After repeated 
evaluation both on-station and on-farm, we identifi ed several 
rust-resistant accessions, with two currently being used in 
our rust resistance breeding program. This year we also 
continued research to determine the genetic diversity in the 
Nigerian rust population.” Address: PMB 5320, Oyo Road, 
Ibadan, Nigeria.

2904. Coyne, D.L.; Oyekanmi, E.O. 2007. Symbiotic 
nitrogen fi xation of two soybean genotypes as affected by 
root-knot nematode and microsymbionts. J. of Biological 
Sciences (The) 7(7):1221-26. [20 ref]
• Summary: “Abstract: The ability of soybean to 
symbiotically fi x Nitrogen (N) was found to be substantially 
reduced (p ó 0.05), after inoculation with root-knot 
nematode (Meloidogyne incognita).” Address: 1. Inst. of 
Tropical Agriculture, Ibadan, Nigeria; 2. Dep. of Botany and 
Microbiology, Univ. of Ibadan, Nigeria.

2905. Ito, Sayuri; Ohtake, N.; Sueyoshi, K.; Ohyama, T. 
2007. Characteristics of initial growth of hypernodulation 
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soybean mutants, NOD1-3, NOD2-4 and NOD3-7, affected 
by inoculation of bradyrhizobia and nitrate supply. Soil 
Science and Plant Nutrition (Tokyo) 53(1):66-71. [20 ref]
• Summary: “The characteristics of plant growth of 
hypernodulation soybean mutant lines NOD1-3, NOD2-4 
and NOD3-7 were compared with their parent cv. Williams. 
The plants were grown using hydroponics in an illuminated 
growth chamber with or without seed inoculation of 
bradyrhizobia, and in the absence or presence of nitrate in 
the culture solution. When the plants were grown without 
inoculation, the total dry weight of all mutant lines was not 
different statistically from Williams, both in the absence and 
presence of nitrate. When they were grown with inoculation 
of bradyrhizobia, however, the total dry weight of each 
mutant line was signifi cantly lower than that of Williams, 
both in the absence and presence of nitrate.” Address: 1. 
Graduate School of Science and Technology, Niigata Univ., 
Niigata 950-2181, Japan.

2906. Tewari, Kaushal; Sato, T.; Abiko, M.; Ohtake, N.; 
Sueyoshi, K.; Takahashi, Y.; Nagumo, Y.; Tsuchida, T.; 
Ohyama, T. 2007. Analysis of the nitrogen nutrition of 
soybean plants with deep placement of coated urea and lime 
nitrogen. Soil Science and Plant Nutrition (Tokyo) 53(6):772-
81. [31 ref]
• Summary: “Abstract: In the present study, the effect and 
utilization of deep placement 15N-labeled coated urea (CU) 
and lime nitrogen (LN) were investigated at various growth 
stages of soybean (Glycine max [L.]). Soybean (cv. Enrei) 
plants were planted in a rotated paddy fi eld in Niigata, 
Japan. 15N-labeled CU or LN (100 kg N per ha) was supplied 
separately at a depth of 20 cm just below the seeding line. 
Deep placement of LN and CU signifi cantly enhanced the 
dry weight and N content of the plants compared with the 
control treatment (Cont) without deep placement.” Address: 
1-6. Faculty of Agriculture, Niigata University, Niigata 950-
2181, Japan.

2907. Salvagiotti, F.; Cassman, K.G.; Specht, J.E.; Walters, 
D.T.; Weiss, A.; Dobermann, A. 2008. Nitrogen uptake, 
fi xation and response to fertilizer N in soybeans: a review. 
Field Crops Research (Amsterdam) 108(1):1-13. July 11. 
[158 ref]
• Summary: “Abstract: Although relationships among 
soybean seed yield, nitrogen (N) uptake, biological 
N2 fi xation (BNF), and response to N fertilization 
have received considerable coverage in the scientifi c 
literature, a comprehensive summary and interpretation 
of these interactions with specifi c emphasis on high yield 
environments is lacking. Six hundred and thirty-seven data 
sets (site-year-treatment combinations) were analyzed from 
fi eld studies that had examined these variables and had been 
published in refereed journals from 1966 to 2006.”
 To achieve their high yield potential, soybeans must 

sustain high rates of photosynthesis and accumulate large 
amounts of nitrogen (N) in their seeds. Address: 1-3, 5. Dep. 
of Agronomy and Horticulture, Univ. of Nebraska-Lincoln, 
P.O. Box 830915, Lincoln, NE 68583-0915.

2908. Yang, Jiang Ke; Zhou, J.C. 2008. Diversity, phylogeny 
and host specifi city of soybean and peanut bradyrhizobia. 
Biology and Fertility of Soils 44(6):843-51. July. [35 ref]
• Summary: “Abstract: A study on the diversity, phylogeny, 
and host specifi city of soybean (Glycine max L.) and peanut 
(Arachis hypogaea L.) bradyrhizobia was conducted based 
on the 16S ribosomal RNA (rRNA) restriction fragment 
length polymorphisms (RFLPs), 16S rRNA sequencing, 
and 16S-23S rRNA intergenetic spacer (IGS) RFLP assays. 
Based on 16S rRNA RFLP assay, tested bradyrhizobia were 
divided into fi ve genotypes, which could be further clustered 
into fi ve groups by IGS RFLP assays.”
 Fig. 3: Dendrogram generated from the 16S-23S 
IGS RFLP patterns of the soybean bradyrhizobia and the 
references grouped by UPGMA. The broken line indicates 
the 80% similarity. Address: College of Life Science 
and Technology, Huazhong University of Science and 
Technology, Wuhan 430074, China.

2909. Appunu, Chinnaswamy; N’Zoue, A.; Laguerre, G. 
2008. Genetic diversity of native bradyrhizobia isolated 
from soybeans (Glycine max L.) in different agricultural-
ecological-climatic regions of India. Applied and 
Environmental Microbiology 74(19):5991-96. Oct. [33 ref]
• Summary: “Fifty isolates from root nodules of soybean 
plants sampled in fi ve agricultural-ecological-climatic 
regions of India were analyzed by PCR-restriction fragment 
length polymorphism analysis of the 16S rRNA gene, the 
intergenic spacer region between the 16S and 23S rRNA 
genes (IGS), and the nifH and nodC genes.” Address: 
1. Microbial Genetics Lab., Dep. of Genetics and Plant 
Breeding, Institute of Agricultural Sciences, Banaras Hindu 
Univ., Varanasi 221 005, India.

2910. Franke, A.C.; Laberge, G.; Oyewole, B.D.; Schulz, 
S. 2008. A comparison between legume technologies and 
fallow, and their effects on maize and soil traits, in two 
distinct environments of the West African savannah. Nutrient 
Cycling in Agroecosystems 82(2):117-35. Oct. [58 ref]
• Summary: Soy is mentioned 83 times in this article.
 “In Zaria, maize following dual-purpose soybean 
achieved the highest mean yield. At both sites, variation 
in above-ground N and P dynamics of the legume and 
fallow vegetation could only partly explain the different 
residual effects on maize.” Address: 1. Dep. of Agrosystems 
Research, Plant Research International, Wageningen 
University and Research Centre, P.O. Box 16, Wageningen 
6700 AA, The Netherlands; 2. Univ. of Copenhagen, 
Taastrup, Denmark.
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2911. Wei, M.; Yokoyama, T.; ,Minamisawa, K.; Mitsui, H.; 
Itakura, M.; et al. 2008. Soybean seed extracts preferentially 
express genomic loci of Bradyrhizobium japonicum in the 
initial interaction with soybean. DNA Research 15:201-14. *

2912. Dakora, Felix D.; Chimphango, S.B.M.; Valentine, 
A.J.; Elmerich, C.; Newton, W.E. eds. 2008. Biological 
nitrogen fi xation: towards poverty alleviation through 
sustainable agriculture: proceedings of the 15th International 
Nitrogen Fixation Congress and the 12th International 
Conference of the African Association for Biological 
Nitrogen Fixation. Dordrecht, Netherlands: Springer Science 
+ Business Media, B.V. xxix + 392 p. Illust. Author index. 
25 cm. Series: Current Plant Science and Biotechnology in 
Agriculture, vol. 42.
• Summary: See next page. The following chapters are about 
soybeans and nitrogen fi xation:
 Page 33+: “Biological nitrogen fi xation with the soybean 
and common bean crops in the tropics,” by M. Hungria, 
R.J. Campo, F.G. Barcellos, L.M.O. Chueire, P. Menna, 
J.S. Batista, F.G.S. Pinto, D.R. Binde, L.P. Godov and A.A. 
Pereira.
 Page 61+: “Evaluation of seed and liquid inoculation on 
biological nitrogen fi xation and grain yield of soybean,” by 
A.D.C. Chilimba.
 Page 89+: “Mechanism of quick and reversible 
inhibition of soybean nodule growth and nitrogen fi xation 
activity by nitrate and its metabolites,” by T. Ohyama, A. 
Yantazaki. N. Yamashita, T. Kimura, S. Ito, N. Ohtake and K. 
Sueyoshi.
 Page 91+: Inhibition of symbiotic nitrogen fi xation 
by dark chilling in soybean,” by P.D.R. van Heerden, U. 
Schlüter, P.W. Mokwala, K. Kuneri and C.H. Foyer.
 Page 113+: “Distribution of promiscuous soyabean 
rhizobia in some Zimbabwean soils,” by J.S. Mukutiri, S. 
Mpepereki, and F. Makonese.
 Page 181+: “Functional genomics of soybean root-hair 
infection,” by G. Stacey, L. Brechenmacher, M. Libault and 
S. Sachdev.
 Page 193+: “Comparison of leaf growth of 
hypernodulation soybean mutants, NOD1-3, NOD2-4 and 
NOD3-7, with their parent cv. Williams,” by S. Ito, N. 
Ohtake, K. Sueyoshi and T. Ohyama.
 Page 207+: “Effects of the overexpression of a soybean 
cytosolic glutamine synthetase gene (GS15) linked to organ-
specifi c promotors on growth and nitrogen accumulation of 
pea plants,” by J.K. Vessey, H. Fei, S. Chaillou, B. Hirel, P. 
Polowick and J.D. Mahon.
 Page 227+: “Proteomic analysis of secreted proteins 
of Glycine max and Medicago spp.,” by M.A. Djordjevic, 
M. Oakes, L. Kusumawati, G. Hocart, C. McKinlay, C.-H. 
Hwang, D. Li and P.M. Gresshoff.
 Page 299+: “Transcriptional profi le of Bradyrhizobium 

elkanii SEMIA 587 in symbiosis with soybean (Glycine max 
L. Merrill) analyzed by DNA microarray,” by J. Marcondes, 
M. Cantao, L.M.C. Alves and E.G.M. Lemos.
 Chapter 3 (p. 19+) is about “Plant growth-promoting 
diazotrophs.”
 “Diazotrophs are bacteria and archaea that fi x 
atmospheric nitrogen gas into a more usable form such as 
ammonia.
 “A diazotroph is a microorganism that is able to grow 
without external sources of fi xed nitrogen. Examples 
of organisms that do this are rhizobia and Frankia (in 
symbiosis) and Azospirillum. All diazotrophs contain iron-
molybdenum or -vanadium nitrogenase systems. Two of the 
most studied systems are those of Klebsiella pneumoniae 
and Azotobacter vinelandii. These systems are used because 
of their genetic tractability and their fast growth” (Source: 
Wikipedia at diazotroph Sept. 2018).
 Page. xxv: “This volume is dedicated to the memory 
of Edgar DaSilva, former Director of the Division of Life 
Sciences at UNESCO, in recognition of his long-term 
interest in biological nitrogen fi xation.” A small portrait 
photo shows DaSilva (1941-2007). Address: 1. Cape Town 
Peninsula University of Technology, Cape Town South 
Africa.

2913. Nautiyal, Chandra Shekar; Dion, Patrice. eds. 2008. 
Molecular mechanisms of plant and microbe coexistence. 
Berlin: Springer. xix + 483 p. Foreword by V.L. Chopra. 
Illust. Index. 25 cm. Series: Soil Biology, v. 15.
• Summary: See next page. Soybeans are mentioned on 
pages 293 and 295 in the section on nod genes. Table 
12.1 shows “Compounds produced by different legumes 
that induce nodulation genes in their respective rhizobial 
partner.” In soybeans, these compounds are isofl avonoids, 
and this function was apparently fi rst reported by Kosslak et 
al. in 1987, and elaborated on by Smit at al, in 1992.
 The Foreword of this excellent book begins: 
“Coexistence between microorganisms and plants has 
moulded civilization from the time humans began to rely 
extensively on cultivated crops for food.” It is becoming 
increasingly clear that microorganisms are the basis of the 
biosphere, and that the interactions between plant roots and 
soil microorganisms are remarkably complex. Address: 1. 
Lucknow, India; 2. Quebec City, Canada.

2914. Laberge, G.; Franke, A.C.; Ambus, P.; Hogh-Jensen, 
H. 2009. Nitrogen rhizodeposition from soybean (Glycine 
max) and its impact on nutrient budgets in two contrasting 
environments of the Guinean savannah zone of Nigeria. 
Nutrient Cycling in Agroecosystems 84(1):49-58. May. [35 
ref]
• Summary: “Abstract: Nitrogen (N) rhizodeposition by 
grain legumes such as soybean is potentially a large but 
neglected source of N in cropping systems of Sub-Saharan 
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Africa.”
 “Taking rhizodeposited pools into account led to N 
budgets close to zero when all residues were removed. If 
residues were left in the fi eld or recycled as manure after 
being fed to steers, soybean cultivation led to positive N 
budgets of up to +95 kg N per ha. The role and potential of 
grain legumes as N purveyors have been underestimated 
in the past by neglecting the N contained in their 
rhizodeposits.”
 Note: “The rhizosphere is the narrow region of soil that 
is directly infl uenced by root secretions and associated soil 
microorganisms. The rhizosphere contains many bacteria and 
other microorganisms that feed on sloughed-off plant cells, 
termed rhizodeposition, and the proteins and sugars released 
by roots” (Source: Wikipedia at Rhizosphere). Address: 1, 
4. Dep. of Agricultural Sciences, Faculty of Life Sciences, 
University of Copenhagen, Hojbakkegard Allé 9, 2630 
Taastrup, Denmark.

2915. Tefera, H.; Kamara, A.Y.; Asafo-Adjei, B.; Dashiell, 
K.E. 2009. Improvement in grain and fodder yields of 
early-maturing promiscuous soybean varieties in the Guinea 
Savanna of Nigeria. Crop Science 49(6):2037-42. Nov/Dec. 
[23 ref]
• Summary: “When the International Institute of Tropical 
Agriculture (IITA) started soybean improvement in Africa 
in the 1970s, total production was around 0.2 million metric 
tons, and yield per unit area was low. The main challenges 
for soybean in Africa that needed research attention were 
low yield, low seed viability, poor natural nodulation, high 
shattering, and lack of appropriate processing and utilization 
methods.” Address: 1. International Institute of Tropical 
Agriculture (IITA), Chitedze Agricultural Research Station, 
P.O. Box 30258, Lilongwe, Malawi.

2916. Ohyama, Takuji; Ohtake, N.; Sueykoshi, K.; Tewari, 
K.; Takahashi, Y.; Ito, S.; Nishiwaki, T.; Nagumo, Y.; Ishii, 
S.; Sato, T. 2009. Nitrogen fi xation and metabolism in 
soybean plants. Hauppauge, New York: Nova Science Pub. 
Inc. viii + 131 p. Illust. (many color). Index. 23 cm. [204 ref]
• Summary: Contents: Preface. 1. Introduction. 2. The Fate 
of Nitrogen Fixed in Soybean Nodules. 3. Characteristics 
of Nitrate Absorption and Transport in Soybean Plants. 
4. Nitrogen Inhibition on Nodule Growth and Nitrogen 
Fixation. 5. Nitrogen Assimilation and Nitrate Tolerance of 
Hypernodulation Mutants of Soybean. 6. Effect of Nitrogen 
Nutrition on Soybean Seed Storage Protein Composition. 
7. Development of New Fertilization Technique to Promote 
Nitrogen Fixation and Seed Yield.
 Note: This book, with many original ideas, contains 
some very sloppy editing, as if it was never proofread. See, 
for example, pages 106 and 114.
 Moreover, the format of the bibliography fails to 
specify when articles are in foreign languages, and the titles 

of foreign journals are given only in English translation. 
Address: Faculty of Agriculture, Niigata Univ.; Food 
Research Center, Niigata Agricultural Research Inst. All: 
Niigata, Japan.

2917. de Bruin, J.L.; Pedersen, P.; Conley, S.P.; Gaska, 
J.M.; Naeve, S.L.; Kurle, J.E.; Elmore, R.W.; Giesler, L.J.; 
Abendroth, L.J. 2010. Probability of yield response to 
inoculants in fi elds with a history of soybean. Crop Science 
50(1):265-72. Jan. [22 ref]
• Summary: “Inoculants containing Bradyrhizobium 
japonicum are available for soybean... production but may 
not be necessary in fi elds where soybean previously has been 
produced.”
 “Data from this range of environments and products 
indicate that application of an inoculant offers limited 
success for either a yield increase or improved economic 
return on soils where soybean has previously been grown in 
the upper Midwest.”
 Soybeans have a symbiotic relationship with nitrogen-
fi xing rhizobia bacteria, Bradyrhizobia japonicum which 
convert atmospheric nitrogen gas (N2) into nitrogen 
available to the plant, in exchange for energy derived 
from photosynthesis from the plant. Address: 1-2. Dep. of 
Agronomy, Iowa State Univ., 2104 Agronomy Hall, Ames, 
Iowa 50011.

2918. Dion, Patrice. ed. 2010. Soil biology and agriculture in 
the tropics. Berlin: Springer Science & Business Media. xiii 
+ 325 p. Illust. (some color). Index. Series: Soil Biology, Vol. 
21. [1200+* ref]
• Summary: Contents: 1. Soils of the Tropics. 2. Organic 
Matter and Micro-Organisms in Tropical Soils. 3. Impacts of 
Forest Conversion to Agriculture on Microbial Communities 
and Microbial Function. 4. The Structural and Functional 
Biodiversity of Soil: An Interdisciplinary Vision for 
Conservation Agriculture in Brazil. 5. The Potential of Soil 
Benefi cial Micro-Organisms for Slash-and-Burn Agriculture 
in the Humid Forest Zone of Sub-Saharan Africa.
 6. Microbial Populations of Arid Lands and their 
Potential for Restoration of Deserts. 7. Exploring the 
Ecological Signifi cance of Microbial Diversity and 
Networking in the Rice Ecosystem. 8. Rhizobial Symbioses 
in Tropical Legumes and Non-Legumes. 9. Mycorrhizal 
Associations in Agroforestry Systems. 10. Agricultural 
Development in Tropical Acidic Soils: Potential and 
Limits of Phosphate-Solubilizing Bacteria. 11. Role of 
Microbial Biofertilizers in the Development of a Sustainable 
Agriculture in the Tropics. 12. Microbial Degradation of 
Pesticides in Tropical Soils. 13. Soil and Crop Contamination 
Through Wastewater Irrigation and Options for Risk 
Reduction in Developing Countries. 14 Towards a New 
Purpose for Traditional and Other Forms of Soil Knowledge, 
by Patrice Dion.
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 Soybeans are mentioned as follows:
 Page 66: In Brazil, 14 grain crops cover an area of 
about 48 million ha, of which soybean accounts for slightly 
less than half of the total. Agribusiness plays a key role in 
Brazil’s trade, accounting for about 25% of Brazil’s GDP 
during the years 2000-2007.
 Page 95: “Spontaneous nodulation of some soybean 
varieties with promiscuous indigenous LNB [legume-
nodulating bacteria] has become exploited by many African 
farmers in Nigeria, South Africa, Tanzania, Zambia and 
Zimbabwe...” Address: Prof. Dr., Département de phytologie, 
Pavillion Charles-Eugène-Marchand, 1030, avenue do la 
Médecine, Université Laval, Québec (Québec) G1V OA6, 
Canada.

2919. Schumpp, Olivier; Deakin, William J. 2010. How 
ineffi cient rhizobia prolong their existence within nodules. 
Trends in Plant Science 15(4):189-95. *
Address: Laboratoire de Biologie Moléculaire des Plantes 
Supérieures (LBMPS), Universite’ de Genève, 30 Quai 
Ernest-Ansermet, Sciences III, 1211 Genève 4, Switzerland.

2920. McNeil, David L. 2010. Biological nitrogen fi xation 
in soybean. In: Guriqbal Singh, ed. 2010. Soybean: Botany, 
Production and Uses. Wallingford, Oxfordshire, UK, and 
Cambridge, Massachusetts: CAB International (CABI). xii + 
494 p. See p. 227-46. Chapt. 11. [86 ref]
• Summary: Contents: Introduction. Microbiological 
components: The infection process (and species of bacteria 
which nodulate soybeans), bacterial genetics and control 
of fi xation, bacterial biochemistry in nodules. Plant 
components: Overview of soybean nitrogen metabolism. 
Breeding for increased nitrogen fi xation: Bacterial breeding 
for increased microbial fi xation, plant breeding for increased 
nitrogen fi xation. Cropping system components: Limits 
to system biological nitrogen fi xation, soybean rotational 
benefi ts. Conclusions.
 Considerable traditional taxonomy and, more recently, 
molecular taxonomy (Appunu et al., 2008; Yang and Thou, 
2008) on bacterial species that nodulate soybean has been 
conducted, creating a generally accepted taxonomy published 
by Willems (2006). Willems classifi ed the species into three 
types: (1) Fast growing–Sinorhizobium fredii and Sino-
rhizobium xinjiangense, previously described as promiscuous 
nodulation. (2) Slow growing–Bradyrhizobium japonicum, 
Bradyrhizobium elkanii and Bradyrhizobium liaoningense. 
And (3) Intermediate growing Mesorhizobium tianshanense.
 The sources are: (a) Willems, Anne. 2006. “The 
taxonomy of rhizobia: An overview.” Plant and Soil 
287(1):3-14. Sept. Address: Tasmanian Inst. of Agricultural 
Research, Chair of Agricultural Science, Univ. of Tasmania, 
Hobart, Tasmania, Australia.

2921. Mishra, J.S. 2010. Weed management in soybean. 

In: Guriqbal Singh, ed. 2010. Soybean: Botany, Production 
and Uses. Wallingford, Oxfordshire, UK, and Cambridge, 
Massachusetts: CAB International (CABI). xii + 494 p. See 
p. 209-226. Chapt. 10 [62 ref]
• Summary: Contents: Introduction. Major weeds of 
soybean. Losses due to weeds in soybean. Critical period of 
crop-weed competition. Weed management practices: Weed 
prevention, cultural methods, mechanical methods, chemical 
methods (herbicides), integrated weed management. 
Effect of herbicides on soil microfl ora (such as nitrogen 
fi xing bacteria). Herbicide residue in soil and food chain. 
Herbicide-resistant soybean. Weed management in herbicide-
resistant soybean. Economics of weed management. 
Conclusions.
 In the section titled “Herbicide-resistant soybean” we 
read (p. 221): “Despite growing controversy, the area under 
transgenic crops [not only soybeans] is increasing at a fast 
rate. The global area of transgenic crops increased from 
1.7 million ha in 1996 to 114.3 million ha in 2007 (James, 
2007), of which >63% of crops were tolerant to a specifi c 
herbicide. Transgenic or herbicide-resistant soybeans are 
genetically altered to tolerate herbicides that would normally 
kill or injure conventional or non-transgenic varieties. The 
fi rst use of herbicide-resistant soybean was in 1994 with the 
introduction of sulphonylurea-tolerant varieties. Glyphosate-
resistant (GR) and glufosinate-resistant soybeans (Roundup 
Ready and Liberty Link, respectively) are now commercially 
available. Herbicide-tolerant soybean is the most dominant 
transgenic crop, followed by genetically modifi ed corn, 
transgenic cotton and genetically modifi ed canola. GR 
soybean varieties have been widely adopted for planting by 
American farmers since their introduction in 1996.”
 Note: This is the earliest document seen (March 2017) 
which states that genetically engineered soybeans were 
introduced in 1994, about two years before Roundup Ready 
soybeans were introduced by Monsanto in May 1996 in the 
United States. Address: Directorate of Sorghum Research, 
Rajendranagar, Hyderabad, Andhra Pradesh, India.

2922. Singh, Guriqbal. ed. 2010. Soybean: Botany, 
production and uses. Wallingford, Oxfordshire, UK, and 
Cambridge, Massachusetts: CAB International (CABI). xii + 
494 p. Illust. Map. Index. 25 cm. [1628 ref]
• Summary: An excellent book. Contains 20 chapters by 
various authors; each is cited separately.
 Contents: About the editor. Contributors. Preface.
 Part I: History and Importance. 1: The Origin and 
History of Soybean. 2: The Role of Soybean in Agriculture.
 Part II: Botany, Genetics and Physiology. 3: Soybean 
Growth and Development. 4: Soybean Genetic Resources. 
5: Varietal Improvement in Soybean. 6: Soybean Yield 
Physiology: Principles and Processes of Yield Production.
 Part III: Production. 7: Agro-techniques for Soybean 
Production. 8: Nutrient Management in Soybean. 9: 
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Water Management in Soybean. 10: Weed Management in 
Soybean. 11: Biological Nitrogen Fixation in Soybean. 12: 
Storage of Soybean.
 Part IV: Protection. 13: Diseases of Soybean and 
Their Management. 14: Insect Pests of Soybean and 
Their Management. 15: Nematodes of Soybean and Their 
Management. Part V: Utilization. 16: Soybean Processing 
and Utilization. 17: Nutritional Value of Soybean. 18: 
Uses of Soybean: Products and Preparation. 19: Vegetable 
Soybean. Part VI: Marketing and Trade. 20: Global Soybean 
Marketing and Trade: a Situation and Outlook Analysis.
 On the back cover the publisher states: “The soybean is 
a crop of global importance and is one of the most frequently 
cultivated crops worldwide. It is rich in oil and protein and 
is used for both human and animal consumption as well as 
for industrial purposes, such as biofuels. Soybean crops also 
play an important role in crop diversifi cation and benefi t 
other crops by adding nitrogen to the soil during crop 
rotation.
 “With contributions written by researchers from around 
the world, The Soybean provides a concise coverage of 
recent research on all aspects of this signifi cant crop. 
Chapters discuss the history and importance of soybean 
production in agriculture, followed by details of the plant’s 
physiology and developments in breeding and genetics. The 
diverse cropping systems used in production are highlighted 
alongside crop management and protection strategies. 
Technology for processing and utilization, soybean’s 
nutritional value and the outlook for global marketing and 
trade are also addressed. Drawing together advances in 
soybean research, this book will be an essential resource for 
researchers in plant science, crop science and horticulture.”
 Note: The references at then end of some chapters are 
hard to understand because: (1) Chinese and other non-
English journal titles are not given, but are simply translated 
into English. (2) Chinese and other non-English book titles 
are not given, but are simply translated into English. (3) The 
language of non-English documents is not given. Address: 
Senior Agronomist (Pulses), Dep. of Plant Breeding and 
Genetics, Punjab Agricultural Univ., Ludhiana, India.

2923. Singh, Guriqbal; Shivakumar, B.G. 2010. The role 
of soybean in agriculture. In: Guriqbal Singh, ed. 2010. 
Soybean: Botany, Production and Uses. Wallingford, 
Oxfordshire, UK, and Cambridge, Massachusetts: CAB 
International (CABI). xii + 494 p. See p. 24-47. Chapt. 2. 
[108 ref]
• Summary: Contents: Introduction. Soybean-based cropping 
system. Biological nitrogen fi xation by soybean. Effects of 
soybean on soil properties. Effects of soybean on diseases, 
insect pests and weeds. Residual effects of soybean on 
succeeding crops. How to improve contributions of soybean 
in agriculture. Conclusions. Address: 1. Dep. of Plant 
Breeding and Genetics, Punjab Agricultural Univ., Ludhiana, 

India; 2. Div. of Agronomy, Indian Agricultural Research 
Institute, New Delhi, India.

2924. Oikeh, S.O.; Houngnandan, P.; Abaidoo, R.C.; 
Rahimou, I.; Touré, A.; Niang, A.; Akintayo, I. 2010. 
Integrated soil fertility management involving promiscuous 
dual-purpose soybean and upland NERICA enhanced 
rice productivity in the savannas. Nutrient Cycling in 
Agroecosystems 88(1):29-38. Sept. [32 ref]
• Summary: “Integrated soil fertility management (ISFM) 
involving a nitrogen-fi xing grain legume, limited chemical 
fertilizer, and a resilient rice variety may reduce the rate of 
soil fertility loss and enhance rice productivity in fragile 
upland rice ecosystems.”
 “Results indicate that integrating appropriate dual-
purpose soybean in an ISFM package can enhance rice 
productivity in resource-limited smallholder production 
systems.” Address: 1. Africa Rice Center (WARDA), 01 BP 
2031, Cotonou, Benin.

2925. IITA. 2010. Annual report 2009/10. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 64 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-
Report-2009-10.pdf [35+ ref]
• Summary: Soy is mentioned 13 times in this annual report. 
There is no section on soybean.
 Page 21: “New soybean offers respite from deadly 
Asian rust: The Asian soybean rust is a fungal disease that 
is capable of laying waste as much as 80 percent of infested 
crops. This year, a soybean variety resistant to the disease 
that we developed was approved for release by the Nigerian 
National Variety Release Committee (NNVRC). The rust-
resistant soybean is the fi rst of its kind to be made available 
for cultivation not only in Nigeria but also in West and 
Central Africa.
 “Tagged TGx 1835-10E, our scientists bred the variety 
and further developed it in collaboration with the National 
Cereal Research Institute. Its release for general cultivation 
was approved in December 2008 and notifi ed in June 2009 
by the NNVRC.
 “Field trials in Nigeria showed that aside from being 
resistant to the Asian rust, the variety is also high-yielding, 
averaging 1655 kg/ha grain and 2210 kg/ha fodder. It is also 
early-maturing, has good promiscuous nodulation character, 
and resists pod shattering and other prevalent diseases.
 “The variety can be used for direct cultivation in tropical 
Africa or as a source of resistance genes in soybean breeding 
programs. It was previously released in Uganda through the 
initiative of Makerere University, a local partner, and has 
already shown excellent performance in trials carried out 
in Southern Africa, suggesting that it is well-adapted. Its 
resistance is effective against all currently known types of 
the rust fungus in Nigeria. We have bred several other lines 
with rust resistance genes from various sources, which can 
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be deployed quickly if this variety succumbs to newer forms 
of the rust fungus.
 “It was in 1996 that the Asian soybean rust fi rst 
arrived in Africa, rapidly spreading through Uganda, 
Malawi, Mozambique, Rwanda, South Africa, Zambia and 
Zimbabwe. The disease was fi rst noted in Nigeria in 1999. 
The causal fungus of the Asian soybean rust, Phakopsora 
pachyrhizi, is very aggressive and can produce billions of 
spores capable of turning lush green crops with healthy 
foliage into brown fi elds with bare stalks in 2-3 weeks.
 “For most African farmers, using resistant varieties is 
the most viable method to control the disease as applying 
fungicides proves very costly.” Address: PMB 5320, Oyo 
Road, Ibadan, Nigeria.

2926. IITA. 2010. Annual report 2010. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 84 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-
Report-2010.pdf [30+ ref]
• Summary: Soy is mentioned 18 times in this annual report. 
There is a subsection titled “Better soybean” (p. 29-30): We 
continue to work with our partners in the soybean-producing 
countries of sub-Saharan Africa to develop and disseminate 
varieties that address production constraints while taking into 
account local suitability and farmers’ preferences. In 2010, 
six of our soybean varieties have either been released or are 
in the fi nal stages of being released to farmers in Nigeria 
and Mozambique. These varieties have valuable traits such 
as high grain and fodder yields, short planting-to-harvest 
duration, tolerance to drought, and resistance to common 
pests and diseases such as weeds and soybean rust.
 A photo shows rust-resistant soybean varieties (green) 
being tested alongside susceptible ones (brown). Photo by R. 
Bandyopadhyay, IITA.
 “In Nigeria the early- to medium-maturing varieties 
TGx 1987-10F and TGx 1987-62F were released by the 
Nigerian Variety Release Committee in December 2010. 

These varieties gave an average grain yield of 1670 and 1630 
kg per hectare, respectively, in a two-year multi-location, 
on-station trials. They also mature in just 96-97 days on the 
average (compared to 100-150 days by local varieties) and 
are capable of producing 2.6 tons of fodder per hectare. They 
have also been proven to be highly resistant to rust, bacterial 
blight, and Cercospora leaf spot, and are preferred by farmers 
because they smother weeds and reduce the cost of weeding. 
Farmers that participated in the on-farm trials also indicated 
that they especially like the golden color of the grains at 
maturity. The trials of these new varieties were supported 
by our Tropical Legumes II Project. In Mozambique, fi ve 
varieties that we developed have been prereleased to expedite 
access by farmers while the country’s Variety Registration 
and Release Committee continue their assessment for full 
release. The varieties were evaluated across four agro-
ecological zones of Mozambique in on-station and on-farm 
trials for three years. Results showed that yields for the 
varieties TGx 1485-1D, TGx 1740-2F, TGx 1904-6F, TGx 
1908-8F, and TGx 1937-1F in the major soybean producing 
regions of Zambesia and Tete provinces were 3527, 3748, 
4096, 3963, and 3614 kg per hectare, respectively, compared 
with 2830 kg per hectare of `Storm’, the most popular and 
highest yielding existing variety. The new varieties mature 
in 93-113 days. Farmers prefer the varieties because of their 
high yields, profuse nodulation, moderate drought tolerance, 
and resistance to Cercospora leaf spot, frog eye, and pod 
shattering. The varieties grow vigorously and their canopy 
closes early effectively controlling the growth of weeds and 
reducing the need for frequent weeding.” Address: PMB 
5320, Oyo Road, Ibadan, Nigeria.

2927. Risal, C.P.; Yokoyama, T.; Ohkama-Ohtsu, N.; Djedidi, 
S.; Sekimoto, H. 2010. Genetic diversity of native soybean 
bradyrhizobia from different topographical regions along 
the southern slopes of the Himalayan Mountains in Nepal. 
Systematic and Applied Microbiology 33:416-25. *

2928. Reed, Matthew. 2010. 
Rebels for the soil: The rise 
of the global organic food 
and farming movement. 
London, Washington, DC: 
Earthscan. vii + 168 p. 
Index. 24 cm. [279 ref]
• Summary: The best book 
seen to date on the historical 
evolution of the organic 
farming and organic food 
movements, written from the 
United Kingdom where the 
movements began and have 
most thoroughly developed.
 Contents; Preface. Tables 
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and boxes. Acronyms and abbreviations. 1. Introduction: 
Organic farming 101, key arguments, organization of the 
book, identifying organics. 2. Social movements. 3 Saving 
the soil. 4. Poisonous elixirs. 5. Small, beautiful and 
reorganized, 1960s and 1970s. 6. The rise of organic food 
retailing, 1980s. 7. Fighting the future–against GM crops. 8. 
Peak organics? Bibliography. Index.
 Summary: This book investigates the emergence of 
organic food and farming as a social movement. Using the 
tools of political sociology it analyses and explains how 
both people and ideas have shaped a movement that from its 
inception aimed to change global agriculture. Starting from 
the British Empire in the 1930s, where the fi rst trans-national 
roots of organic farming took hold, through to the internet-
mediated social protests against genetically modifi ed crops at 
the end of the twentieth century, the author traces the rise to 
prominence of the movement (From the publisher).
 “The global organic movement has gone through four 
periods, or ‘waves’ that are distinct from one another. The 
fi rst was in the 1920s and 1930s when there was no mass 
movement but a network of people investigating the ideas 
and themes that became the 
underpinning of a wider movement. 
Writers and scientists as diverse as 
Rudolf Steiner and Albert Howard, 
separately but simultaneously, 
started investigating the basis of 
agricultural fertility.” This period 
ended with the outbreak of World 
War II in Europe (see Chapters 
3 and 4). The second wave went 
from the mid-1940s to the late 
1960s (Chapters 5 and 6). “The 
third wave started in the early 
1970s when the global movement 
turned toward ethical or green 
consumerism backed by state and 
private regulation...”
 “The fourth wave, as the fi nal 
chapter argues, is forming now around the question of ‘peak 
food.’”
 The subsection titled “The Soil and Health Foundation” 
notes that in the United States, “the fi rst to sell organic food 
was Robert Keene, who founded Walnut Acres in 1946, 
a mail order service.” Keene, who had been to India and 
had become a follower of Gandhi, saw organic farming as 
part of a wider challenge to the values of society (Sligh & 
Cierpaka 2007). Malabar Farm was built in 1939 by Pulitzer 
Prize-winning novelist / author Louis Bromfi eld. Located 
in the hills of Pleasant Valley, Ohio, it was the place where 
he experimented with sustainable farming during the 1940s. 
“The most signifi cant actor was Jerome I. Rodale, who 
founded the Soil and Health Foundation in 1947 to fi nance 
scientifi c research into the ideas of organic farming. He 

became an enthusiast and advocate after reading Albert 
Howard’s Agricultural Testament. He started publishing his 
fi rst organic magazine, Organic Farming and Gardening, in 
May 1942.
 Ehrenfried Pfeiffer is mentioned on pages 78, and 
131-32. Also discusses at length (see index) are: Lady 
Eve Balfour, biodynamic farming, Bovine Spongiform 
Encephalopathy (BSE), Rachel Carson, IFOAM, etc. 
Address: Senior Research Fellow, Countryside and 
Community Research Inst., Univ. of Gloucestershire, 
Cheltenham, UK.

2929. Tefera, H. 2011. Breeding for promiscuous soybeans at 
IITA. In: A. Sudaric, ed. 2011. Soybean–Molecular Aspects 
of Breeding. Rijeka, Croatia: InTech. *
• Summary: Soybeans were introduced to Sub-Saharan 
Africa.

2930. IITA. 2011. Annual report 2011. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 108 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-

Report-2011.pdf [30+ ref]
• Summary: Soy is mentioned 16 times in this annual report. 
One photo (p. 17) shows a “Soybean demonstration plot in 
Nkhata Bay Miracle site in Malawi. Photo by T. Gondwe, 
IITA.
 Another photo (p. 27) shows “Members of a women’s 
group in Rwanda working on a communal maize-soybean 
farm. Photo by J.T. Oliver, IITA.”
 Pages 40-42: “New soybean in Malawi: The Malawi 
Agricultural Technology Clearing Committee (ATCC) in 
January 2011 offi cially approved the release of the improved 
variety dubbed TGx1740-2F. We developed the variety 
through our Tropical Legumes II project.
 “In on-station and on-farm trials, TGx1740- 2F 
outperformed local varieties grown in the country, giving a 
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mean grain yield of 2,464 kg/ha. 
Pre-release production data showed 
that the new variety exceeded the 
yields of the varieties Nasoko and 
the widely grown promiscuous 
variety Magoye, which were 
used as checks, by 10% and 32%, 
respectively, during the two-year 
multilocation station trials.
 “TGx1740-2F performed equally 
well during on-farm participatory 
variety selection trials in four 
districts of central Malawi. In the 
2009/10 season, it outperformed all 
the new types of soybean varieties 
under testing, giving 2,248 kg 
of grains per hectare. Again, it 
also surpassed yields by Nasoko 
and Magoye by 15% and 38%, 
respectively.
 “This new variety matures early, 

has more pods per plant up to the top of the plant, performs 
well under poor and erratic rainfall, and has better lodging 
resistance.
 “The release of TGx1740-2F is considered a milestone 
for IITA as this is the fi rst time that a promiscuous soybean 
variety–one that is able to nodulate effectively with diverse 
indigenous Rhizobia in the soil–developed by the institute 
has been released in Malawi.” A photo shows “A Malawi 
soybean farmer tending to her young crop. Photo by J.T. 
Oliver, IITA.” Address: PMB 5320, Oyo Road, Ibadan, 
Nigeria.

2931. Giller, Ken E. 2011. Nitrogen fi xation in tropical 
cropping systems. 3rd ed. Wallingford, United Kingdom: 
CABI Publishing, a division of CAB International. xviii + 
423 p. 1st ed. 1991. 2nd ed. 2001. Illust. *
• Summary: Like the 2nd ed, but published ten years later, 
a superb book, which clearly explains the complexities of 
biological nitrogen fi xation. Address: Dep. of Soil Science 
and Agricultural Engineering, Univ. of Zimbabwe, Harare, 
Zimbabwe; and Dep. of Plant Sciences, Plant Production 
Systems, Wageningen Univ., Wageningen, The Netherlands.

2932. Maxwell, Jason E. ed. 2011. Soybeans: cultivation, 
uses and nutrition Hauppauge, New York: Nova Science Pub. 
Inc. xii + 508 p. Illust. (some color). Index. 27 cm. *

2933. Mulvaney, Dustin; Robbins, Paul. ed. 2011. Green 
food: an A-to-Z guide. Thousand Oaks, California: Sage 
Pub. xxv + 518 p. Illust. 26 cm. Series: The SAGE reference 
series on green society.
• Summary: The section titled “Soybeans” (p. 404-07) 
discusses: Basic introduction. Brief early history (from T. 
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Hymowitz). History after World War II, incl. China and 
Brazil. Soybeans were originally used in Asia for their 
seeds, which can be whole (dry or fresh / edamame, whole 
fermented natto). Fermented soybean foods include miso, 
soy sauce and tempeh. Popular nonfermented soy foods 
include tofu, soy milk, yuba and sprouts. In the West, 
soybeans are crushed to make two products: crude oil and 
defatted soy bean meal.
 See also: Cash Crop; Grain Fed Beef; Legume Crops; 
Vegetarian. Address: 1. General Editor, Univ. of California, 
Berkeley; 2. Series Editor, Univ. of Arizona.

2934. Tefera, Hailu. 2011. Breeding for promiscuous 
soybeans at IITA. In: A. Sudaric, ed. 2011. Soybean–
Molecular Aspects of Breeding. Rijeka, Croatia: InTech. 
https://www.intechopen.com/books/soybean-molecular-
aspects-of-breeding/ breeding-for-promiscuous-soybeans-at-
iita [30 ref]
• Summary: Table 1 (p. 148) shows the leading soybean 
producers in Africa based on a 3-year (2006-2008) average 
of area, production, and yield (from FAOSTAT). The leaders 
in production are (in metric tons):
 Nigeria 592,000
 South Africa 317,332
 Uganda 176,333
 Zimbabwe 96,008
 Malawi 50,000
 Rwanda 27,046
 Egypt 25,932
 DR Congo 16,177
 Zambia 12,000
 Benin 10,711.
 Contents: 1. Introduction. 2. Why soybean was 
considered by IITA (It started soybean improvement around 
1974). 3. Soybean growing agro-ecologies in Africa. 4. Why 
breeding for promiscuous nodulation? 5. Identifi cation of 
promiscuously nodulating soybean germplasm. 6. Breeding 
objectives and methodology. 7. Breeding lines developed for 
promiscuous nodulation. 8. Promiscuous varieties released 
(starting in 1990; Table 6). 9. Promiscuous soybeans in 
cropping systems of the savanna. 10. Dual-purpose soybean 
lines (high seed/grain and high stover yields). 11. Breeding 
promiscuous soybeans for low phosphorus tolerance. 12. 
Breeding promiscuous soybeans for shattering resistance. 13. 
Promiscuous soybean lines that reduce Striga hermonthica 
seed bank. 14. Genetic gains in breeding for promiscuous 
soybeans. 15. Future direction of breeding for promiscuity. 
16. Conclusion. Address: International Inst. of Tropical 
Agriculture (IITA), Chitedze Agricultural Research, Station, 
P.O. Box 30258, Lilongwe, Malawi.

2935. Vanlauwe, Bernard; Mukalama, J.; Abaidoo, R.C.; 
Sanginga. 2011. Soybean varieties, developed in lowland 
West Africa, retain their promiscuity and dual-purpose nature 

under highland conditions in western Kenya. In: A. Bationo, 
B. Wasa, J.M. Okeyo, Maina, F., eds. 2011. Innovations as 
Key to the Green Revolution in Africa. Dordrecht: Springer 
Science+Business Media B.V. [23 ref]
• Summary: The main purpose “of this work was to 
quantify nodulation, biomass production and grain yield 
characteristics of a set of best-bet, dual purpose varieties 
relative to a locally available variety at two sites (Vihiga and 
Siaya districts) in western Kenya.”
 Note: “`Dual-purpose’, promiscuous soybean varieties 
were developed by the International Institute of Tropical 
Agriculture (IITA) between the mid-1970s and early 1990s 
(Sanginga et al., 2003). Their dual purpose nature stems from 
the fact that these varieties produce a substantial amount 
of grain and leafy biomass, resulting in a relatively low N 
harvest index.” Address: Tropical Soil Biology and Fertility 
Inst., International Centre for Tropical Agriculture (TSBF-
CIAT), Nairobi, Kenya.

2936. Batiano, A.; Wasa, B.; Okeyo, J.M.; Maina, F. 2011. 
Innovations as Key to the Green Revolution in Africa. 
Dordrecht: Springer Science+Business Media B.V. *

2937. Fisher, K.; Newton, W.E. 2011. Nitrogen fi xation: 
an historical perspective. In: B.E. Smith, R.L. Richards, 
W.E. Newton, eds. 2011. Catalysts for Nitrogen Fixation: 
Nitrogenases, Relevant Chemical Models and Commercial 
Processes. Dordrecht; London: Springer Series: Nitrogen 
Fixation. *
• Summary: 1. Introduction: All living things require a 
source of utilizable nitrogen to survive and grow. Utilizable 
nitrogen comes in a variety of forms, with ammonia (NH3) 
and nitrate (NO3-) the most common. These and other 
related usable forms of nitrogen are most often the limiting 
factor for the growth of organisms; a situation that is clearly 
highlighted in production agriculture. The element nitrogen 
is not, however, in short supply on this planet, which is 
blessed with the equivalent of more than 1017 metric tons 
of nitrogen gas (N2), about 2% of which is free in the 
atmosphere. Unfortunately, the N2 molecule cannot be 
directly utilized by the vast majority of living organisms. To 
become available for use, N2 must fi rst be ‘fi xed’ (converted 
to a usable form) by one of several alternative routes 
(Newton, 1996). The use of the term, fi xation, to describe 
this conversion was instituted early on because it was unclear 
at that time if the process was oxidative or reductive, but 
whatever its chemical nature, the nitrogen became trapped 
(or fi xed) in the product and was no longer gaseous.” 
Address: Dep. of Biochemistry, Virginia Polytechnic Inst. 
State Univ., Blacksburg, VA 24061.

2938. Thuita, Moses; Pypers, P.; Herrmann, L.; Okalebo, 
R.J.; Othieno, C.; Muema, E.; Lesueur, D. 2012. Commercial 
rhizobial inoculants signifi cantly enhance growth and 
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nitrogen fi xation of a promiscuous soybean variety in 
Kenyan soils. Biology and Fertility of Soils 48(1):87-96. Jan. 
[54 ref]
• Summary: “Conclusions: We conclude that promiscuous 
soybean varieties respond to inoculation, and nodulation, 
BNF, and biomass yield are improved if the strain is 
infective and effective. The commercial inoculants tested 
showed variability in their effectiveness with Legumefi x, 
Vault LVL, and 1495MAR being the suitable inoculants for 
the promiscuous TGx1740-2F soybean variety, but not for 
nonpromiscuous Nyala. Twin-N and Leguspirfl o were found 
to be ineffective both in terms of stimulating BNF and plant 
growth. Commercial products produced elsewhere can be an 
important source of effective strains for use in areas where 
soybean is being introduced or where low populations of 
indigenous rhizobia hinder BNF. Further evaluation under 
fi eld conditions is necessary to confi rm these fi ndings.” 
Address: 1. Dep. Soil Science, Moi Univ., PO Box 1125, 
Eldoret, Kenya.

2939. Muoki, Penina N.; De Kock, H.L.; Emmambux, 
M.N. 2012. Effect of soy fl our addition and heat processing 
method on nutritional quality of extrusion and consumer 
acceptance of cassava complementary porridges. J. of the 
Science of Food and Agriculture 92(8):1771-79. June. [42 
ref]
• Summary: Adding soy fl our to cassava porridge greatly 
improves the nutritional profi le. “Slightly more consumers 
preferred the conventionally cooked cassava-soy fl our 
porridges.
 “Conclusions: Compositing cassava fl our with full-
fat or defatted soy fl our and extrusion cooking change the 
appearance and fl avour of porridges while improving the 
textural properties for better mastication and swallowing 
by infants. Hedonic adjustment to the changed sensory 
properties of the porridges in comparison to what mothers 
and caregivers are used to (conventionally cooked cassava 
only porridges) is required to ensure acceptance.” Address: 
International Institute of Tropical Agriculture (IITA).

2940. IITA. 2012. Annual report 2012. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 68 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-
Report-2012.pdf [30+ ref]
• Summary:  See next page. Soy is mentioned 73 times 
in this annual report. One photo (p. 18) shows an African 
woman cultivating soybeans.
 Page 29: Discusses the “Grain legumes” program 
approved in Oct. 2012. “The program is led by ICRISAT and 
other participating CGIAR centers include IITA, CIAT, and 
ICARDA. The major collaborators in Africa are the NARS in 
Senegal, Mali, Burkina Faso, Ghana, Bénin, Niger, Nigeria, 
Cameroon, Zambia, Malawi, Mozambique, and Tanzania. 
The activities in Grain Legumes build on and encompass a 

number of earlier and ongoing projects and programs, e.g., 
the Dry Grain Pulses Collaborative Research Program (now 
Legume Innovation Lab) (USAID), Tropical Legumes 1 
and 2 (Bill & Melinda Gates Foundation), N2Africa (Bill 
& Melinda Gates Foundation and The Howard Buffet 
Foundation), and Feed the Future (USAID).
 “The objectives of Grain Legumes are to improve the 
production, sales, and consumption of grain legumes. The 
research activities are focused on fi ve strategic components: 
(1) Analyzing demand and setting research priorities, (2) 
Developing productive varieties and management practices, 
(3) Facilitating legume seed and technology delivery 
systems, (4) Enhancing postharvest processing and market 
opportunities, and (5) Fostering innovation and managing 
knowledge.”
 Pages 30-31: Drought and low-phosphorus tolerant 
soybean. “Drought tolerant soybean: In soybean, characters 
such as rooting depth, water use effi ciency, and nitrogen 
fi xation help to select varieties that can withstand drought. 
Screening for genotypes that are drought tolerant and 
produce good yields when subjected to different drought 
treatments was initiated in the 2012 off-season in Malawi. 
The results showed that TGx 1988- 22F, TGx 1989-60F, 
and TGx 1988-18F are good performing genotypes in terms 
of grain yield, fodder yield, and ability to self-nodulate 
under drought stress from fl owering and pod fi lling, to 
physiological maturity. These genotypes have also been 
found to take fewer days to reach physiological maturity. 
This is a characteristic that sustains the genotypes under mid-
season drought. The trials will be revised and repeated in 
2013.
 “Evaluation of soybean varieties in several 
agroecologies: Soybean evaluation trials involving 30 
promising soybean genotypes were conducted across fi ve 
locations in Mozambique. The soybean genotypes were 
selected over several years for good agronomic performance 
including high and stable yields, drought tolerance, disease 
tolerance, promiscuous nodulation, and adaptability across 
agroecologies. The varieties formed nodules adequately 
with existing indigenous rhizobium. Nodule dry weight of 
the top 10 yielding genotypes ranged from 135 to 313 mg/
plant. Averaged across locations, the genotypes reached 50% 
fl owering 42 to 52 days after emergence and physiological 
maturity from 99 to 109 days after emergence. Five soybean 
genotypes selected in previous seasons for rust tolerance? 
TGx 1835-10E, TGx 1987-20F, TGx 1987-38F, 1987-
57F, and TGx 1987-62F? outperformed most of the other 
genotypes, producing between 1.9 and 3.9 t/ha in high 
potential soybean-growing areas.
 “Effects of phosphorus and nitrogen on soybean growth 
and yield: The genetic variation of early maturing soybean 
genotypes in phosphorus utilization effi ciency was evaluated 
in low phosphorus soils of the Guinea savanna of Nigeria. 
The results revealed that variability in the utilization of 
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phosphorus was signifi cant. Three early maturing genotypes 
were identifi ed as having high phosphorus utilization index 
and low phosphorus uptake effi ciency, indicating that they 
could be a potential source for breeding for phosphorus use 
effi ciency in early maturing soybean genotypes.
 “More information on studies on soil nutrient impact 
in various rotational cropping systems including soybean is 
presented under Maize and Water, Land and Ecosystems.
 “Soybean rust disease: Soybean rust disease 
(Phakopsora pachyrhizi) exhibits a rapid global spread and 
can cause yield losses of up to 90%. In response to this, IITA 
carried out surveys in Kenya, Uganda, and Tanzania that 
helped identify some of the tolerant varieties in the region 
bred by Seed Co, Zimbabwe. Disease severity was assessed 
to identify areas infected and the risk of spreading to new 
regions. This information will be used to advise growers on 
the use of tolerant varieties available to control the disease. 
A soybean rust disease fact sheet has also been developed to 
inform growers on the common symptoms and the control 

measures.”
 Page 33: “Soybean value chain: During 2012, the 
soybean value chain project that is being implemented in 
Malawi and Mozambique contributed to the enhancement 
of the soybean seed system in the two countries. In 
collaboration with our development partners, over 50 
tonnes of seeds of the recently released TGx varieties were 
produced. The seeds have been distributed to both private 
and community based seed producers for further production 
of certifi ed seeds during the 2012/2013 season. Together 
with partners, the project reached over 4000 households 
with training on the household utilization of soybean. The 
aim was mainly to enhance the protein and energy quality of 
commonly eaten foods. In addition, promotional events have 
been conducted to create awareness of the contribution of 
soybean utilization to the overall value chain of soybean.
 Photos show: (b) early morning dew on soybean 
leaves. (c) His Excellency, the President of Mozambique, 
appreciates soybean-based foods during a farmers’ day in 
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Nampula province, Mozambique. Photo by IITA (p. 33). (d) 
Left: Soybean Storm, Chimoio, Mozambique. Right: TGx 
soybean material. Photos by IITA (p. 38). (e) Pie chart of 
IITA Genebank [Germplasm] Collection (p. 43). 47% of 
all accessions are cowpea (15,379), followed by soybean 
(4,841). Address: PMB 5320, Oyo Road, Ibadan, Nigeria.

2941. Conley, Shawn; Mannes, Judy; Rehms, Marsha. 2013. 
Coolbean: The soybean. Madison, Wisconsin: American 
Society of Agronomy, Crop Science Society of America, 
Soil Science Society of America. [2] + 26 p. Illust. by John 
Lambert. No index. 26 x 26 cm.
• Summary: This is basically a comic book, printed (using 
soy ink) on heavy, glossy paper, for use in teaching young 
people (grades 3-5) about the versatile soybean. The book 
is fi lled with sidebars containing “Cool facts” and “Do 
something cool” activities (which require the reader to go to 
www.coolbeanthe soybean.org.) Examples of sidebars: What 
are crops? Think like a scientist. Making better soybeans. 
What are offspring?
 Besides Coolbean, the two other main characters in 
the book are Haila (a woman farmer), and Aliah (a woman 
agronomist).
 Basic ideas explained: No-till farming. Testing the soil 
moisture before planting. Planting with a modern planter. 
The value of earthworms and loose, crumbly soil. How a 
soybean sprouts. Crop rotation. Photosynthesis: How plants 
make their own food. Root nodules fi lled with bacteria fi x 
nitrogen in the soil. Soybean enemies: aphids, nematodes, 
and super weeds. One lady beetle can eat as many as 60 
aphids a day. When to use insect spray to kill lots of aphids. 
The stage of making white or purple fl owers. The parts of a 
fl ower and what each part does (The anther makes pollen, 
the stigma traps pollen and sends its to the ovary, where the 
eggs are stored. Pollen and egg combine into a seed). As 
the soybean plant matures it produces pods. When the pods 
turn brown and the leaves fall off, the soybeans in the pods 
are ready to harvest. Haila drives the combine to harvest 
the seeds. The main characters seated outdoors on a farm 
around a white table fi lled with many products made from 
the soybeans (soy milk, tofu, crayons, a candle, mayo, soy 
sauce, biodiesel, feed for animals). More than half of all U.S. 
soybeans will be exported to other countries, such as China. 
Activities: Soybean seed calculator. Seed lifting power. 
Soynut butter recipe. Soy scavenger hunt. Watch me sprout! 
How many beans in a pod? (Edamame experiment).
 A glossary on pages 24-26 defi nes common terms. A 
photo shows Dr. Shawn P. Conley standing chest deep in a 
fi eld of soybeans. His daughters are named Haila and Aliah, 
and his wife is Lori.
 One cool fact (p. 22) that is incorrect: “The fi rst soybean 
seeds planted in America came from China. In 1765, 
Benjamin Franklin imported them and sent them to a friend 
to plant in his garden.” Actually, it was Samuel Bowen, not 

Benjamin Franklin, who brought the fi rst soybean seeds to 
America from China in 1765. Bowen sent them to his friend, 
Henry Yonge, who planted them in the spring of 1764 in 
Savannah, Colony of Georgia. Address: Soybean Specialist, 
Univ. of Wisconsin.

2942. Mao, Guohong; Yu, Oliver. 2013. Isofl avones impact 
human health, but soybean plant health too. Soy Connection: 
Health & Nutrition Information about Soy 21(2):1. Spring.
• Summary: “Plants are constantly under attack by many 
pathogens hidden in their surroundings.” In response, 
soybean synthesize secondary metabolites with antimicrobial 
activities. “Isofl avones are synthesized predominantly by 
legumes as chemical defense weapons. They are normally 
present at relatively low levels in soybean tissues; their 
accumulation is strongly induced in response to signals 
associated with pathogens or cell damage.
 “For plant defense, daidzein appears to be the most 
important compound because it is the precursor of a group of 
complex isofl avonoids called glyceollins. These are potent 
fungicides. Even at minute concentrations, glyceollins can 
kill a broad spectrum of fungal pathogens.”
 “Interestingly, sometimes isofl avones can be friendly 
to microbes as well. Soybean roots can interact with the 
nitrogen fi xation bacteria called Rhizobia and form root 
nodules. Root nodules generate nitrogen fertilizer for crops 
and improve soil fertility. To form root nodules successfully, 
specifi c chemical signal exchanges have to occur prior to 
symbiosis. Isofl avones are an essential part of this chemical 
dialog between the soybean and Rhizobia.”
 “Abiotic factors, such as drought and changes in 
temperature, can alter isofl avone levels in seed. Also 
different soybean cultivars vary markedly in their isofl avone 
content.” Address: 1-2. PhD, co-founders Conagen Inc., 
BRDG (Bio-Research & Development Growth) Park, 
Donald Danforth Plant Science Center, St. Louis, Missouri.

2943. Vandamme, E.; Renkens, M.; Pypers, P.; Smolders, E.; 
Vanlauwe, B.; Merckx, R. 2013. Root hairs explain P uptake 
effi ciency of soybean genotypes grown in a P-defi cient 
Ferralsol. Plant and Soil 369(1/2):269-82. Aug. [55 ref]
• Summary: “Abstract: Background and aims–Incorporating 
soybean (Glycine max) genotypes with a high nitrogen 
fi xation potential into cropping systems can sustainably 
improve the livelihoods of smallholder farmers in Western 
Kenya. Nitrogen fi xation is, however, often constrained by 
low phosphorus (P) availability.”
 “Conclusion: Breeding for improved root hair 
development is a promising way to increase P uptake 
effi ciency in soybean.” Address: 1-4, 6. Dep. of Earth and 
Environmental Sciences, Div. Soil and Water Management, 
KU Leuven, Kasteelpark Arenberg 20, 3001 Leuven, 
Belgium.
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2944. IITA. 2013. Annual report 2013. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 78 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-
Report-2013.pdf [30+ ref]
• Summary: Soy is mentioned 55 times in this annual report.
 Page 37: “Also in Mozambique, fi ve imported peat-
based inoculant products and the liquid formulations of 
two of the peat-based products were tested in soybean 
across four sites. The products performed consistently 
across sites with no interaction effect between site and 
inoculant. All the products except the liquid formulations 
signifi cantly improved nodulation. The products Biagro and 
Biofi x consistently produced the highest grain yield. The 
yield increases resulting from inoculation suggest that it is 
profi table to use inoculants in the agroecologies, in particular 
for fi rst-time soybean fi elds.
 “Soybean yield was enhanced by 63% (to 1.1 t/ha) by 
Rhizobium inoculation and phosphorus (P) application in 
Samaru-Kataf in northern Nigeria. In Zaria, Rhizobium 
inoculation alone did not signifi cantly affect grain yield. The 
results were confi rmed in 30 on-farm trials established in 
both Zaria and Samaru-Kataf but response to inoculation was 
observed only in Samaru-Kataf. Application of P generally 
increased grain yield with or without inoculation across 
all the varieties. In this area, application of P is the key to 
enhancing grain yield.
 “About 250,000 farmers (about 40% women) 
were targeted to benefi t from the fi eld evaluation and 
demonstration activities through fi eld days. Demonstrations 
included the cultivation of soybean, and use of inoculants. 
They were also linked to the market to sell soybean to agro-
processors.
 “Soybean rust Asian soybean rust caused by the fungus 
Phakopsora pachyrhizi is an important disease causing 
yield losses of between 10 and 90%. Resistance breeding 
is the best management option but this has been made 
diffi cult by the high pathogenic variability of the fungus. 
Our studies have indicated that rust is widely distributed in 
all agroecologies in the east and southern African region. 
In a capacity development effort, 19 fi eld offi cers were 
trained on soybean integrated pest management, especially 
disease and pest diagnostics. In West Africa, we compared 
40 soybean lines with the rust-resistant check TGx 1987-62F 
in experimental fi elds at IITA-Ibadan. The results suggest 
that some susceptible soybean germplasm can produce 
higher yields than the currently released soybean lines in 
the absence of soybean rust. Advanced early and medium 
maturing soybean lines with different degrees of rust 
resistance will be screened under high soybean rust pressure 
in on-station trials.”
 Pages 40-41: “Nutrition interventions: To promote 
household use of soybean to improve the nutrition status of 
children under 5 and women of childbearing age, 12 x 2-day 
training workshops on soybean processing and utilization 

were conducted in 14 communities in Chipata, Katete, and 
Lundazi districts in eastern Zambia. The objective of the 
seminars was to show how soybean can be incorporated 
into traditional food products and to introduce novel 
soybean-based products, such as soy fl our, soy milk, tofu, 
and soy egg. Among the different products, communities 
preferred the soy egg, milk, cheese/tofu, and fl our. The 
training workshops were held at the rural community 
health centers in the villages. A total of 203 women and 32 
men participated in the training. Similar workshops were 
conducted in Mozambique and Swaziland with a total of 
5,410 people trained in soybean processing and utilization.
 Pages 44-45: “Identifi cation of effective Rhizobium 
strains from local soils in Ghana and Nigeria: Research 
activities were undertaken to identify and disseminate 
site- and crop-specifi c recommendations for the use of 
rhizobial inoculants and accompanying measures to 
increase grain legume productivity within heterogeneous 
farming landscapes. Rhizobial strains were isolated in two 
agroecological zones of northern Ghana. The strains are 
being tested to assess their effi cacy compared with similar 
strains in commercial products. Similar work has been 
conducted in Nigeria where more than 600 isolates were 
collected from various legume crops, mainly soybean, 
groundnut, and cowpea, in the Sudan and northern Guinea 
savannas. The authentication and evaluation of this collection 
are still ongoing.
 “Assessment of ISFM components affecting crop 
responses to inoculation: Activities were undertaken to 
identify and disseminate recommendations for the use of 
effective biofertilizers within the context of ISFM. So far, 
the focus has been on the use of biofertilizers together with 
phosphorus (P) fertilizers. In Nigeria, where most soils 
are defi cient in P, it was confi rmed that the performance 
of Legumefi x (a rhizobium inoculant) is improved when 
there are suffi ciently available levels of P in the soil, 
and the application of Legumefi x together with P is thus 
recommended. In most cases, 30 kg P/ha has shown 
good results, but the application rate has to be optimized. 
Similarly, P application improved soybean responses to 
Legumefi x in Upper West, Tamale, and Upper East regions 
of Ghana, but a lower rate (20 kg/ha) was suffi cient.”
 At the end of this report is a long bibliography: “In 
2013, IITA scientists published articles in peer-reviewed 
Thompson-indexed journals, book chapters, review articles, 
chapters in conference proceedings, and various other 
publications. A selection of some of these articles from the 
different hubs is presented below by research theme:”
 One big problem in Africa is that young people “are not 
are not attracted to agriculture, probably because it is not 
very glamorous or the money isn’t very good.” And it is hard 
work. Address: PMB 5320, Oyo Road, Ibadan, Nigeria.

2945. Joubert, J.C.N.; Jooste, A.A. 2013. Comparative 
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analysis of the different regions of South African soybean 
industry. In: Proceedings of the World Soybean Research 
Conference IX. Held Feb. 18-22. Durban, South Africa. *
• Summary: Soybeans were introduced to Sub-Saharan 
Africa.

2946. Takeshima, Keisuke; Hidaka, T.; Wei, M.; Yokoyama, 
T.; Minamisawa, K.; Mitsui, H.; et al. 2013. Involvement 
of a novel genistein-inducible multidrug effl ux pump of 
Bradyrhizobium japonicum early in the interaction with 
Glycine max (L.) Merr. Microbes and Environments (Open 
Access) 28(4):414-21. [49 ref. Eng]
• Summary: “The early molecular dialogue between soybean 
and the bacterium Bradyrhizobium japonicum is crucial 
for triggering their symbiotic interaction. Here we found 
a single large genomic locus that is widely separated from 
the symbiosis island and was conspicuously induced within 
minutes after the addition of genistein. This locus (named 
BjG30) contains genes for the multidrug effl ux pump, TetR 
family transcriptional regulator, and polyhydroxybutyrate 
(PHB) metabolism. The induction of BjG30 by genistein 
was competitively inhibited by daidzein, although both 
genistein and daidzein are soybean-derived inducers of 
nodulation (nod) genes. Such a differential expression 
pattern is also observed in some legume-derived fl avonoids, 
which structurally differ in the hydroxy/deoxy group at 
the 5-position. In addition, not only did the induction start 
far in advance of nodW and nodD1 after the addition of 
genistein, but the levels showed distinct concentration 
dependence, indicating that the induction pattern of BjG30 
is completely different from that of nod genes. The deletion 
of genes encoding either the multidrug effl ux pump or PHB 
metabolism, especially the former, resulted in defective 
nodulation performance and nitrogen-fi xing capability. Taken 
together, these results indicate that BjG30, and especially its 
multidrug effl ux pump, may play a key role in the early stage 
of symbiosis by balancing the dual functions of genistein as 
both a nod gene inducer and toxicant.” Address: 1. Dep. of 
Agricultural and Life Sciences, Obihiro Univ. of Agriculture 
and Veterinary Medicine, Inada-cho, Nishi 2-11, Obihiro, 
Hokkaido, 080-8555, Japan.

2947. United States Department of Interior, National Park 
Service. 2014. National register of historic places registration 
form: Adrian A. Parsons Farmstead. House and Gardens. 
Avon, Hendricks County, Indiana. 34 p. 28 cm. [4 ref]
• Summary: This form was fi lled out by John Warner, 5018 
Broadway, Indianapolis, Indiana 46205. Phone: 317-288-
5450.
 Contents: Name of property. Location. State/Federal 
agency certifi cation, Classifi cation. Function or historic use 
functions. Description. Statement of signifi cance. Major 
bibliographic references. Geographical data. Form prepared 
by. Map of site. Photographs (6 color photos).

 Statement of signifi cance summary paragraph (p. 7-8): 
“The A.A. Parsons Farmstead is eligible for the National 
Register of Historic Places under Criterion A for its 
association with the development of the soybean industry 
in Hendricks County, Indiana; in particular, as the property 
where Adrian Parsons achieved his reputation as a ‘soybean 
pioneer.’ The existing buildings and their physical integrity 
demonstrate the level of effi ciency and economy necessary to 
survive in the diffi cult agrarian arena. The farmstead is also 
eligible at a local level, under Criterion A, as an example of 
late 19th and early 20th Century family farms throughout the 
Midwest; particularly those progressive ventures that looked 
to the future of farming.
 “Under Criterion B at a local level, the A.A. Parsons 
Farmstead is eligible for the National Register of Historic 
Places for its association with Adrian Parsons, Hendricks 
County, Indiana for his work in signifi cant agricultural 
endeavors for the period 1884 to 1929. He introduced 
soybeans to Hendricks County, Indiana, in 1888, the fi rst 
introduction of the soybean in the state.”
 Note: Adrian Parsons did not introduce the soybean to 
Indiana. As Lee Parsons has always said: “Adrian Parsons 
was the fi rst farmer of record to engage in the purposeful and 
sustained experimentation with and production of soybeans 
in Indiana.”
 “He experimented with varieties of soybeans to 
enhance their ‘best’ characteristics years before serious 
experimentation was conducted by a state university 
experimental station. He harvested and sold soybeans 
years before other farmers around the state. Although not 
acknowledged for his efforts on behalf of the soybean 
and its usefulness until after his death, Parsons, through 
sound applications of plant breeding techniques, developed 
two new varieties of soybeans (Mikado and Auburn). 
His experimentation with and advocacy of the soybean 
infl uenced the agricultural community to accept the bean as 
a staple for livestock feeding and as a nitrogen-fi xing plant 
useful in renewal of depleted soil. Parsons became a soybean 
seed grower whose product was distributed by one of the 
popular seed companies of the period, Wing Seed Company 
of Mechanicsburg, Ohio. He shipped inoculated soil to 
Midwest and Southern soybean growers to improve their 
yields and quality of their harvests.”
 “Narrative statement of signifi cance (p. 16-19): 
Parsons did not dawdle in his desire to make the new 
farm he had purchased along the east bank of White Lick 
Creek in Hendricks County a going concern. Entries in his 
farm journal mention immediate improvements to the few 
buildings on the property and expenditures for lumber, wire 
fencing, and other needed materials to organize his endeavor. 
By 1886, new equipment to plow the ground, sow seed, and 
cultivate his fi elds was on hand and in use. In addition to the 
new equipment Parsons began to purchase livestock for his 
hog and dairy operation. Parsons kept detailed records of his 
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purchases, his breeding stock and their various productions 
of off-spring, and what he paid for each and what he received 
for their sale. His early crops were the staples for the time 
and the environment; corn, oats, wheat, etc. and he continued 
to grow them for years to come (footnote 4).
 “Concurrent with his experiments and selection of 
new soybean varieties, Parsons found the time to establish 
(build) his farm as a model of the nearly self-sustaining 
farm operation. The farmstead today reveals the thought 
and effort invested in the physical layout of the farm and 
the construction of the buildings within its boundaries. 
The house has received some modifi cations to its original 
materials and outer appearance but the location and a portion 
of the original footprint remains. From a visual standpoint 
the majority of construction occurred circa 1895 and 
demonstrates the transition from timber-framed buildings to 
those of the late-nineteenth century when sawn dimension 
lumber became the material of choice...”
 “While the day-to-day operation of the farm occupied 
the majority of his time, Parsons’ penchant for experimenting 
with different species of plants began in earnest once he and 
the family moved to the new farm on White Lick Creek. 
Although he spent time and energy on his experiments, it 
can never be said that he was a gentlemen farmer and others 
did the work; his experiments particularly with soybeans all 
had a defi ned purpose and desired goal. On account of this 
involvement with the soybeans related that he recognized the 
need for a stable, nutritious fodder source for his stock and as 
he determined soon after, probably from reading agricultural 
publications, an added aspect of his search should also result 
in a crop choice that help to renew the soil; i.e., a legume. 
Legumes such as peas, beans, or clover are all plants that 
bear nodules on their roots that contain nitrogen-fi xing 
bacteria and some of these bacteria remain in the soil after 
the crops are harvested. Initially, Parsons had some idea 
where he needed to go in his experimentation but was not 
sure which road to follow (footnote 5).
 “Accounts vary but it is generally agreed among family 
and published articles, Parsons’s direct association with 
the soybean began in the late 1880s when he purchased/
received a shipment of soybean seeds from Japan. China 
and Japan were the normal sources for a plethora of 
soybean varieties used not only by Parsons but by numerous 
agricultural experiment stations around the country. These 
stations normally associated with government (state and 
federal) agencies like universities or the United States 
Department of Agriculture (USDA). In his quest for the 
‘right’ plant, Parsons tried clover but later abandoned 
this for soybeans. By 1888, Parsons had successfully 
grown some soybean plants in his garden and the bean’s 
introduction to Hendricks County in this year, the earliest in 
any Indiana county, is documented in William Latta’s book 
Outline History of Indiana Agriculture. Latta, a force in the 
development of modern agricultural practices in the state, 

planned and supervised Purdue University’s Indiana Farmer 
Institute Program. These institutes were learning sessions, 
conducted around the state, which introduced new farming 
practices, crops, and techniques to raise the effi ciency and 
productiveness of the state’s farmers. Parsons attended some 
of these and in his later years, after his championing of the 
soybean became recognized, he presented his experiences to 
his fellow farmers (footnote 6).
 “Among the experiments Parsons undertook in his 
garden was an attempt to get his fi rst soybeans to develop 
the characteristic nodules on their roots. He tried to use 
red clover bacteria as a medium for the inoculation process 
necessary to develop the nodules on the soybean plant roots. 
Without these nodules the nitrogen-fi xing capability and, in 
fact, the plants themselves were destined to be substandard; 
substandard was not a level Parsons found acceptable. As 
mentioned earlier the ability of the soybean to utilize the 
nitrogen in the air was dependent on the bacteria living in 
the roots of the plant. Extensive experimentation by others, 
in the 1910s, on the issue of inoculation and its effect on 
soybeans proved what Parsons discovered through his work 
with inoculation in the 1890s. After failed attempts using 
inoculated soils from other legumes, Parsons contacted the 
Kansas State University Experiment Station and procured 
100 pounds of soybean-inoculated soil and his own plants 
thrived. In a newspaper article he is quoted as saying about 
the addition of the inoculated soil that ‘grew the fi rst nodules 
I ever saw, as large as peas.’ Other experimenters (1910s) 
actually found that soybeans required inoculation by a 
specifi c bacterium found in their root nodules. Out of studies 
of 18 legumes they found soybeans fell into their own group 
bacteria-wise. Soybeans will grow in nitrogen-deprived 
soil, they will grow in rich soil even though the bacteria 
isn’t present but nitrogen will be taken from the soil and not 
increased which obviously is not what a farmer is looking 
for in this crop. In 1901, Parsons included experimental 
activity with oats and vetch (an herbaceous, leguminous 
plant used as green manure or fodder) along with his soybean 
experimental plantings (footnote 7).
 “During his continuing experimental trials, Parsons 
noticed an odd looking plant amongst his other plants of the 
Ito San and Mongol varieties of soybeans. This apparent 
mutation declared itself as a tall, bushier, and more pod-laden 
plant than its neighbors and it matured earlier than other 
varieties. Parsons suspected it to be a mutation or natural 
hybrid so he took the plant, placed it in his garden to see 
how it would fi nish, and liked the end result. Plant breeding, 
a selection process employed to improve inherent and the 
best characteristics of a plant variety and carry them forward 
to the next generations, really defi ned Parsons’s search for 
that ‘right’ crop. Parsons saved some of the seeds from this 
plant and sent them to the USDA for genetic evaluation. The 
traits mentioned were carried forward and in 1905, Parsons 
received credit for a new variety of soybean identifi ed 
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as Mikado, a name he chose. The Mikado’s description 
included the words, ‘Plant stout, erect, bushy, maturing in 
about 120 days,’ all good things for farmers looking for those 
qualities in their beans. Other comments about the variety 
noted that it did very well in rain-scarce environments. 
Later, he would propagate another variety known as Parsons’ 
Auburn (footnote 8).” Continued. Address: Hendricks Co., 
Indiana.

2948. United States Department of Interior, National Park 
Service. 2014. National register of historic places registration 
form: Adrian A. Parsons Farmstead. House and Gardens 
(Continued–Document part II). Avon, Hendricks County, 
Indiana. 34 p. 28 cm. [4 ref]
• Summary: Continued (p. 19): “Parsons’ interest in and 
championing of soybeans, though earlier than anyone 
in Indiana, had other proponents of the bean in the early 
1890s. Experimental agricultural stations in Kansas, Iowa, 
and Massachusetts were studying potential gains achieved 
through selective breeding and improving various varieties 
of soybeans. Parsons and the experimental stations were both 
attempting to employ the soybean as a means of increasing 
weight gain in pigs, cows, and sheep, judge the value of the 
bean as a soil improvement rotation with nitrogen-depleting 
crops, and maximize benefi ts while minimizing costs. 
Parsons’ methods of conducting these evaluations may have 
been more trial and error than those of the stations but his 
results, his success, proved that he was a diligent applier 
of sound breeding techniques. His appetite for reading the 
agricultural literature of the day no doubt opened avenues 
of discovery uncommon to many farmers of the period. He 
discovered early on that pigs fed a combination of corn and 
soybeans achieved a weight gain in lean mass not just gross 
weight compared other feeding combinations. An article in a 
1916 periodical, The County Gentleman, supported his early 
fi ndings that feeding corn and soybeans was an economical 
method of achieving lean mass in hogs. He recognized 
early on that the soybean is an excellent hay plant. By 1900, 
Parsons entered the market selling soybeans (footnote 9).
 “Adrian Parsons, Civil war veteran, educated farmer, 
and inquisitive breeder of plants, particularly soybeans, 
changed the agricultural face of Hendricks County, Indiana, 
forever. His introduction of soybeans into the county in the 
late 1880s initiated discoveries of the benefi ts of the soybean 
to livestock feeding and eventually created a Midwest market 
that survives today. Indiana’s agricultural community, except 
for Adrian Parsons, did not involve itself with the soybean 
to any great degree until the early 1900s. Parsons pioneered 
the bean’s acceptance and its use in livestock fi nishing. He 
‘spread the word’ about soybeans to anyone that would listen 
and in spite of some level of derision from his peers, he 
persevered. He developed a working farm during Indiana’s 
agricultural maturation, built functional buildings with an 
eye to effi ciency and progress, and left an example of a 

farmstead of the period. The numbers tell the tale. In 1920, 
only 23,110 bushels of soybeans were harvested in Indiana; 
by 1930, a year after Parsons’s death, Indiana farmers 
harvested nearly 1.4 million bushels (footnote 10). The 
bean’s popularity surely increased due jointly to the efforts 
of Indiana state agencies and other market forces but in 
Hendricks County, Indiana, it started with Adrian Parsons.”
 Developmental History/Additional historic context 
information Adrian A. Parsons began life in 1846 in 
Guildford County, North Carolina. He came to Indiana in 
1852, along with his parents and other Quaker migrants who 
eventually settled in Hendricks County, Indiana. His father 
took up farming in the vicinity of Avon, Indiana and Parsons 
spent his formative years on that farm. For some unknown 
reason, Parsons joined up with the Union Army in 1864 at 
the age of 17 years. Looking back, especially in the context 
of his Quaker upbringing, it is diffi cult to reason why he 
signed up but this contrarian frame of mind would resurface 
throughout his life and partially explain his internal drive to 
succeed in any endeavor that challenged him.11
 “During his assignment with Company I, 9th Indiana 
Cavalry Parsons campaigned in Tennessee and North 
Alabama. His unit participated in the defense of Nashville, 
against the troops of Confederate General John Bell Hood. In 
this battle in 1864, Parsons received a nearly mortal wound 
that plagued him for years to come. According to notes 
from Parsons’s personal note book, ‘... in the line of duty a 
Minnie ball passed through my body’ and he lay with other 
wounded and dying soldiers ‘in a long narrow cotton shed’ 
for fi ve days. Medical attention arrived on the fourth day and 
shortly after, Parsons and others found themselves moved 
into Nashville proper and according to his words they ‘were 
treated royally’ (footnote 12).
 “Parsons summarized the years immediately after 
the end of the war thusly, ‘Well I pulled through that [his 
wounding], came home, and married the girl I left behind 
me...’ What he didn’t mention in his note book are the years 
he spent increasing his education at the Danville Academy 
in Danville, Indiana (a few miles west of the family farm) 
and the short time he spent at Earlham College in Richmond, 
Indiana. Somewhere in the early years of his life, Parsons 
developed a real love and appreciation for the written word. 
He was a regular recipient of various publications dealing 
with agricultural issues of the day and later in life, after his 
developed interest in soybeans became notable, he provided 
articles to several of these publications on that subject and 
other farm-related questions/practices (footnote 13).
 “Using his advanced education as the means to earn 
a living, Parsons obtained a teacher’s license in 1870 and 
taught school during the winter months. To augment his 
small teacher’s salary, he farmed during the growing season 
at a farm south of the present-day town of Avon, Indiana. His 
fi rst crops were the traditional menu of corn, oats, wheat and 
husbandry of hogs, poultry and, of course, the primary power 
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source of the day, horses. He began bee-keeping in 1876 
and pursued a growing interest in horticulture in general and 
the necessity for crop rotation in the specifi c. It’s obvious 
that his reading habits were introducing him to the rapidly 
growing bank of knowledge about the science of crops. 14
 “In 1882, while farming for a living, Parsons ran on the 
Republican ticket as a candidate for the county recorder’s 
position and won. After winning the elected position, he 
moved the family to Danville and served out his four-year 
term there. With an eye to the future and no doubt motivated 
by his interest in horticulture, Parsons purchased an 82-
acre farm along the east bank of White Lick Creek in 1884. 
Situated in the southern portion of Washington Township, 
the farm became the focal point for not only a means to 
support his family but also became the site of his future 
work in the cultivation of soybeans. Known locally as Wa-
Pa-Ka-Way Farm, a name Parsons gave the new purchase 
in recognition of the Native American identifi cation of the 
creek that bounded the farm. 15 After Parsons became fi rmly 
established in the world of soybean experimentation and 
propagation, he became active in growing soybean seed for 
sale and providing inoculated soil to other farmers around 
the Midwest. As the acreage sowed in soybeans increased 
over the early years of the twentieth century, Parsons 
established contact with Joseph E. Wing of Mechanicsburg, 
Ohio, the owner of the Wing Seed Company. Accurate 
records of the actual amounts sold to Wing Seed are not 
available but an account states, ‘He [Parsons] sold seed 
by the carload to the Wing Seed Company of Ohio.’ As an 
understanding for the need to use inoculated soil grew in the 
agricultural community 1910s, Parsons developed a business 
shipping inoculating soil to farmers in Iowa, Ohio, Kentucky, 
West Virginia, and Illinois. A little bit of Hendricks County, 
Indiana, went a long way to bring in a good crop of 
soybeans. 16
 “Parsons’ reputation as a soybean pioneer in the state of 
Indiana is a matter of record. His introduction of the plant 
in the late 1880s and subsequent propagation of interest in 
the plant set the stage for its acceptance by even his most 
vocal of critics. As one article from 1931 stated, ‘Soy beans 
were a joke in former years,’ and he [Parsons] ‘practiced the 
theory of inoculation while most men scoffed at it.’ To say he 
was ahead of his time is an understatement. The experiment 
station of Purdue University began seriously studying 
soybeans in 1898, some years after Parsons began his 
homegrown breeding activities. His work with soybeans and 
hog fattening mirrored the work being done at the Kansas 
Experiment Station where they found that ‘hogs fattened 
with soybean meal’ went to market four to fi ve weeks earlier 
than those fed other fodder (footnote 17)
 “Under Parsons’s management soybeans and soil were 
not the only items for sale to other folks. His dairy operation 
provided butter and milk to the local community. He sold 
milk to a local manufacturer of ice cream (Ballard Ice 

Cream), bred and sold livestock, sold chickens and eggs, 
and, late in life, he took an interest in raising bees. Parsons 
made presentations to the Indiana State Horticultural Society 
on occasion. He kept records about almost everything on the 
farm, including a home recipe spray for aphids, the purchase 
of land for investment, what he paid for groceries in town, a 
sugar cure for pork, and a recipe for a corrosive liniment for 
treating all manners of ailments in horses. A note included 
with the recipe mentions its use on humans but the list of 
ingredients would scare most people (footnote 18).
 Lee Parsons writes (29 June 2014): “This application 
is NOT predicated on the erroneous contention that Adrian 
Parsons was the fi rst person to introduce soybeans to the 
state of Indiana. It is instead predicated fi rst on the antiquity 
and exceptional physical integrity of the farmstead as an 
example of a typical small self-suffi cient Indiana farmstead 
of over a hundred years ago, and second on the connection 
of this farmstead to a person who made unique and lasting 
contributions to the development of Indiana agriculture, as 
Indiana’s acknowledged soybean pioneer. Whether Adrian 
Parsons was or was not the ‘fi rst’ soybean grower in Indiana 
(and we all agree he likely was not) is irrelevant to the 
qualifi cations of this property for the National Register.” 
Address: Hendricks Co., Indiana.

2949. Matusso, J.M.M.; Mugwe, J.N.; Mucheru-Muna, M. 
2014. Potential role of cereal-legume intercropping systems 
in integrated soil fertility management in smallholder 
farming systems of Sub-Saharan Africa. J. of Agricultural 
and Environmental Management 3(3):162-174. March. [131 
ref]
• Summary: “Sub-Saharan Africa’s population is growing 
exponentially and it has to fulfi ll its food and nutrition 
requirement. An attractive strategy for increasing 
productivity and labour utilization per unit area of available 
land is to intensify land use. Intercropping is advanced as 
one of the integrated soil fertility management practices 
consisting of cultivating two or more crops in the same 
space at the same time, which have been practiced in 
past decades and achieved the goals of agriculture. Also, 
intercropping systems are benefi cial to the smallholder 
farmers in the low-input and/or high-risk environment of 
the tropics, where intercropping of cereals and legumes is 
widespread among smallholder farmers due to the ability 
of the legume to contribute to addressing the problem 
of declining levels of soil fertility. The principal reasons 
for smallholder farmers to intercrop are fl exibility, profi t 
maximization, risk minimization, soil conservation and 
improvement of soil fertility, weed, pests and diseases 
control and balanced nutrition. This is a review paper that 
explores the role of cereal legume intercropping systems in 
integrated soil fertility management in smallholder farms of 
Sub-Saharan Africa. The intercropping systems are useful 
in terms of increasing productivity and profi tability, water 
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and radiation use effi ciency, control of weeds, pests and 
diseases. The critical role of biological nitrogen fi xation and 
the amounts of N transferred to associated non-leguminous 
crops determines the extent of benefi ts. In intercropping, 
land equivalent ratio (LER), benefi t cost ratio (BCR) and 
monetary advantage index (MAI) are used to assess the 
productivity and its economic benefi ts. In this study, the 
work carried out by various researchers about different 
intercropping system is discussed, and it would be benefi cial 
to the researchers who are involved in this fi eld.” Address: 1. 
Kenyatta Univ. (KU), Agricultural Resources Management 
Dep., P.O. Box 43844 -00100, Nairobi, Kenya.

2950. Mutuma, S.P.; Okello, J.J.; Karanja, N.K.; Woomer, 
P.L. 2014. Smallholder farmers’ use and profi tability of 
legume inoculants in western Kenya [on soybeans]. African 
Crop Science Journal 22(3):205-13. [Sept.]. [20 ref. Eng; 
fre]
• Summary: “Research on the use of Rhizobia inoculants 
has been conducted in Africa since 1950s. However, the 
technology has not been widely applied by farmers on the 
continent. In Kenya, wide-scale adoption of this innovation 
among the smallholder farmers is still low.
 “There was a signifi cant difference in yields between 
farmers who inoculate soybean (864 kg/ha) and those who 
do not (686 kg/ha) (P<0.01). The difference in gross margin 
achieved by inoculant users (US$278 per ha) and non-users 
was highly signifi cant (P<0.01).” Address: 1. Dep. of Land 
Resource Management and Agricultural Technology, Univ. of 
Nairobi, P.O. Box 29053, Nairobi, Kenya.

2951. Chikoye, David; Abaidoo, R.; Lum, A.F. 2014. 
Response of weeds and soil microorganisms to imazaquin 
and pendimethalin in cowpea and soybean. Crop Protection 
65:168-172. Nov. [47 ref]
• Summary: “The fi ndings of this study show that imazaquin 
is more effective than pendimethalin for preemergence weed 
control in cowpea and soybean. Imazaquin at all rates did 
not have adverse effects on both crops... This study has also 
shown that herbicides even at low rates reduce nodulation, 
nitrogen fi xation and VAM [vesicular-arbuscular mycorrhiza] 
colonisation.” Address: 1. International Institute of Tropical 
Agriculture (IITA). Zambia; 2. IITA, Nigeria; 3. University 
of Buea, Cameroon.

2952. IITA. 2014. Annual report 2014. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 80 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-
Report-2014-Print-version.pdf [30+ ref]
• Summary: Soy is mentioned 21 times in this annual report. 
Page 7: Our Vision of Success: IITA’s vision of success is in 
line with that of CGIAR and focuses on the four system level 
outcomes (SLO) described in CGIAR’s Strategic Results 
Framework (SRF), namely, (1) increase in food security, (2) 

reduction of rural poverty, (3) reduction of undernutrition, 
and (4) more sustainable management of natural resources.
 “IITA will advance these SLOs by increasing the 
yields of major staple food crops, such as cassava, yam, 
maize, banana/plantain, soybean, and cowpea, by 60%; 
increasing average farm income by 50%; lifting 15% of poor 
households-over 11 million Africans-above the poverty line; 
reducing the number of malnourished children by 30%; and 
restoring and revitalizing 40% of degrading farmlands to 
sustainable resource management-equivalent to about 7.5 
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million hectares. IITA will operate through decentralized 
but integrated regional research programs working on 
major agricultural constraints in Africa, specifi cally on 
crops, farming systems, and their natural resource base, 
and the CGIAR Research Programs that foster innovative 
partnerships and the outscaling of technologies developed in 
sub-Saharan Africa to the global tropics.
 Note: CGIAR, founded in 1971, was formerly The 
Consultative Group for International Agricultural Research. 
It works “through a network of 15 research centers known 
as the CGIAR Consortium of International Agricultural 
Research Centers. These research centers are spread around 
the globe, with most centers located in the Global South,...” 
One of these centers is the International Institute of Tropical 
Agriculture (IITA), headquartered in Ibadan, Nigeria. The 
Director General of IITA is Dr. Nteranya Sanginga, whose 
portrait photo is shown on p. 4, together with a message from 
him.
 Pages 25-26: In the section on “Agribusiness.” 
“Nodumax–Giving legumes a good fi x. The NoduMax 
legume inoculant is a product that contains nitrogen-
fi xing rhizobia able to colonize the roots of soybean and 
literally transform the crop into a ‘biological factory’ 
drawing valuable nitrogen from the atmosphere, improving 
both the crop and soil. The development of NoduMax 
as an enterprise within the IITA Business Incubation 

Platform (BIP) is indeed timely considering that soybean 
farmers in West Africa lack access to this product. The year 
2014 was an ambitious one for NoduMax as it witnessed 
the completion of its factory [in April 2014] within the 
BIP complex, several months of product development, 
adjustments to its production line, and the establishment of 
quality assurance, registration, and marketing activities.
 Photos show the 240 square meter factory and workers 
packaging NoduMax at the BIP facility. “The fi rst batches of 
the NoduMax inoculant have been produced and packaged, 
with labeling that conforms with international standards.”
 Page 50: “Demonstration trials in DR Congo highlight 
the benefi ts of inoculation and P fertilizer on legume growth 
and nodulation [control = no phosphorus or inoculant 
added; +Pfert = Phosphorus added; +ino = Inoculant 
added; +Pfert+ino = both phosphorus and inoculant added]. 
Six photos show soybeans growing under the difference 
experimental conditions.
 A bibliography at the end cites publications relating 
to IITA’s work. Address: PMB 5320, Oyo Road, Ibadan, 
Nigeria.

2953. Soybean Innovation Lab Newsletter. 2015. Two 
Success Stories, One Mission: SMART Farm established in 
Ghana. Jan. 2 p. http://soybeaninnovationlab.illinois.edu/
fi les/Soybean%20Innovation%20Lab%20Newsletter%20
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-%20January%202015.pdf
• Summary: “Sub-Saharan Africa’s fi rst Soybean 
Management with Appropriate Research and Technology 
(SMART) Farm was established in 2014 at the Savanna 
Agricultural Research Institute (SARI) in Tamale, Ghana. 
The SMART Farm is an innovative approach, providing the 
foundational agronomic research necessary for successful 
soybean production in the region.
 “The SMART Farm fi lls a signifi cant gap in knowledge 
among researchers, extensionists, the private sector, 
contractors, NGOs and farmers regarding proper soybean 
production techniques; soil correction and preparation; weed, 
fungi, and insect management; environmental stewardship, 
and varietal performance and selection criteria. The SMART 
farm replaces anecdotal guidance with regular, formal, and 
scientifi cally produced guidance for the industry, while 
simultaneously engaging in deep capacity and institution 
building with partners at SARI.
 “Research and collaboration occurs at all three SARI 
locations: the main headquarters at Tamale, and the fi eld 
stations of Wa and Bawku. The SMART Farm evaluates 
issues related to germination, planting date, soil amendments 
including phosphorous and inoculum, planting methods 
and varietal performance. The farm also serves as a hub 
for research related to seed quality, soil improvement, and 
nodulation. The SMART Farm approach also involves 
capacity and institution building as the SIL team works hand-
in-hand with Ghanaian researchers and technicians. The 
SMART Farm research model is innovative because of its 
ability to readily translate research into appropriate practices 
for adoption by those engaged in soybean production and 
development. The SMART Farm involves an integrated 
research platform spanning from germplasm development to 
agronomic practices, seed management, and environmental 
stewardship research all in one location.
 Color photos show: (1) Dr. Nicholas Denwar, Soybean 
Breeder at Savanna Agricultural Research Institute (SARI), 
and staff stand next to their new soybean thresher, which 
enables them to increase the size and success of the 
institute’s plant breeding efforts.
 (2) Dr. Brian Diers, Co-Principal Investigator for SIL’s 
plant breeding efforts with the University of Illinois, stands 
with Dr. Denwar at the research plots in Tamale, Ghana.
 Household adoption research underway Understanding 
how soybean adoption can successfully take place at 
the household level involves many different research 
aspects. SIL researchers are collaborating to understand 
the economic, gender and nutritional impacts of household 
soybean production through a randomized controlled study 
of 2,400 households in Mozambique and Ghana. Through 
the provision of a ‘soybean success kit’ containing seed, 
fertilizer, inoculum and extension material, SIL researchers 
are engaged in a multi-year study to understand how 
soybeans can most successfully be grown and utilized at the 

household level. Nine villages were selected in Mozambique 
and Ghana to participate in the household adoption research. 
Baseline household surveys were conducted in 2014 
using the Women’s Empowerment in Agriculture Index 
(WEAI) survey instrument with annual follow-up occurring 
throughout the duration of SIL’s fi ve-year program. The 
soybean success kits were distributed to two-thirds of the 
villages in each country as part of a controlled research study 
evaluating the full soybean value chain from input markets 
through to grain sale and local utilization. SIL’s research 
addresses within sustainable soybean systems issues of 
technology adoption and drivers for adoption, value chains 
and the role of credit and savings, crop and utilization 
budgets, and gender equity.
 “Because soybean is a commercial, non-native and 
nonstaple crop, there exist a number of bottlenecks that may 
limit the adoption by small and medium scale farmers. SIL is 
providing the fi rst rigorously conducted research on soybean 
sustainability in Sub-Saharan Africa, specifi cally addressing 
the role of small holders in commercial value chains and the 
role of women within soybean production and utilization 
systems.”
 A photo shows: (1) “SIL partnered with IIAM’s local 
extension agents to provide education on the proper planting, 
harvesting and use of soybeans to participants of socio-
economic research in Mozambique.”
 (2) “Dr. Dan Reynolds, SIL Production and Agronomy 
Research Lead, stands in a soybean research fi eld with SARI 
staff and Dr. George Awuni, SMART Farm Manager.”
 (3) Dr. Awuni & Dr. Denwar discuss research underway 
at SARI.
 (4) “Dr. Kerry Clark assists IIAM agents in distributing 
soybean success kits in Mozambique.”
 Note: This is the fi rst story in the fi rst issue of this online 
periodical. To see an archive of all issues, go to the “Soybean 
Innovation Lab” website. On the home page click “news 
& events.” There you will see archives of (1) Newsletters 
(monthly). (2) Weekly Digests. (3) In the Press. (4) Events.

2954. Soybean Innovation Lab Newsletter. 2015. Two 
Success Stories, One Mission: Household adoption research 
underway. Jan. 2 p. http://soybeaninnovationlab.illinois.edu/
fi les/Soybean%20Innovation%20Lab%20Newsletter%20
-%20January%202015.pdf
• Summary: “Understanding how soybean adoption can 
successfully take place at the household level involves many 
different research aspects. SIL researchers are collaborating 
to understand the economic, gender and nutritional impacts 
of household soybean production through a randomized 
controlled study of 2,400 households in Mozambique and 
Ghana. Through the provision of a ‘soybean success kit’ 
containing seed, fertilizer, inoculum and extension material, 
SIL researchers are engaged in a multi-year study to 
understand how soybeans can most successfully be grown 
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and utilized at the household level. Nine villages were 
selected in Mozambique and Ghana to participate in the 
household adoption research. Baseline household surveys 
were conducted in 2014 using the Women’s Empowerment 
in Agriculture Index (WEAI) survey instrument with annual 
follow-up occurring throughout the duration of SIL’s fi ve-
year program. The soybean success kits were distributed 
to two-thirds of the villages in each country as part of a 
controlled research study evaluating the full soybean value 
chain from input markets through to grain sale and local 
utilization. SIL’s research addresses within sustainable 
soybean systems issues of technology adoption and drivers 
for adoption, value chains and the role of credit and savings, 
crop and utilization budgets, and gender equity.
 “Because soybean is a commercial, non-native and 
nonstaple crop, there exist a number of bottlenecks that may 
limit the adoption by small and medium scale farmers. SIL is 
providing the fi rst rigorously conducted research on soybean 
sustainability in Sub-Saharan Africa, specifi cally addressing 
the role of small holders in commercial value chains and the 
role of women within soybean production and utilization 
systems.”
 A photo shows: (1) “SIL partnered with IIAM’s local 
extension agents to provide education on the proper planting, 
harvesting and use of soybeans to participants of socio-
economic research in Mozambique.”
 (2) “Dr. Dan Reynolds, SIL Production and Agronomy 
Research Lead, stands in a soybean research fi eld with SARI 
staff and Dr. George Awuni, SMART Farm Manager.”
 (3) Dr. Awuni & Dr. Denwar discuss research underway 
at SARI.
 (4) “Dr. Kerry Clark assists IIAM agents in distributing 
soybean success kits in Mozambique.”

2955. Yokoyama, Sho. 2015. [Characterization and 
utilization of biofertilizer microorganisms (Japan Soil 
Fertilizer Society Awards Award)]. Nihon Dojo Hiryogaku 
Zasshi (J. of Soil Science and Plant Nutrition) 86(5):351-55. 
Oct. 5. [30 ref. Jap]
Address: Japan.

2956. Saeki, Yuichi. 2015. [Symbiotic world dominated 
by soil microorganisms: introduction to the advanced 
research on symbiosis and their applications to agriculture. 
1: Ecological study of soybean-nodulating rhizobia and its 
application for agriculture]. Nihon Dojo Hiryogaku Zasshi 
(J. of Soil Science and Plant Nutrition) 86(6):575-81. Dec. 5. 
[30 ref. Jap]
Address: Japan.

2957. Balume, I.K.; Keya, O.; Karanja, N.K.; Woomer, P.L. 
2015. Shelf-life of legume inoculants in different carrier 
materials available in East Africa. African Crop Science 
Journal 23(4):379-85. [Dec.]. [23 ref. Eng; fre]

• Summary: The shelf-life of legume inoculants is short in 
warm or tropical regions. BIOFIX is one of the commercially 
available rhizobia/legume inoculants in East Africa.
 Note: Soy is mentioned 7 times in this article. Address: 
1-3. Department of Land Resource Management and 
Agricultural Technology, University of Nairobi, P.O. Box 
29053, Nairobi, Kenya.

2958. IITA. 2015. Annual report 2015. Ibadan, Nigeria: 
International Institute of Tropical Agriculture (IITA). 76 p. 
http://newint.iita.org/wp-content/uploads/2016/04/Annual-
Report-2015.pdf [30+ ref]
• Summary: Soy is mentioned 50 times in this annual report.
 Page 12: “The year 2015 also saw the addition of several 
new items in IYA’s high-value snack food product lineup. 
These new products included Tidbit Delight, Sneh balls, and 
croquant which are produced from maize, cowpea, soybean, 
and high-quality cassava fl our.”
 Page 42: Concerning CIALCA, “The Consortium 
for Improving Agriculture-based Livelihoods in Central 
Africa:” “More than 1000 trainers from partner organizations 
were trained on novel production technologies, such as 
new varieties and improved soil management, and novel 
processing technologies, such as soybean milk.”
 Pages 52-53: “Of grains and gains: Realizing the 
potential of soybean in Mozambique, Steve Boahen, IITA-
Mozambique. There is a lot going for soybean (or `soya’) in 
Mozambique. Although a relative newcomer to the country, 
the crop offers vast income opportunities for smallholder 
farmers particularly those in the high rainfall areas such as 
Zambezia, Lichinga, Nampula, Manica, and Tete provinces. 
Production and prices are improving. Back in 2004, soya 
production was estimated at 770-880 t [metric tons] with 
an average yield of 450 kg/ha (Estrada, 2004). Today, the 
average yield is estimated at 1300 kg/ha and total production 
is about 50,000 t (Luis Pereira, Technoserve, pers. comm., 
2014). In 2006, the prevailing farm-gate price/kg for soybean 
grain was 7-9 meticais (MZM) ($0.25-0.33). By August 
2013, the price had doubled, hovering at about 18 MZM/
kg ($0.64). The growing domestic poultry industry also has 
a high demand for soybean which is largely met through 
imports of soybean cake from Argentina, Brazil, and India.
 “The available regional market and attractive farm-
gate prices with an inadequate domestic supply offer a huge 
growth potential to soybean in Mozambique. Despite the 
rosy outlook smallholder farmers are still hampered by low 
production due to a lack of good quality seeds of locally 
adapted varieties, and poor crop management practices. IITA 
and USAID, with other partners, are changing that situation.
 “Planting the grains of success: Through the USAID-
supported Platform Mozambique Project (2009-2015) and 
in partnership with the Instituto de Investigaçao Agrária de 
Moçambique (Mozambique National Agricultural Research 
Institute, or IIAM), NGOs, and farmers associations, IITA 
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introduced fi ve soybean varieties [Sana (TGx 1485- 1D), 
Wàmini (TGx1740-2F), Zamboane (TGx 1904-6F), Wima 
(TGx 1908-8F) and Olima (TGx 1937-1F)] that have been 
offi cially released in Mozambique. The varieties were 
selected through on-farm participatory variety selection, 
ensuring that their characteristics are well suited to local 
conditions and needs. The varieties are high-yielding, and 
tolerant of drought and most of the common diseases; they 
yield >40% more grains (2 t/ha) than the widely grown 
local varieties. They can also fi x a large proportion of their 
nitrogen requirements from the atmosphere, thereby reducing 
the need for nitrogen fertilizers and lowering input costs for 
farmers.
 “To get the best out of these varieties, the project 
developed complementary management practices to 
maximize their potential under smallholders’ farming 
conditions. These practices included best planting 
times in different production zones, appropriate row-
spacing, optimum plant populations, phosphorus fertility 
management, inoculation, and appropriate cropping systems. 
These practices were then developed into `technology 
packs’ and disseminated to smallholders and extension 
agents across the soybean production zones through on-
farm demonstrations, fi eld days, fi eld visits, and training 
workshops. This was done in collaboration with various 
other initiatives led by IIAM, IITA, CLUSA (Cooperative 
League of USA), Technoserve, IKURU (Empresa Comercial 
dos Productores Associados), and Inovagro. Through 
these channels, farmers, for example, became aware of the 
negative consequences of late planting, such as a yield loss 
of at least 50 kg/ha for every day of delay in planting after 
the fi rst planting date. At the prevailing farm-gate price, this 
translates to a loss of $20/ha for every day that planting is 
delayed.
 “Gains on the ground: The combined efforts of IITA 
and USAID are already starting to change the lives of 
Mozambican smallholder farmers.
 “Take the case of 48-year old Florinda Biriate, who 
started producing soybean 10 years ago. ‘My initial foray 
into soya production was in 2006 when I cultivated one 
hectare. I harvested 13 bags (approximately 650 kg/ha at 1 
bag equals about 50 kg) of grains which I sold at around 5-7 
MZM/kg ($0.18-0.25). Encouraged with this, I gradually 
increased my soybean area every year until I reached 8 ha in 
2010. At that time, I produced 237 bags (about 11,850 kg) of 
grains, selling them at 15 MZM ($0.54)/kg.’
 “Florinda got the highest price for her soya in 2011 
when she sold it at 17-19 MZM/ kg ($0.60-0.67). This, she 
said, was a game-changer for her. ‘The price and the high 
yield of soya motivated me to grow more of it than any other 
crop,’ she explained.
 “In 2014, she cultivated 6 ha of soya, with 5 ha for grain 
and 1 ha for certifi ed seeds. She harvested 1,500 kg/ha from 
the fi rst and 1,150 kg/ha from the second ‘I used to get just 

600 kg/ha of soya, but now my harvests have more than 
doubled!’
 “Asked what turned things around for her, she said, ‘It 
was the support that I received through the USAID project 
with the technical backstopping of IITA and CLUSA. With 
the knowledge gained from them, not only did I get better 
yields but also reduced labor. I now plant my soya in early 
December and in straight lines of 50 cm by 10 cm instead of 
in the traditional scattered planting. Previously, I weeded 3 or 
4 times before harvest but now I weed only twice, sometimes 
even once. It is also easier to weed when the plants are in 
line.’
 “’I lost my husband two years ago so I farm alone now. 
These technologies not only make things better but also 
easier for me and my children,’ added Florinda.
 “’With my earnings from soya, I was able to buy two 
refrigerators, a motorbike, two bicycles, a television with 
a satellite dish so I can watch news from around the world, 
a DVD player so that my kids can watch movies any time, 
and I have money to send them to school. Best of all I am 
building a new house,’ she related happily.”
 “Another farmer, Fernando Maliango, also recounted his 
soya journey.”
 Other gains in a grain: The Platform Mozambique 
Project has trained more than 5700 farmers, 230 extension 
agents, and technicians on improved soybean production 
practices, and 1327 fi nal-year students from local universities 
and polytechnics on a 6-month fi eld training internship. 
In addition, it introduced soybean-fortifi ed local dishes to 
more than 26,000 people to enhance the quality of their diet. 
The project also established 450 demonstration plots and 
organized more than 100 farmers’ fi eld days and fi eld visits. 
More than 100 t of foundation seeds were made available to 
partners. It is estimated that the project has directly benefi ted 
more than 50,000 households, and has indirectly reached 
even more. Farmers continue to test different varieties to 
fi nd those with the highest potential on their farms. Average 
yields have increased from 700 kg/ha at project start to 1300 
kg/ha presently. Incomes from soybean have also increased 
by about 56% among adopters of improved technologies 
introduced by the project. Such technologies, such as 
soybean-maize rotation planting, have also led to average 
yield increases of 21-1000% for maize when planted after 
soybean compared with the common practice of planting 
maize-after-maize with no fertilization.
 Photos (p. 53) show Florinda and Fernando.
 Pages 54-55: “DeMISSTifying the soybean seed system 
in Malawi, by Akinwale Gbenga, IITA-Malawi:
 “In Malawi, soybean is the lifeblood of thousands of 
smallholder farmers. It offers them a myriad opportunities: 
a readily available market, attractive farm-gate prices, and 
the potential to improve their nutritional security. However, 
current production levels are low, averaging less than 1 t/
ha. There is minimal adoption of improved varieties and 
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agronomic practices because these farmers, in particular, 
have limited access to better varieties.
 “The Malawi Improved Seed Systems and Technologies 
(MISST) project is led by IITA, supported by USAID’s 
Feed-the-Future Initiative, and co-implemented by IITA, 
ICRISAT, CIMMYT, and CIP.” Address: PMB 5320, Oyo 
Road, Ibadan, Nigeria.

2959. Ohkamu-Ohtsu, N.; Ichida, S.; Yamaya, H.; Ohwada, 
T.; et al. 2015. Peribacteroid solution of soybean root 
nodules partly induces genomic loci for differentiation into 
bacteroids of free-living Bradyrhizobium japonicum cells. 
Soil Science and Plant Nutrition 61:461-70. *

2960. Ronner, E.; Franke, A.C.; Vanlauwe, B.; Dianda, M.; 
Edeh, E.; Ukem, B.; Bala, A.; van Heerwaarden, J.; Giller, 
K.E. 2016. Understanding variability in soybean yield and 
response to P-fertilizer and rhizobium inoculants on farmers’ 
fi elds in northern Nigeria. Field Crops Research 186:133-45. 
Feb. 1. [73 ref]
• Summary: “Abstract: Soybean yields could benefi t from 
the use of improved varieties, phosphate-fertilizer and 
rhizobium inoculants. In this study, we evaluated the results 
of widespread testing of promiscuous soybean varieties 
with four treatments: no inputs (control); SSP fertilizer 
(P); inoculants (I) and SSP plus inoculants (P + I) among 
smallholder farmers in northern Nigeria in 2011 and 2012.”
 A strong response to both the fertilizer and inoculants 
was observed; they signifi cantly increased soybean seed 
yields by 452 and 447 kg per ha respectively; using both 
together gave the best average yields (777 kg/ha). The 
response to inoculum was more profi table due to its low 
cost. Address: 1-2. Plant Production Systems, Wageningen 
University, P.O. Box 430, 6700 AK Wageningen, The 
Netherlands.

2961. Agoyi, E.E.; Afutu, E.; Tumuhairwe, J.B.; Odong, 
T.L.; Tukamuhabwa, P. 2016. Screening soybean genotypes 
for promiscuous symbiotic association with Bradyrhizobium 
strains. African Crop Science Journal 24(1):49-59. [March]. 
[35 ref. Eng; fre]
• Summary: “A highly positive correlation was shown 
between dry weight of nodules and nodule number. This 
study proposes the soybean genotypes NamII, WonderSoya, 
Bulindi 48C, NamSoy 4M, MakSoy 3N, NamSoy 3, 
K-Local, Kabanyolo 1, UG 5, Soprano, MakSoy 2N, and 
MakSoy 5N as potential parental materials for subsequent 
breeding work.” Address: Dep. of Agricultural Production, 
Makerere Univ., P. O. Box 7062, Kampala, Uganda.

2962. Mapope, Nyamande; Dakora, F.D. 2016. N2 fi xation, 
carbon accumulation, and plant water relations in soybean 
(Glycine max L. Merrill) varieties sampled from farmers’ 
fi elds in South Africa, measured using 15N and 13C natural 

abundance. Agriculture, Ecosystems and Environment 
221:174-186. April 1. [50 ref]
• Summary: The sampling was conducted in 37 farmers’ 
fi elds across the soybean-producing region of South Africa. 
The results “revealed signifi cant differences in all the 
parameters measured. Shoot dry matter ranged from 17 to 
104 g per plant, delta 15N from -1.11 to +5.51%, percent N 
derived from fi xation from 21 to 96%, and N-fi xed varied 
from 18 to 298 kg of nitrogen per N hectare. The high delta 
15N and low %Ndfa in some soybean genotypes were due 
to inhibition of N2 fi xation by soil N uptake.” Address: 1. 
Dep. of Crop Sciences, Faculty of Science, Tshwane Univ. of 
Technology, Private Bag X680, 175 Nelson Mandela Drive, 
Pretoria 0001, South Africa.

2963. Kaschuk, Glaciela; Nogueira, M.A.; de Luca, 
M.J.; Hungria, M. 2016. Response of determinate and 
indeterminate soybean cultivars to basal and topdressing 
N fertilization compared to sole inoculation with 
Bradyrhizobium. Field Crops Research 195:21-27. Aug. 15. 
[36 ref]
• Summary: The soybean is well known to have high 
nitrogen (N) requirements, about 80 kg of N to produce 
1000 kg of grains / seeds. The soybean cab acquire this 
nitrogen either from the atmosphere (through symbiotic 
nitrogen fi xation) or from nitrogen in the soil. The soybean’s 
need for nitrogen is greatest at the onset of pod fi lling. 
This experiment in Brazil found: “N fertilizer negatively 
affected nodule number and dry weight, pointing out a down-
regulation in the symbiotic performance, without improving 
crop yields. Similar results were observed in cultivars of both 
growth types, indicating that biological nitrogen fi xation 
can supply N needs of new soybean genotypes of both 
growth types” [determinate or indeterminate]. Address: 1. 
Departamento de Solos e Engenharia Agrícola, Universidade 
Federal do Paraná, Rua dos Funcionários, 1540, 80035-050, 
Curitiba, Paraná, Brazil.

2964. Thompson, Dennis. 2016. Soybeans are an 
increasingly important crop in Ethiopia, Ghana and Zambia. 
Soybean Innovation Lab Weekly Digest 1(2):1. Nov. 20. 
https://us10.campaign-archive.com/?u=94232d99724faa322d
3fa5543&id=2931503ec0
• Summary: A large color photo shows an African woman 
working in a fi eld of soybeans.
 “The Soybean Innovation Lab provides technical 
support to plant breeders in Ethiopia, Ghana and Zambia 
working to expand genetic diversity and improve soybean 
varieties to increase yield. Soybean Innovation Lab 
researcher Dr. Dennis Thompson writes about this ongoing 
collaboration in this article from Seed World Magazine.
 “Last fall, three African soybean breeders visited 
the University of Missouri and University of Illinois, in 
collaboration with the U.S. Soybean Innovation Lab (SIL), 
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to observe advanced plant breeding techniques and program 
management approaches.
 “Soybeans are considered to be a recent introduction 
to Ethiopia. While early forays took place in the 1950s, it 
wasn’t until 2002 that breeding programs emerged and a 
means to govern varietal releases was established.
 “Abush Tesfaye made his fi rst soybean cross in 2010 
while pursuing his doctorate. Today, he is responsible for 
coordinating all crop research activities at Ethiopia’s Jimma 
Agricultural Research Center. He coordinates pulses, oil 
and fi ber research and serves as the Soybean Innovation Lab 
coordinator. Like many in the developing world, he is spread 
much too thin to maximize his contribution to plant breeding.
 “The take-away message for Tesfaye from his U.S. visit? 
In his words: ‘I considered selection of 200 single plants 
from segregating populations of 9x9 bi-parental crosses a 
very high number. They [Illinois and Missouri researchers] 
select 10,000 to 15,000 single plants from nearly the same 
size of bi-parental crosses. My visit completely changed my 
understanding.’
 “Challenge Accepted: Viewing soybean as a very 
important crop, Godfree Chigeza, already a successful maize 
breeder, accepted the challenge of becoming the Zambian-
based southern Africa regional soybean breeder for the 
International Institute of Tropical Agriculture (IITA).
 “But fi rst he had to establish research fi eld sites. 
Field sites had to be carved out of existing forest and non-
productive parcels of land and readied for research. All 
the while, those fi rst-season efforts were bombarded with 
excessive rainfall and then not near enough.
 “Chigeza’s major focus is to develop high yielding 
and stable varieties with tolerance to abiotic stresses and 
biotic stresses. ‘Soybean breeding and deployment for 
Africa, and packaging technology in the seed in the form of 
improved varieties, is the most effective method of reaching 
smallholder farmers,’ he says.
 “IITA encouraged a seasoned professional to willingly 
modify his career. This shows the potential of the global pool 
of highly trained and motivated professionals.
 “Different Paths: In Ghana, based at the Savanna 
Agricultural Research Institute (SARI), is SIL project 
leader Nicholas Denwar. He cites the lack of diversity in 
the available soybean gene pool as a major problem. Low 
latitude soybean adaptability being a limiting factor, progress 
is being made by crossing local adapted varieties with others 
exhibiting some degree of low latitude adaptability.
 “Denwar is nearing completion of his third SIL crop 
cycle and expects to soon harvest F5 soybeans from initial 
crosses. From this, he will select candidate lines for inclusion 
in his 2017 preliminary yield trial program.
 “The number of trial entries in his program has 
increased, and he now employs the use of mechanical 
threshers. Due to the recognized importance of inoculants 
in soybean cultivation, he evaluates elite lines and pipeline 

varieties for their response to commercially available sources 
of rhizobia.
 “A burning desire exists within Denwar, Tesfaye and 
Chigeza to breed better soybeans. Yet, the pathways they 
must follow to achieve success will undoubtedly differ.
 “Source: Seed World Magazine.”

2965. Soybean Innovation Lab Weekly Digest. 2016. For 
Mozambican smallholders, soybeans hold the key. 1(4):1. 
Dec. 4. https://us10.campaign-archive.com/?u=94232d99724
faa322d3fa5543&id=82ffe62db0
• Summary: “The Soybean Innovation Lab provides 
intensive village level trainings and workshops focused 
on soy processing, soy nutrition and soy integration into 
local cooking applications through interactive and hands-on 
workshops. Read more in this story featured in the Feed the 
Future November Newsletter!
 Click the “Feed the Future” link. A large color photo 
shows: Dr. Marilyn Nash “Women in the village of 
Munhinga in Mozambique press ground and cooked soy 
through a cheesecloth to make soy milk at a village level 
training conducted by the Soybean Innovation Lab.
 “In the rural villages of Mozambique, smallholder 
farmers are planting and harvesting more soybeans. The 
potential benefi ts of this protein-rich crop are promising: 
Soybeans hold the key to signifi cantly improve nutrition in 
Mozambique, a country with one of the highest levels of 
chronic malnutrition in Africa.
 “But the road to progress hasn’t been so simple. 
Growing more soybeans is only the fi rst step; sooner or later, 
the soybeans have to fi nd their way from the fi elds into the 
cooking pots and diets of Mozambican households. The 
smallholder farmers who grow and harvest soybeans also 
have to be able to turn them into healthy meals.
 “To move soybeans from fi eld to fork, the Feed the 
Future Innovation Lab for Soybean Value Chain Research 
(also called the Feed the Future Soybean Innovation Lab) 
is leading an effort in three Mozambican villages to train 
local smallholder women famers in processing and cooking 
soybean dishes for their families to eat. Along with partners 
from the International Institute of Tropical Agriculture [IITA] 
and the Mozambican Institute of Agricultural Research, the 
project aims to introduce families and farmers to the many 
benefi ts of soybeans.
 “In each village workshop, women learn how to turn 
soybeans into soymilk, tofu and fl our that can be used in 
soy ogi, a local type of porridge. A taste-test is part of the 
training, and participants share samples of each new soy food 
with men, women and children in the village. The workshops 
also teach participants about basic nutrition, the role of 
protein in promoting healthy development of bones and 
bodies, and the value of adding soy-based protein to their 
families’ diets.
 “After the workshops, villagers expressed keen interest 
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in processing soybeans at home to improve their families’ 
nutrition and sell excess soy products for income.
 “Participants also receive Soybean Success Kits 
developed by the Feed the Future Soybean Innovation Lab. 
These kits include high quality seeds, inoculum and fertilizer 
as well as pictures that show how to grow the soybeans. 
Extension agents trained by this Feed the Future Innovation 
Lab instruct smallholder farmers in best practices for 
planting, cultivating and harvesting the soybeans. According 
to follow-up results, smallholder farmers who used the kits 
were able to double their crop yields, from 1 metric ton per 
hectare, to 2.3 metric tons per hectare. That makes all the 
difference, and means that farmers can increase profi ts, save 
more soybeans for consumption at home, and sustainably 
produce more soybeans in the future.
 “The Feed the Future Innovation Lab for Soybean 
Value Chain Research is USAID’s only comprehensive 
program dedicated to soybean research for development. 
An international team of tropical soybean experts provides 
technical support and knowledge to practitioners tasked 
with soybean development, including private sector fi rms, 
nongovernmental organizations, extensionists, agronomists 
and Africa’s National Agricultural Research System. For 
more information, visit soybeaninnovationlab.illinois.edu or 
contact soybeaninnovationlab@illinois.edu.”

2966. Klogo, Phanuel Y.; Ofori, J.K.; Glover, M.K.; 
Avumegah, P.K. 2016. Response of promiscuous and non-
promiscuous. Soybean (Glycine max (L) Merill) cultivars 
to indigenous Bradyrhizobium japonicum inoculation in 
three Ghanaian soils. International J. of Plant Science and 
Ecology 2(2):15-22. [28 ref]
• Summary: “Soybean, a recently introduced leguminous 
crop in West Africa, does not usually nodulate satisfactorily 
unless it is inoculated with selected rhizobial strains. The 
development of the Tropical Glycine Cross (TGx) soybean 
varieties by IITA has made it possible for this promiscuous 
varieties to nodulate with the naturally occurring strains with 
source belonging to the cowpea bradyrhizobia spp.” Address: 
1, 3&4. Agro Enterprise Development Dep., Faculty of 
Applied Sciences and Technology, Ho Polytechnic, Ho, 
Ghana.

2967. Soybean Innovation Lab Weekly Digest. 2017. How 
to grow soybean in Ghana. 2(1):1. Jan. 1. https://us10.
campaign-archive.com/?u=94232d99724faa322d3fa5543&id
=2869ab7ae1
• Summary: The 29-page guide for Ghana has one large 
color photo accompanying each block of text. As follows: 
“Soybean is an excellent crop to raise on your farm. Soybean 
is very nutritious and is a good substitute for meat. It can be 
made into many different types of food including milk, fl our 
and curd. Soybean plants interact with bacteria in the soil to 
grow better. All bean crops do this. Soybean has very deep 

roots that can fi nd water deep underground. Soybean can be 
sold to make money. You can save your best seed to replant 
the next year.
 “Plant soybean about as deep as the space between your 
fi nger joints. You can plant a little deeper, but must plant the 
seed into moist soil. If the seed dries up it will not come up.
 “Plant the rows about 2 foot steps apart. In the row, plant 
about 8 seeds for each foot step.
 “Soybean growth stages: from June to October. 
Soybeans take about 4 months to grow.
 “If your soybeans do not get taller than your knees when 
they are completely grown, you may need to grow a different 
variety of soybean.”
 “There is a life form in the soil called bacteria. A certain 
type of bacteria lives on the roots of all bean crops to make 
them grow better. These bacteria can be bought to add to 
your seed and is called inoculant. There may also be a little 
bit of this bacteria already living in your soil.
 “The dark green strips in the photo had inoculant added 
to the seed when it was planted. The light green strips did not 
have inoculant added to the seed. The dark green beans grow 
more and produce more. Beans can grow without inoculant 
but they do not grow as well.
 “You may be able to buy the bacteria to add to your 
seed. This is called inoculant. Inoculant may be brown 
colored or white colored. Keep it in the bag it comes in until 
you are ready to use it. Keep it cool and out of the sun and 
heat.
 “The bacteria in the inoculant makes these white bumps 
on the root. It is good if your beans have lots of these.
 “You have to mix the inoculant with your seed. Plant 
your seed immediately after mixing or the bacteria will die.
 “To make the inoculant stick to the seed you will have 
to add a tiny bit of a sugary drink to the seed or some sugar 
mixed with water. This makes the seed sticky.
 “Add the sticky sugar water to the seed and stir.
 “Then add the inoculant to the seed.
 “Stir together the seed, sugar water and inoculant and 
plant immediately.
 “Fertilizer also helps plants grow bigger and produce 
more for you to harvest. Phosphorus fertilizer is especially 
important for soybean.
 “Plants that don’t have fertilizer don’t grow as well and 
may have yellow or purple colors instead of dark green. 
Managing Your Crop Fields:
 “Do not burn the dead stalks from last year’s crops. Try 
to leave them on top of the soil like in this picture.
 “If you leave lots of dead stalks on top of the soil your 
crop will have more water because the sun doesn’t dry up the 
soil as much. Also, weeds will not grow as well.
 “This soil between these soybean rows is bare so the sun 
will dry it out faster than if it was covered with dead stalks.
 “Do not grow soybean in the same fi eld every year. 
Rotate it with corn, millet or sorghum.
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 “When your soybeans look like this, they are ready to 
harvest.
 “This is how many people harvest soybean in Africa 
[with wooden fl ails].
 “The women’s group in Bulenga, Ghana had a mechanic 
in Wa build this soybean thresher for a cost of 750 cedis.
 “Soybean: Eat Some. Sell Some. Save Some.
 “Soybean is very nutritious. You can make soy milk or 
soy fl our with the dry soy beans.
 “Make soy kebabs or soy patties.
 “Wet the seed to make edible sprouts, or boil the green 
pods in salt water and eat.
 “Sell some of your soybean crop to make money.
 “Save some of your best seed to replant next year. Save 
seeds in good, waterproof bags [in a cool place].
 “Save your best seed that is clean and healthy, like in 
these photos.
 “The seed in these photos is not healthy and will not 
grow well. Do not save seed like this to replant. Keep only 
the best seed for replanting.
 “The hot sun will make your seed die. Store seed for 
replanting in a cool, dry place out of the sun.”
 “The house with the grass roof will stay cooler for seed 
storage than the house with the metal roof.
 “If you store seed under a grass roof, make sure it does 
not leak rainwater.
 “Growing soybeans can help make you and your family 
healthier and happier.”
 “This document is made possible by the generous 
support of the American people through the United States 
Agency for International Development. The contents are 
the responsibility of the Soybean Innovation Lab and do not 
necessarily refl ect the views of USAID or the United States 
Government.”

2968. Clark, Kerry. 2017. Know your community: tropical 
legumes. Soybean Innovation Lab Weekly Digest. 2(2):1. Jan. 
15. https://us10.campaign-archive.com/?u=94232d99724faa3
22d3fa5543&id=ed2c84b4f4
• Summary: “Soybean Innovation Lab researcher Dr. Kerry 
Clark discusses the importance of collaboration between 
international and U.S.-based legume researchers through 
programs like the Soybean Innovation Lab (SIL). Programs 
like SIL work to raise legume production and yields in the 
tropics to improve the livelihoods of smallholder farmers 
and enable their participation in global soybean value chains. 
This story was featured in Crops, Soils, Agronomy (CSA) 
News Magazine produced by the Alliance of Crop, Soil, and 
Environmental Science Societies.” Click “Read story.”
 “Legumes are a critical component of global food and 
feed systems and are particularly important in the tropics 
where protein energy malnutrition is associated with millions 
of deaths each year. Legumes are attractive as a food security 
and environment-friendly crop because of their symbiotic 

relationship with soil microbes to fi x atmospheric nitrogen, 
thereby decreasing the reliance on nitrogen fertilizer inputs 
and leading to improved production system sustainability.
 “Long used as traditional food and forage, legumes 
can serve as a source of dietary protein, fl our, vegetable oil, 
a component of animal diets, a source of soil fertility as a 
green manure or intercrop, and have a myriad of industrial 
uses. However, many important legumes are not well adapted 
to tropical environments, and many other tropical legumes as 
so low yielding that they do not compete well in production 
priority with higher-yielding grain crops. To help raise 
legume production and yields in the tropics, the Tropical 
Legume Community of ASA provides a forum for advancing 
and sharing research on all aspects of tropical legumes 
including breeding, germplasm adaptation, agronomic 
production, nutrition, fertility needs, and smallholder access 
to legume seed. The community will assist in bringing 
together both U.S. and international researchers on tropical 
legumes to build collaborations and networks that we hope 
will lead to the strengthening of tropical legume research and 
funding opportunities.
 “In our community debut at the 2016 ASA Annual 
Meeting in Phoenix, oral and poster presentations covered 
the topics of legume nutrients, common bean physiology, 
green manure intercropping, seed policies, symbiotic 
nitrogen fi xation, and building soybean breeding and 
evaluation programs in Africa.
 “Some examples of community members working in 
tropical legumes include Julie Grossman at the University 
of Minnesota, who is exploring ways to better manage 
plant-soil-microbe relationships in order to enhance soil 
fertility with the ultimate goal of developing sustainable 
food production systems. Virupax Baligar is conducting 
collaborative research on perennial legume cover crops in 
Cacao plantations at the USDA-ARS Beltsville, Maryland 
Agricultural Research Center and research institutes in Brazil 
and Peru. At Michigan State University, the Sieg Snapp 
lab and a team of national and international collaborators 
have conducted action agroecology research for more than 
a decade with legumes in Africa where they have found 
sustainable production practices such as rotation with food 
legumes to be limited in scope.
 “At Texas A&M, Forrest Smith and Jim Muir focus 
on domesticating native legumes for regional use as 
forage, rangeland reseeding, prairie restoration, wildlife 
plantings, roadside revegetation, and ornamentals and 
have conducted similar efforts in northeastern Brazil and 
southern Mozambique. Kristin Bilyeu, with the USDA-ARS 
in Columbia, Missouri, and Dennis Thompson and Brian 
Diers, with the University of Illinois, are collaborators in 
the Feed the Future Soybean Innovation Lab, which helps to 
provide access to the global soybean revolution to African 
smallholder farmers.
 “Most of these programs have collaborations with 
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researchers in Africa, Asia, and Central and South America, 
and many U.S.-based labs are actively involved in training 
students from tropical countries in legume breeding, 
physiology, and agronomy. Although the majority of 
members of the Tropical Legumes Community are based 
in the United States, we are actively seeking new members 
from research programs in the tropics. We welcome 
suggestions on future programming to our leadership, Kerry 
Clark, chair, University of Missouri (clarkk@missouri.edu), 
and Dennis Thompson, vice-chair, University of Illinois 
(dennis@dennisthompsonllc.com).
 Photos: “Above: A doubled up legume technology 
with pigeonpea [pigeon pea] (Cajanus cajan) as an over 
story crop and peanut (Arachis hypogaea) as the understory. 
On-farm experiments are under way in Malawi evaluating 
the competition, impact on resources, and production of 
fuel wood, fodder, and nutritious food products. Photo by 
Sieg Snapp. Top right: Perennial peanut cover crop in a 
banana plantation. Photo by Virupax Baligar. Middle right: 
Soybean farming in Nigeria. Photo by Akinwale Akinsitan. 
Bottom right: Soybean production in Ghana. Photo by 
Dennis Thompson.” Address: Chair of the Tropical Legumes 
Community of ASA.

2969. Committee for the Establishment of a Korean Soybean 
Museum. 2017. Soybean storytelling. Translated from 
Korean by Diana Evans. Seoul, Korea: Lee Cherl-Ho (Korea 
Food Security Research Foundation); Publishing house: 
Sikanyeon. 187 + 156 p. April 5. Illust. No index. 23 cm. 
[50+ ref. Eng; Kor]
• Summary: This is the earliest known English-language 
book that describes Korean research into the origin of 
cultivated soybeans.
 This book is divided into two parts. One half is in 
English (187 p.). Turn the book over and the other half is in 
Korean (156 p).
 The Foreword begins by asserting that the cultivation of 
soybeans began in Korea, not in China. In 2001 Dr. Kwon 
Tai-wan, the founding director of the Korea Food Research 
Institute, formed the Committee for the establishment of a 
Korean Soybean Museum, which would inform visitors of 
the true history and use of soybeans.
 The letter of intent to establish the museum states that 
“Koreans were the fi rst to plant soybeans and to use them for 
food. Soybeans were used as food in Northeast Asia more 
than 2,000 years ago.”
 In 2014 the Soyworld Science Museum was established 
in the city of Yeongju, North Gyeongsang Province. 
“Soybean Storytelling” was vital to the exhibits and included 
in the museum catalogue.
 Contents: 1. The Origin of Soybeans: When Did We 
Begin to Eat Soybeans? Where Did Soybeans Originate? 
The Image of Soybeans Over Time, The Story of Soybeans 
through Historical Figures.

 2. The Culture of Soybeans and Sauce: The Origin of 
Soybean Food Products, Traditionally Processed Soybean 
Products, Korea’s Culture of Sauces, Varieties of Soybean 
Foods,
 3. The Growth and Ecology of Soybeans: Korean 
Soybean Varieties and Varietal Explanations, The Life Cycle 
of Soybeans, Variety Classifi cation by Use, Farming and 
Cultivation Methods.
 4. Processing & Utilization of Soybeans: Utilizing 
Soybeans, The Soybean’s Great Transformation, Soybeans, 
Food for the Citizens of the World.
 5. Nutrition and Functionality of Soybeans: Structure 
and Composition of Soybeans, Soybean Nutrition and 
Bioactive Substances, Functionality of Soybean Products, 
Effi cacy of Soy Foods on Various Diseases.
 6. The Future of Soybeans: Legumes and Nitrogen 
Fixation, Soybean Products Saving the Environment, 
Hope Seen in Afghanistan, Wild Soybeans vs. Genetically 
Modifi ed (GM Soybeans, Production and Trade of Soybeans, 
The Future of Korean Soybeans.
 Pages 16-17: “Charred remains of about 20 examples 
of rice grains and soybeans have been excavated from 
Neolithic lots in the village of Daecheon in Okcheon, North 
Chungcheong Province. Through radioactive carbon dating 
it has become clear that these date from the Late Neolithic, 
between about 3000-3500 BC, making them the oldest 
example of soybeans found on the Korean Peninsula.” The 
Korean nation originated 5000 years ago.
 Note: 2017 Sept. 24: Wm. Shurtleff asks Dr. Cheryl Ho 
Lee for the source of the information in the last paragraph 
above. Dr. Lee replies: “Concerning the Neolithic evidence 
of soybean cultivation in Korea, please see the book 
Kong (2005) page 46-48. There are two Neolithic remains 
metioned, (1) Okchoen Daejeonri, and (2) Jinju Sangchonri. 
The evidence for the carbonized beans found in Okchoen 
was not clear, but those in Jinju was more clear as shown in 
the photographs on page 48. From page 49 to 58, numerous 
Bronze Age soybean remains are described. This chapter 
(Chapter 2) was written by Dr. Cho Hyeon-jong of National 
Museum of Korea, as I mentioned earlier, and he must have 
the original paper bags on the excavations.”
 Page 18: “The opinion that soybeans originated on the 
Korean Peninsula and in Manchuria is founded on Japan’s 
Dr. Fukuda’s [1933] assertion that the division of wild 
soybeans led to many areas of origin.) The scholar most 
representative of the China origin theory is the United States’ 
Dr. Hymowitz, and his assertions are based on the 11th 
century BC text Yi Zhou Shu (The Lost Book of Zhou). In 
this Zhou dynasty history, mention is made of a bean called 
yungsuk (‘warrior plant,’ or wild beans). In the 11th century 
BC China’s northeastern region supported not just one 
tribe, but several Eastern Yi tribes. In the past the whole of 
Manchuria, China’s northeast region and stage of the Korean 
people’s activities, was known worldwide as the soybean’s 
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place of origin. However, Koreans now make their base 
on the Korean Peninsula and fi nd that wild soybeans grow 
naturally there, and the cultivated genetic variation is so high 
that Korea is also considered one of the places of origin of 
the soybean.”
 Note: Dr. Hymowitz’s assertions are based on the 
Shijing [The Book of Odes / The Classic of Poetry], not on 
the Yi Zhou Shu [The Lost Book of Zhou]. This key paper is: 
Hymowitz, T. 1970. “On the Domestication of the Soybean.” 
Economic Botany 24(4):408-21. Oct/Dec. (131 refs). 
Unfortunately it is not even cited in this Korean Soybean 
Storytelling book.
 Letter of 2 Aug. 2017 from Dr. Cheryl H. Lee:
 “I would like to add following record to your soybean 
chronology, as stated in Soybean Storytelling page 19:
 “623 BCE–Duke Huan of QI brought back the warrior 
beans (Yungsuk) from Sanyung when he defeated the 
Northeastern Yi tribes (The Lost Book of Zhou, 6th century 
BCE; Sima Qian’s Shiji). Guanzi reads, “Duke Huan of the 
state of Qi pushed the warring nomads north and brought 
back winter onions and warrior beans (Yungsuk), which now 
cover the land.”
 “It implies that Yungsuk was a superior variety of 
cultivated soybean compared to the beans found in China at 
that time. We read Chinese letter Su as Suk in Korean.
 “Several remains of soybean from the Late Neolithic 
Age (before 1500 BCE) and Early Bronze Age have been 
excavated in Korean peninsula (Soybean Storytelling, pages 
24-26; Cho, H.-J. in Kong, 2005 (Korean)).”

2970. Parsons, Lee. 2017. State Historical Marker to be 
erected for Adrian A. Parsons, Indiana’s soybean pioneer: 
Dedication slated for June 10, 2017 Parsons reunion. 
Historical Board approves State Historical Marker. Wa Pa Ke 
Way Review: Special Edition 17(1):1-3. April. [1 ref]
• Summary: Note: This newsletter is used for communicating 
among members of the Parsons family. At the top of page 1 
are portrait photos of Adrian A, Parsons and his wife Mary 
Fox Parsons. The person who is largely responsible for 
developing the application and seeing it through to the end 
was Lee Parsons, a descendant of Adrian Parsons, whose 
homestead was in Avon, Indiana.
 “The Indiana Historical Bureau (IHB), an agency of the 
State of Indiana, has given notice that on December 2, 2016, 
the Indiana Library and Historical Board approved a state 
historical marker for ‘Adrian A. Parsons, Indiana’s Soybean 
Pioneer’. IHB determined the wording for the marker, which 
is being produced as this is written. It is the intention to 
have the historical marker installed and ready for dedication 
by June 10, 2017, to coincide with our upcoming Parsons 
reunion on that date. It is to be located on the east side of 
County Road 625 E near the farm.
 “The Town of Avon has for several years advocated the 
erection of some type of tribute to AAP’s pioneering work 

with soybeans, and has generously fi nanced the production 
of this historical marker.
 “The Indiana Historical Bureau administers the State 
Historical Marker program. The application determined, 
as did AAP’s own contemporaries, that he deserved to be 
recognized as Indiana’s soybean pioneer.
 “In their research, Director Lighty and the IHB 
staff discovered about a dozen sources relating to AAP’s 
soybean work which were new or previously unavailable 
to the family. They include contributions or advertisements 
that were printed in publications such as Indiana Farmer, 
Indiana Farmer’s Guide, Ohio Farmer, Wallace’s Farmer, 
Breeder’s Gazette, and Hoard’s Dairyman. None of AAP’s 
writings are extensive, but they clearly document his early 
experimentation with and advocacy of soybeans.
 “A couple of these new sources establish defi nitively 
that AAP commenced raising annual successful crops of 
soybeans in 1894, but possibly was experimenting with 
them several years earlier. No other farmer in Indiana can be 
identifi ed as achieving sustained and benefi cial production 
earlier.
 “It is clear that from the beginning his prime interest in 
soybeans was enhancing soil fertility and livestock feeding 
value, not some speculative commodity value such as the 
‘coffee substitute’ promoted in some quarters in the early 
1890s. One article reveals that he started experimenting with 
cowpeas, another legume, as early as 1877. The sources also 
reveal that AAP was a very early and strong advocate of 
soybean inoculation to foster nitrogen fi xation in the roots.
 “In a 1912 article in Breeder’s Gazette, Charles B. Wing, 
one of the nation’s foremost farm seedmen, referred to “A.A. 
Parsons of Indiana [as] one of the oldest and largest growers 
[of soybeans] in the country...”
 “What is perhaps most interesting about some of the 
newly unearthed sources is the peculiar ways AAP expressed 
his advocacy. At times you could almost see the twinkle in 
his eye. There was, for example, the letter he wrote in 1906 
to the editor of Indiana Farmer newspaper, who had visited 
Wa Pa Ke Way farm back in September 1901 and published 
the fi rst general notice in the Indiana farm press of AAP’s 
already extensive and sophisticated soybean culture: “’When 
you were at our place you called me a soy bean crank. I 
hadn’t suspected it then, but it was a fact, and I grow worse 
as I get older.
 “That article in the Farmer of February 3 [1906], from 
Humphrey Jones, is worth the cost of the Indiana Farmer 
for 20 years. [Humphrey Jones was a prominent Ohio 
stockman, and his long article included an impassioned plea 
that farmers quit ‘mining’ their soils of nutrients by utilizing 
soybeans in their rotation to both replenish soil nitrogen and 
gain livestock feeding value.] He is a man that goes to the 
bottom of things. He came to our place about 6 years ago, on 
the strength of an article you published. I think it was on soy 
beans as a substitute for clover. Before he went away I sold 
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him seed for 300 acres, and he is another soy bean crank, as 
I am. It is a pleasure to ride a hobby horse (I have several) 
when we get too old to ride anything else. Clayton, Ind. A.A. 
Parsons’”
 “[This was written in that period of a few years (1902-
1907) when AAP lived at his second farm (later known as the 
Debard farm) in Liberty Township.]”
 An old photo shows “Adrian A. Parsons feeding 
soybeans to Yorkshire hog, Wa Pa Ke Way Farm, 1920s.”
 Page 3: “Emily Parsons represents great-great 
grandfather Adrian A. Parsons in Indiana Bicentennial relay: 
Indiana’s soybean pioneer honored.” A full-page article 
discusses the event. A color photo shows Emily carrying the 
torch on Sept. 23, 2016.
 A 2nd color photo shows a “$2.50 gold coin (date 
effaced) fashioned into a lapel pin by Adrian A. Parsons.” 
Address: Indianapolis, Indiana.

2971. Dagaga, Diriba Temesgen. 2017. Genetic diversity 
of rhizobia and rhizobacteria from soybean [Glycine max 
(L) Merr.]: implication for the commercial production and 
application to enhance soybean production under low input 
agriculture in Ethiopia. PhD thesis, Addis Ababa Univ., 
Ethiopia. xix + 168 p. [271 ref. Eng]
• Summary: This paper is for a PhD degree in Applied 
Microbiology. Address: 1-3, 5. Inst. of Crop Sciences, 
Chinese Academy of Agricultural Sciences, Beijing, China; 
4. Faculty of Agriculture, Iwate Univ., Morioka, Japan.

2972. Chibeba, Amaral Machaculeha; Kyei-Boahen, 
Stephen; de Fátima Guimaraesa, Maria; Nogueira, 
Marco Antonio; Hungria, Mariangela. 2017. Isolation, 
characterization and selection of indigenous Bradyrhizobium 
strains with outstanding symbiotic performance to increase 
soybean yields in Mozambique. Agriculture, Ecosystems and 
Environment 246:291-305. Aug. 1. [80 ref]
• Summary: “Abstract: Soybean inoculation with effective 
rhizobial strains makes unnecessary the use of N-fertilizers 
in the tropics. A frequently reported problem is the failure of 
the inoculant strains to overcome the competition imposed 
by indigenous rhizobial populations. The screening of 
indigenous rhizobia, already adapted to local conditions, 
searching for highly effective strains for use as inoculants 
represents a promising strategy in overcoming inoculation 
failure. The objective of this study was to isolate and 
characterize indigenous rhizobia and to identify strains 
that hold potential to be included in inoculant formulations 
for soybean production, with both promiscuous and non-
promiscuous soybean cultivars, in Mozambican agro-
climatic conditions. A total of 105 isolates obtained from 
nodules of promiscuous soybean grown at 15 sites were 
screened for N2-fi xation effectiveness in the greenhouse 
along with fi ve commercial strains. Eighty-seven isolates 
confi rmed the ability to form effective nodules on soybean 

and were used for genetic characterization by rep-PCR 
(BOX) and sequencing of the 16S rRNA gene, and also for 
symbiotic effectiveness.” Address: 1. Universidade Estadual 
de Londrina (UEL), Dep. Agronomy, C.P. 10.011, 86.057-
970, Londrina, PR, Brazil.

2973. Soybean Innovation Lab Weekly Digest. 2017. SIL 
SMART farm to expand to Ethiopia. 3(2):1. Aug. 1. http://
mailchi.mp/illinois/soybean-innovation-lab-weekly-digest-
volume-3-issue-2
• Summary: “SIL’s SMART Farm is on the move! Initiated 
in 2014, a Soybean Management and Appropriate Research 
and Technology (SMART) farm was started in three 
locations in northern Ghana. The purpose of these farms is 
to bring researchers, extensionists, the private sector, NGOs 
and others guidance on appropriate agronomic practices to 
maximize soybean yields.
 “Soybean is a new crop to many regions of Sub-Saharan 
Africa, and without proper inputs and agronomic practices, 
yields can be low. Locally generated scientifi c knowledge 
on how to maximize yields will help farmers successfully 
grow soybean using readily available and appropriate 
input combinations, planting populations, and production 
practices.
 “Under the management of Dr. Abush Tesfaye of the 
Ethiopian Institute of Agricultural Research (EIAR), SIL is 
establishing its second SMART farm in East Africa, making 
it the fi rst such farm to serve the region. Dr. Tesfaye will 
work closely with the Ghana SMART Farm directors, Dr. 
Dan Reynolds and Dr. George Awuni.
 “The SMART Farm will be hosting trials testing a new 
liming product Calciprill, produced by Swiss fi rm Omya, and 
an inoculum product and herbicide products, produced by 
BASF. SIL hopes to establish other SMART farms later this 
year in Zambia, Malawi, and Kenya in collaboration with 
local partners.
 “SIL welcomes partnerships, so please contact us at 
tropicalsoylab@gmail.com if you are interested in learning 
more about the SMART farm.
 “Click here to learn more about the SMART Farms.
 “Click here to access:
 “SMART Farm Year Three Activity Report 2016 [41 
pages].
 “SMART Farm Year Two Activity Report 2014-2015 
[30 pages].
 A large photo shows SIL’s SMART Farm in Nyankpala, 
Ghana.

2974. Wikipedia, the free encyclopedia. 2017. What is soy 
leghemoglobin? (Web article). https://en.wikipedia.org/wiki/
Leghemoglobin 1 p. Printed Aug. 9. [5 ref]
• Summary: Leghemoglobin (also leghaemoglobin or 
legoglobin) is a nitrogen or oxygen carrier and hemoprotein 
found in the nitrogen-fi xing root nodules of leguminous 
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plants. It is produced by legumes in response to the roots 
being colonized by nitrogen-fi xing bacteria, termed 
rhizobia, as part of the symbiotic interaction between 
plant and bacterium: roots not colonized by Rhizobium do 
not synthesize leghemoglobin. Leghemoglobin has close 
chemical and structural similarities to hemoglobin, and, like 
hemoglobin, is red in colour.
 A color illustration shows a leghemoglobin molecule.

2975. Soybean Innovation Lab Weekly Digest. 2017. SIL 
SMART Farm expanding to Ethiopia. 3(3):1. Aug. 17. http://
mailchi.mp/illinois/soybean-innovation-lab-weekly-digest-
volume-3-issue-3
• Summary: “SIL researchers Dr. Dan Reynolds (Mississippi 
State University) and Dr. Abush Tesfaye (Jimma Agricultural 
Research Center in Ethiopia) have planted the next SIL 
SMART Farm in Ethiopia.
 “The fi rst trials of the SMART Farm in Ethiopia will 
evaluate the effect of lime, phosphorous and inoculum on 
different locally available soybean varieties as well as plant 
population trials.
 “The SMART (Soybean Management with Appropriate 
Research & Technology) Farm is a knowledge and 
technology hub, providing farmers, practitioners, agricultural 
development organizations, and governments with evidence-
based technical guidance on soybean production. The 
SMART Farm replaces anecdotal guidance with regular, 
formal, and scientifi cally produced guidance for the industry, 
while simultaneously engaging in deep capacity and 
institution building with its in-country partners.
 “SIL welcomes collaboration with private sector partners 
to leverage this robust platform for testing new products that 
help raise smallholder productivity and yields. The SMART 
Farm is currently engaged in public-private partnerships with 

Omya and BASF to bring the latest crop protection, 
inoculum, and liming technologies to African 
farmers. Results from the SMART Farm are used 
to better understand and inform farming practices, 
planting inputs, and crop maintenance to increase 
farmers’ yields.
 “Additional SMART Farms are slated to be 
launched in Zambia (December 2017) and Malawi 
(December 2017).
 “Click here to learn more about the SIL SMART 
Farms.
 “The SMART Farm research model is innovative 
because of its ability to readily translate research 
into appropriate practices for adoption by those 
engaged in soybean production and development.
 “The SMART Farm evaluates issues related to 
germination, planting date, amendments including 
phosphorous and inoculum, planting methods 
and varietal performance. The Farm also serves 
as a hub for research related to seed quality, soil 
improvement, and nodulation. The SMART Farm 

approach also involves capacity and institution building as 
the Soybean Innovation Lab team works hand-in hand with 
Ghanaian researchers and technicians.
 “Research and collaboration occurs at all three Savanna 
Agricultural Research Institute locations in Ghana with the 
main headquarters at Nyankpala in the Northern Region 
with fi eld stations in Manga in the Upper East Region, and 
Bawku in the Upper West Region. The research conducted at 
the SMART Farm shows that when combining appropriate 
agronomic practices, soybean yields using locally available 
varieties can be increased over 2.5 times what farmers 
commonly experience in northern Ghana.
 “The SMART Farm in northern Ghana provides an 
ideal training center for practitioners from countries in 
West Africa due to its regional location and similar climatic 
conditions. The Soybean Innovation Lab plans to establish 
similar SMART Farm hubs in Eastern and Southern Africa 
to improve agricultural techniques and innovations in 
these regions as part of its pan-African strategy to increase 
soybean production across the continent.
 “Contact the Soybean Innovation Lab at 
soybeaninnovationlab@illinois.edu to learn more about 
establishing a SMART Farm in your country or region.
 “Contact: Dr. Dan Reynolds: Mississippi State Univ., 
Curriculum Vitae.
 “Contact: Dr. George Awuni, Mississippi State 
University or Savanna Agricultural Research Institute 
(SARI), Post Offi ce Box 52, Nyankpala, Tamale, Northern 
Region, Ghana, West Africa.
 “E-mail: awuniagana@yahoo.co.uk
 “Phone: (026)485-9134 (050)267-7186
 “Skype: aga201133.”
 Portrait photos show Dr. Reynolds and Dr. Awuni.
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 A large color photo shows: “Dr. Abush Tesfaye, soybean 
breeder at the Jimma Agricultural Research Center in 
Jimma, Ethiopia, will be managing the SIL SMART Farm 
in Ethiopia. The Ethiopia SMART Farm was planted in two 
locations this past June. Image credit: Courtney Tamimie.” 
He has a shaved head and a lush fi eld of soybeans is in the 
background.

2976. Soybean Innovation Lab Weekly Digest. 2017. Soybean 
Success Kits highlighted in USAID’s September/October 
FrontLines. 3(6):1. Oct. 19. http://mailchi.mp/illinois/have-a-
look-at-sils-recent-publications-research-recipes-and-more
• Summary: “SIL’s work with Soybean Success Kits 
in Ghana and Mozambique was recently highlighted in 
the September/October issue of USAID’s FrontLines 
magazine. Frontlines features articles about USAID’s 
international development and humanitarian assistance 
efforts around the world. The article describes the work done 
by SIL researchers to design the kits as an input bundling 
mechanism for soybean production and the associated 
training on appropriate input utilization and soybean 
agronomics. SIL also used the kits to understand gender 
equity implications and nutrition impacts under conditions of 
commercial agriculture.
 “The kits are designed to be an all-in-one crop 
improvement tool, containing 2.5 kilos of high-quality 
soybean seed, 2 kilos of fertilizer, a small sachet of inoculant 
and pictorial instructions that explain planting and harvesting 
printed on each bag. The kits bundle inputs necessary for 
improved soybean yields that can often be diffi cult to access 
because of supply, distance to markets, or availability 
of input dealers and sales agents in smallholder farmer 
communities. Bundling, or a ‘kit’ concept, is critical for 
commercial crop adoption like soybean. There are important 
synergies among soil preparation and correction, inoculant 
and fertilizer effectiveness, seed quality and germination, and 
agronomic practices such as plant population and row width; 
that when combined result in high yield, profi tability, and 
appropriate returns to labor.
 “Farmers using the Soybean Success Kits saw soybean 
yields more than double from 1,000 kilograms per hectare 
to 2,300 kilograms per hectare. This shows that, with 
the correct inputs and training on appropriate agronomic 
practices, smallholder farmers can drastically increase their 
crop yields and, in turn, their incomes.” “Click here to read 
the USAID Frontlines article.”
 Citation: Keane, Rose; Tamimie, Courtney; Goldsmith, 
Peter. 2017. “These soybean experts and farmers say their 
`Success Kits’ live up to the name.” Frontlines. Sept/Oct.
 “All-in-one packages supply necessary inputs-including 
seed, fertilizer and instructions-to ensure higher yields and 
incomes for growers in sub-Saharan Africa.
 “Researchers at the Feed the Future Innovation Lab 
for Soybean Value Chain Research (link is external) led by 

the University of Illinois are seeing how soybean is taking 
root in sub-Saharan African countries like Mozambique and 
Ghana. And the success of their aptly named soybean success 
kits (link is external) over the last several years is resulting 
in high yields and better incomes. All of this, from a 
commercial crop that is a relative newcomer to these regions.
 “The kits are designed to be an all-in-one crop 
improvement tool, with each containing 2.5 kilos of high-
quality soybean seed, 2 kilos of fertilizer, a small sachet of 
inoculant and pictorial instructions that explain planting 
and harvesting printed on each bag. The innovative soybean 
success kits bundle inputs for soybean production that can be 
diffi cult to access because of supply, distance to markets, or 
access to input dealers and sales agents in smallholder farmer 
communities.
 “The inputs contained in the kits improve soybean 
yields by focusing on soil health, high-quality seed and 
appropriate agronomic practices. Farmers using the kits saw 
soybean yields more than double from 1,000 kilograms per 
hectare to 2,300 kilograms per hectare. This shows that, with 
the correct inputs and training on appropriate agronomic 
practices, smallholder farmers can drastically increase their 
crop yields and, in turn, their incomes.
 “University of Missouri Innovation Lab researcher 
Kerry Clark collaborated with Catholic Relief Services, 
Ghana’s Savanna Agricultural Research Institute (SARI), 
the Ghanaian Ministry of Agriculture, and the Mozambican 
Institute of Agricultural Research (IIAM) to distribute 
4,800 kits in Mozambique and Ghana in 2015 and 2016. In 
addition to distribution, the Soybean Innovation Lab also 
provided training to ministry extension service personnel on 
how to arrange and distribute the kits and the appropriate 
extension guidance on how they should be used.
 “The kits were distributed as part of a study conducted 
by the Soybean Innovation Lab to understand the relationship 
between soybean production and gender equity, input and 
seed access, farmer networks, and land use changes. Results 
from the study will guide development practitioners, NGOs, 
government ministries and other agricultural organizations 
as they seek to bring soybean farming to smallholder 
communities.
 “’The important thing about the soybean success kit is 
that it packages all of the needed inputs together and ensures 
that the producers will get the best outcome from their 
months of sowing, weeding and harvesting,’ says Clark. ‘It 
is also vital that the kit comes with extension communication 
so that fertilizer and inoculant are properly used and best 
able to bring about positive impact in yield increases.’
 “’If inputs aren’t seen as necessary for good crop 
production practices, yields will remain low and smallholder 
farmers will continue to struggle to feed themselves,’ Clark 
continued. ‘Packaging inputs together shows the importance 
of each component in a growing system-good seed, fertilizer, 
inoculant for legumes, and knowledge on how to best grow 
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and store the crop are all equally vital to improved yields.’
 “Soybeans represent a considerable opportunity for 
fi nancial, nutritional and agronomic security in sub-Saharan 
Africa for smallholder farmers who have increasingly 
adopted the crop to supplement their income and provide 
a safety net for themselves and their communities” 
(Continued).

2977. Soybean Innovation Lab Weekly Digest. 2017. 
Soybean Success Kits highlighted in USAID’s September/
October FrontLines (Continued–Document part II). 3(6):1. 
Oct. 19. http://mailchi.mp/illinois/have-a-look-at-sils-recent-
publications-research-recipes-and-more
• Summary: (Continued): “Nicolas Denwar, a senior 
research scientist with SARI, believes that the kits offer 
farmers an opportunity to improve their yields in a way they 
would not otherwise have been able to access. ‘Soybean, 
as with any legume, requires some form of phosphorus 
fertilizer. So the success kit concept is a novelty that is 
helping; it is bringing these seeds to farmers that would 
not otherwise have access to them. They’re mostly in rural 
areas, and the seed companies don’t have sales outlets there. 
Aside from getting them the seed, the kits are also educating 
the farmers on the importance of fertilizer and inoculum 
for improving their yields,’ he said. Clark hopes that the 
increased knowledge and yields provided by the success 
kits will help drive consumer demand for the inoculants and 
fertilizers. ‘Low levels of knowledge about inputs amongst 
smallholder farmers leads to low yields because they don’t 
have the information they need to make sure that, when they 
buy seeds, that they also get inoculant and fertilizer that 
does not contain nitrogen,’ she says. ‘Agricultural dealers 
may not supply these necessary inputs because there is 
currently little demand, but demand is based on the customer 
actually knowing that the product exists. Using success kits 
helps sensitize smallholders to all of the components of a 
successful production system.’
 “Before using the kit, Yahaya Gonga, a farmer near 
Chereponi, Ghana, said his yields were low due to bad 
weather, poor soil fertility and lack of access to good quality 
seeds. He barely grew enough to feed his family.
 “’This was the fi rst year that I’ve used the inoculant 
when planting,’ says Gonga, whose yield has now improved 
considerably. ‘The germination is very good. When I didn’t 
have inoculant, some germinated and some didn’t.’ Improved 
seed germination is a result of the high-quality, viable 
soybean seed that is contained in the kits.
 “Mariama Imoro, another smallholder farmer in the 
Chereponi region, also saw noticeable improvement in her 
yields. ‘The success kit and the training on how to grow 
soybeans has had great impact on the growth of the plants 
compared to previously. So I am confi dent that if you 
dedicate yourself to growing the soybean, you will make a 
lot of money from it.’

 “Soybean Innovation Lab researchers talked with other 
community members about their experiences with the kits 
and asked for feedback on how the lab could help improve 
soybean adoption in the countries. It intends to continue 
working within these communities with annual follow-up 
surveys to better understand and improve future soybean 
development programs, focusing on gender equity and the 
provision of necessary, high-quality inputs.
 “As awareness among farmers builds through the use of 
appropriate agronomic inputs, the private sector can play a 
critical role in fulfi lling the growing demand.
 “Rose Keane is a communications specialist, Courtney 
Tamimie is associate director, and Peter Goldsmith is 
principal investigator with the Soybean Innovation Lab.
 Color photos show: (1) “University of Missouri 
Innovation Lab researcher Kerry Clark provides extension 
training to soybean success kit recipients in northern Ghana. 
Photo credit: Kerry Clark. (2) “Catholic Relief Services 
agricultural program and Ministry of Agriculture offi cers 
provide soybean agronomic extension to recipients of the 
soybean success kits in northern Ghana.” Photo credit: Kerry 
Clark. (3) “Women farmers in northern Ghana were among 
the many soybean success kit recipients. Photo credit: Kerry 
Clark.
 Related articles: (1) “Soybean Researcher Returns to His 
Roots in Ghana.”
 (2) “In Northern Ghana, It’s the SoyCows That Are 
Boosting Protein in Kids’ Diets.”
 (3) “A Brighter Future in Mozambique From Seed to 
Harvest.”

2978. Soybean Innovation Lab Weekly Digest. 2017. Stay 
up to date with SIL innovations! 3(9):1. Nov. 9. https://us10.
campaign-archive.com/?u=94232d99724faa322d3fa5543&id
=ddb1a5849b
• Summary: “SIL’s research informs and underlies every 
technology and innovation the Lab promotes. Each week a 
new factsheet or research brief will showcase the science 
behind SIL’s impact.
 “This month, learn about SIL’s Soybean Success Kit, 
a complete pack for soybean production including all 
necessary inputs and extension materials for achieving high 
yields. Designed to penetrate the market and to demonstrate 
the value of high quality seeds and inputs, a success kit 
contains local, high-quality soybean seed, fertilizer, and 
inoculant. The kits are designed to bring these critical 
high-quality inputs to farmers at the right time, in the right 
amount, and with education and training. The combination of 
these inputs, coupled with appropriate agronomic practices, 
triples soybean yields using locally available varieties.
 “Read the fact sheet.” Title: “Soybean Success Kits: 
Higher Quality Seeds and Input, Higher Quality Results.”
 “For smallholder farmers in sub-Saharan Africa, 
soybean crop yield can make the difference between 
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subsistence and actual profi t. Developing ways to increase 
yields and improve overall crop performance is essential 
for these farmers to stay committed to the crop. Improving 
yields can be achieved through a number of different 
approaches, which vary from region to region based on 
resources available, quality of the growing environment, 
agronomic practices, and cultural or socio-economic norms. 
Many of these solutions hinge on there being a viable market 
for seed producers and input providers to sell to the farmers. 
To address these issues, SIL has developed the “Soybean 
Success Kit,” a complete pack for soybean production 
including all needed inputs and educational training. 
Designed to penetrate the market and to demonstrate the 
value of high quality seeds and inputs, a success kit contains 
2.5 kilos of locally produced soybean seed, 2 kilos of 
fertilizer, and a bag of inoculant [inoculum]. Also included 
in the kit is a small bag of sugar for making a sticky solution 
to mix the seed and inoculant. Pictorial instructions on 
inoculating, planting and harvest are printed on the bag. The 
correct use of these components together improves soybean 
yields by focusing on soil quality, the use of high quality 
seed and appropriate agronomic practices. Farmers that have 
used the kits saw soybean yields double from 1,000 kg/ha to 
2,300 kg/ha, showing that with correct high-quality inputs 
and agronomic training, smallholder farmers can increase 
their income considerably.
 “A critical component of the kit is that all needed inputs 
are packaged together, which ensures the producers will 
get the best outcome from their labor. Packaging inputs 
together shows the importance of each component in a 
growing system-good seed, fertilizer, inoculant for legumes, 
and knowledge on how to best grow and store the crop. The 
training that comes with the kits also ensures the fertilizer 
and inoculant are properly used.
 “Through the training and extension, SIL is working 
to ensure that smallholder farmers and extension agents 
understand the importance of each component. Low levels of 
knowledge about inputs amongst smallholder farmers leads 
to low yields because they do not have the information they 
need to make sure that, when they buy seeds, they also get 
the inoculant and fertilizer they need. The extension also 
educates the farmers and practitioners on the importance of 
good agronomic practices, harvesting, and storage.
 “The long-term aim of the kits is to raise more 
awareness in the farming communities, which can drive 
demand for these inputs. The private sector can then play a 
critical role in fulfi lling this demand.
 “To learn more about the kits, visit our webpage at: 
http://soybeaninnovationlab.illinois.edu/soybeansuccess-kits
 “SIL is grateful to our partners for their support on this 
project.” Catholic Relief Services. University of Missouri.
 “Learn more about the kits.
 A large black and white drawing shows the instructions 
that come with each soybean success kit. The caption: SIL’s 

Soybean Success Kits include English, Portuguese, and 
pictorial instructions. Image credit: SIL.
 A smaller color photo shows: “Mozambique Institute of 
Agricultural Research extension agents offer training on the 
kits in Mozambique. Image credits: Kerry Clark.”

2979. Soybean Innovation Lab Weekly Digest. 2017. Stay 
up to date with SIL Innovations! 3(9):1. Nov. 22. http://
mailchi.mp/illinois/stay-up-to-date-with-sils-weekly-digest-
glgkz6yj36?e=0d80bc0b3e
• Summary: “SIL’s research informs and underlies every 
technology and innovation the Lab promotes. Each week a 
new factsheet or research brief will showcase the science 
behind SIL’s impact.
 “This month, learn about SIL’s SMART (Soybean 
Management with Appropriate Research & Technology) 
Farm, a knowledge and technology hub, providing farmers, 
practitioners, agricultural development organizations and 
governments with evidence based technical guidance on 
soybean production. The SMART Farm replaces anecdotal 
guidance with regular, formal, and scientifi cally produced 
guidance for the industry, while simultaneously engaging in 
capacity and institution building with partner institutions.
 “Read the fact sheet.” Title: “SMART Farm: Soybean 
Management with Appropriate Research and Technology.” 
The SIL SMART (Soybean Management with Appropriate 
Research & Technology) Farm is a knowledge and 
technology hub, providing farmers, practitioners, agricultural 
development organizations and governments with evidence 
based technical guidance on soybean production.
 “The SMART Farm replaces anecdotal guidance with 
regular, formal, and scientifi cally produced guidance for the 
industry, while simultaneously engaging in deep capacity and 
institution building with its incountry partners.
 “The SMART Farm evaluates issues related to 
germination, planting date, soil amendments including 
phosphorous and inoculum, planting methods and varietal 
performance. The Farm serves as a hub for research related 
to seed quality, soil improvement, and nodulation, and 
involves capacity and institution building as the SIL team 
works hand-in hand with local researchers and technicians.
 “The SMART Farm model is innovative because of its 
ability to readily translate research into appropriate practices 
for adoption by those engaged in soybean production and 
development, and adopts a holistic approach confronting 
soybean production from soil fertility, seed germination, 
planting and nutrient stewardship, and other agronomic 
practices through to harvest.
 “Results obtained are intended to provide stakeholders 
in the soybean production system with reliable, scientifi c 
guidance to improve yields. The SMART Farm provides 
an ideal training center for organizations and individuals 
engaged in soybean production. SIL is establishing SMART 
Farm hubs regionally throughout Africa as part of its pan-
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African strategy to increase soybean production across the 
continent.
 “The SMART Farm fi lls a signifi cant gap in knowledge 
among researchers, extensionists, the private sector, 
contractors, NGOs and farmers regarding proper soybean 
production techniques; soil correction and preparation; weed, 
fungi, and insect management; environmental stewardship, 
and varietal performance and selection criteria.
 “The SMART Farm provides a distinct platform 
for public-private partnerships, offering transparent and 
reliable testing for agricultural products, innovations and 
technologies. Current public-private partnerships include 
trialing Calciprill, a low-bulk liming product, for Omya and 
trialing herbicide and inoculum products for BASF.
 “The Feed the Future Innovation Lab for Soybean Value 
Chain Research is USAID’s only comprehensive program 
dedicated to soybean technical knowledge and innovation. 
Our international team of tropical soybean experts provides 
direct support to researchers, private sector fi rms, non-
governmental organizations, extensionists, agronomists, 
technicians and farmer associations tasked with soybean 
development.
 “SMART Farm Activities
 “Soil analysis–physical and chemical
 “Seed germination tests
 “Field replicated trials
 “Population trials
 “Pest management
 “Soil fertility analysis
 “Nutrient amendment trials
 “Planting date trials
 “Variety trials
 “Outreach and development
 “To learn more about the SMART Farms, visit our 
website at: http://soybeaninnovationlab.illinois.edu/
 Current SMART Farm partners:
 “Ethiopia: EIAR and SIL
 “Ghana: CSIR-SARI and SIL
 “Zambia: IITA and SIL.”
 “SIL’s partners on this project include:
 “OMYA
 “BASF” Learn more about the SMART Farm.
 A large color photo shows soybeans growing on pinkish-
red soil. The caption: “The SIL SMART Farm serves as a 
hub for research related to seed quality, soil improvement, 
and varietal performance, and involves capacity and 
institution building. Image credit: SIL.”

2980. Gyogluu, Cynthia; Mohammed, M.; Jaiswal, S.K.; 
Kyei-Boahen, S.; Dakora, F.D. 2017. Assessing host range, 
symbiotic effectiveness, and photosynthetic rates induced 
by native soybean rhizobia isolated from Mozambican and 
South African soils. Symbiosis 75(3):257-76. [17 ref]
• Summary: “Abstract: Host range and cross-infectivity 

studies are important for identifying rhizobial strains 
with potential for use as inoculants. In this study, 10 
native soybean rhizobia isolated from Mozambican 
and South African soils were evaluated for host range, 
symbiotic effectiveness and ability to induce high rates of 
photosynthesis leading to enhanced plant growth in cowpea 
(Vigna unguiculata L. Walp.), Bambara groundnut (Vigna 
subterranean L. Verdc.), Kersting’s groundnut (Macrotyloma 
geocarpum Harm) and soybean (Glycine max L. Merr).”
 “The ten rhizobia used in this study included nine 
isolates from Mozambique... and one... from South Africa.
 “Whether based on Bambara groundnut nodulation, or 
that of the two soybean genotypes, whole-plant symbiotic 
N was highest for the commercial strains CB756 (Bambara 
groundnut) and WB74 (soybean), as well as for TUTRLR3B, 
TUTMCJ7B and TUTRSRH3A when compared to the other 
isolates (Table 5). This suggests that these three rhizobial 
isolates have potential for use as inoculants.” Address: 
1. Dep. of Crop Sciences, Tshwane Univ. of Technology, 
Pretoria, South Africa.

2981. Soybean Innovation Lab Weekly Digest. 2017. Ethiopia 
kick-off showcases effects of input and agronomy on yields. 
3(12):1. Dec. 7. http://mailchi.mp/illinois/sils-weekly-digest-
hot-off-the-press
• Summary: “As day broke over Oromia province, a group 
of attentive men and women followed Dr. Abush Tesfaye to 
his soybean fi elds at the Jimma Agriculture Research Center 
(JARC) in southwestern Ethiopia. In a crisp white lab coat 
and with microphone in hand, Dr. Tesfaye asked his audience 
to gather round and level their eyes with his crop. “’Look 
down this line of soybean plots. Do you notice the height 
gradient?
 “The group gazed up the fi eld. In the plot immediately 
before them grew a stand of the locally popular soybean 
variety Clark 63K, untreated with any agronomic inputs. The 
plot beyond that contained taller plants–soybeans treated 
with phosphorus, Dr. Tesfaye explained. Further down the 
fi eld even taller plants waved in the breeze. This plot was 
treated with inoculum.
 “’But Dr. Tesfaye,’ queried a mustached man from 
Addis. ‘What of those soybeans, in the furthest plot? Those 
are the tallest of them all!’
 “’Ah,’ smiled Dr. Tesfaye. ‘I’m glad you noticed. Those 
soybeans were treated with phosphorus and inoculum. With 
the correct row spacing and planting techniques, doing so 
can triple yields!’
 Read the rest of the story.
 “Groundbreaking discoveries like this one took 
center stage at Ethiopia’s fi rst annual Soybean Kick-Off, 
a promotional event for the country’s soybean industry 
organized by the U.S. Department of Agriculture (USDA), 
the Feed the Future Innovation Lab for Soybean Value Chain 
Research (Soybean Innovation Lab, SIL), and the Ethiopian 
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Institute of Agriculture Research (EIAR). As a commercial 
and highly nutritious crop, soy has the potential to spur 
Ethiopian economic and human development. But Ethiopia 
needs new technologies to increase its soy production.
 “On October 9, over 160 government offi cials, 
private sector fi rms, farmers, researchers, extentionists, 
and development agencies came together to witness fi rst-
hand the innovations that will grow Ethiopia’s soybean 
sector to meet both the fast growing needs of the poultry 
sector for soybean meal, and Ethiopia’s food industry for 
soybean oil. Representatives from Melkassa Research 
Center, EthioChicken, trader and farmer unions, EIAR, and 
JARC showcased their contributions to improving soybean 
production, including soybean varieties bred for Ethiopia’s 
climate, scientifi cally proven agronomic practices, and 
mechanical threshers.
 “USDA and SIL also addressed the technical needs of 
processors, feed manufacturers, livestock producers, and the 
food industry by holding a second event that week in Addis 
Ababa. The Soy Food Bazaar, the fi rst ever in Ethiopia, 
targeted Ethiopia’s developing soy processing industry. 
Exhibitors included representatives from Hilina Enriched 
Foods PLC, Kunifi ra Agro Processing PLC, Faffa Food 
Share Company, Guts Agro Industries, and Alema Farms, 
among others. The event was highlighted by the presence 
of the Honorable Dr. Eyasu Abrha, Ethiopia’s Minister 
of Agriculture. The Minister challenged the audience to 
continue the industry collaboration and bring the government 
guidance on next steps for growing Ethiopia’s soybean-
livestock-food complex.”
 “Learn more about the Ethiopian Soybean Kick-Off.
 A large color photo shows many African men standing 
in and around a soybean trial fi eld. The caption: “Dr. Abush 
Tesfaye presenting to attendees of the Ethiopia Soybean 
Kick-Off Event in research fi elds at the Jimma Agriculture 
Research Center (JARC). Image credit: SIL.”

2982. Raimi, Adekunle; Adeleke, R.; Roopnarain, A. 
2017. Soil fertility challenges and Biofertiliser as a 
viable alternative for increasing smallholder farmer crop 
productivity in sub-Saharan Africa. Cogent Food and 
Agriculture 3:1400933. Dec. [223 ref]
• Summary: “Abstract: Low fertility and ineffi cient 
management of sub-Saharan African soils have been the 
major challenges facing productivity among smallholder 
farmers. Unfortunately, inorganic fertiliser used as major 
soil nutrient management is unsustainable, causing soil 
degradation and environmental pollution. Therefore, 
smallholder farmers may only realise their maximum 
potential if a more sustainable, low-cost and effi cient 
integrated nutrient management system compatible with 
their socioeconomic status is practised. Currently, the 
increasing demand for sustainable agriculture is driving 
the use of biological fertilisers, which are composed of 

benefi cial microorganisms; ranging from bacteria to blue-
green algae and fungi. Biofertilisers such as Rhizobium, 
Azotobacter, Azospirillum, Pseudomonas and Bacillus 
have invaluable use in sustainable agriculture owing to 
their environmentally friendliness, cost-effectiveness and 
improved productivity benefi ts. They improve plant nutrition 
and yield through biological nitrogen fi xation, nutrient 
solubilisation, biocontrol activities and production of plant 
growth promoting substances. This review specifi cally 
focuses on biofertiliser potential as an effi cient integrated 
nutrient management in increasing smallholder farmer 
productivity and profi tability. It also suggests that increasing 
biofertiliser awareness and use is an impetus for maintaining 
and improving ecological stability and alleviating poverty, 
especially among the rural dwellers. Importantly, effi cient 
biofertiliser strategies by stakeholders will improve adoption 
of this technology among smallholder farmers.” Address: 2. 
Dep. of Environmental Science, College of Agriculture and 
Environmental Science, UNISA, P.O. Box 392, Pretoria, 
South Africa.

2983. Vanlauwe, Bernard; AbelGadir, A.H.; Adewopo, J.; 
Adjei-Nsiah, S.; et al. 2017. Looking back and moving 
forward: 50 years of soil and soil fertility management 
research in sub-Saharan Africa. International J. of 
Agricultural Sustainability 15(6):613-31. Dec. [96 ref]
• Summary: “Abstract: Low and declining soil fertility has 
been recognized for a long time as a major impediment 
to intensifying agriculture in sub-Saharan Africa (SSA). 
Consequently, from the inception of international 
agricultural research, centres operating in SSA have had 
a research programme focusing on soil and soil fertility 
management, including the International Institute of Tropical 
Agriculture (IITA). The scope, content, and approaches of 
soil and soil fertility management research have changed 
over the past decades in response to lessons learnt and 
internal and external drivers and this paper uses IITA as 
a case study to document and analyse the consequences 
of strategic decisions taken on technology development, 
validation, and ultimately uptake by smallholder farmers 
in SSA. After an initial section describing the external 
environment within which soil and soil fertility management 
research is operating, various dimensions of this research 
area are covered: (i) `strategic research’, `Research for 
Development’, partnerships, and balancing acts, (ii) changing 
role of characterization due to the expansion in geographical 
scope and shift from soils to farms and livelihoods, (iii) 
technology development: changes in vision, content, and 
scale of intervention, (iv) technology validation and delivery 
to farming communities, and (v) impact and feedback to the 
technology development and validation process. Each of the 
above sections follows a chronological approach, covering 
the last fi ve decades (from the late 1960s till today). The 
paper ends with a number of lessons learnt which could 
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be considered for future initiatives aiming at developing 
and delivering improved soil and soil fertility management 
practices to smallholder farming communities in SSA.”
 Note: Soy is mentioned only once in this important 
paper. Address: 1. International Institute of Tropical 
Agriculture (IITA), Nairobi, Kenya.

2984. Kühling, I.; Hüsing, B.; Bome, N.; Trautz, D. 2017. 
Soybeans in high latitudes: effects of Bradyrhizobium 
inoculation in Northwest Germany and southern West 
Siberia. Organic Agriculture p. 1-13. doi:10.1007/s13165-
017-0181-y. *

2985. Agoyi, Eric E.; Odong, T.L.; Tumuhairwe, J.B.; 
Chigeza, G.; Diers, B.W.; Tukamuhabwa, P. 2017. Genotype 
by environment effects on promiscuous nodulation in 
soybean (Glycine max L. Merrill). Agriculture & Food 
Security 6:29. 14 p. [38 ref]
• Summary: “Abstract–Background: Understanding factors 
infl uencing the expression of a trait is key in designing a 
breeding program. Genotype by environment interaction 
has great infl uence on most quantitative traits. Promiscuous 
nodulation is a trait of importance for soybean production 
in Africa, because of the soil bacteria Bradyrhizobium 
japonicum not being indigenous in most African soils. 
Most soybean cultivars require B. japonicum for nodulation 
leading to the need for seed inoculation before sowing 
soybean in Africa. Few cultivars have capability to nodulate 
with Bradyrhizobia spp. that are different from B. japonicum 
and native in African soils. Such cultivars are termed 
‘promiscuous cultivars.’ Field experiments were conducted 
in six locations in Uganda for two seasons, to investigate the 
extent of environmental infl uences on the nodulation ability 
of promiscuous soybean genotypes.
 “Results: Additive main effect and multiplicative 
interaction effects showed highly signifi cant environment 
and genotype by environment (G x E) interaction effects 
on all nodulation traits. G x E interaction contributed 
more to the total variation than genotypes. The genotypes 
Kabanyolo I and WonderSoya were the most stable for 
nodules’ dry weight (NDW), which is the nodulation trait 
the most correlated with grain yield. Genotype UG5 was 
the most stable for nodules’ number (NN), and Nam II for 
nodules’ effectiveness (NE). The genotype NamSoy 4M had 
the highest performance for NN, NFW, and NDW, but was 
less stable. WonderSoya had the highest NE. Genotype and 
genotype by environment analysis grouped environments 
into mega-environments (MEs), and four MEs were observed 
for NDW, with NamSoy 4M the winning genotype in the 
largest ME, and Kasese B the ideal environment for that 
nodulation trait.
 “Conclusion: This study provides information that can 
guide breeding strategies. The low genetic effect that led to 
high environmental and G x E interaction effects raised the 

need for multi-environments testing before cultivar selection 
and recommendation. The study revealed genotypes that are 
stable and others that are high performing for nodulation 
traits, and which can be used as parental lines in breeding 
programs.” Address: 1. Dep. of Agricultural Production, 
Makerere Univ., P.O. Box 7062, Kampala, Uganda.

2986. Muleta, Daniel; Ryder, M.H.; Denton, M.D. 2017. 
The potential for rhizobial inoculation to increase soybean 
grain yields on acid soils in Ethiopia. Soil Science and Plant 
Nutrition (Tokyo) 63(5):441-51. [49 ref]
• Summary: “In Ethiopia, inoculation of soybean with 
rhizobial inoculants is not common practice, but could 
provide an option to increase grain yields in low nitrogen (N) 
acidic soils. In these acid soils, the selection of acid tolerant 
rhizobia is one strategy that may increase the performance of 
soybean.” Address: 1. School of Agriculture, Food and Wine, 
The University of Adelaide, Glen Osmond, SA, Australia; 
Ethiopian Institute of Agricultural Research, Holleta 
Agricultural Research Centre, Addis Ababa, Ethiopia.

2987. Soybean Innovation Lab Newsletter. 2018. Soybean 
Innovation Lab scaling up! This month, we are featuring 
the Soybean Success Kits! Jan. p. 1. https://us10.campaign-
archive.com/?u=94232d99724faa322d3fa5543&id=79682b
44e9
• Summary: “Through our collaborations with partners 
across Africa, SIL is working to scale up the technologies 
and innovations that will help make soy production more 
profi table for smallholder farmers.
 A photo shows a man holding a soy success kit (in a 
large white plastic bag) while an African woman points to it. 
Caption:
 “Pictorial instructions on inoculating, planting and 
harvest are printed on SIL’s Soybean Success Kit bag, which 
also serves as a grain storage tool for farmers to use at 
harvest.” Image credit: SIL.
 “Creating Markets for Crucial Inputs with the Soybean 
Success Kits: To increase smallholder soybean yields, SIL 
developed the ‘Soybean Success Kit’, a starter pack for 
soybean production including high-quality inputs, seed, and 
educational training.
 “Designed to penetrate the market and to demonstrate 
the yield benefi ts of using bundled seed and inputs, with 
associated agronomic training, each success kit contains 2.5 
kilos of soybean seed, 2 kilos of fertilizer, and a sachet of 
inoculant. Also included in the kit is a small bag of sugar 
for making a sticky solution to mix the seed and inoculant. 
Pictorial instructions on inoculating, planting and harvest 
are printed on the Soybean Success Kit bag, and the bag 
also serves as a grain storage tool for farmers to use at 
harvest. The bundling of high-quality inputs and associated 
agronomic training improves soybean yields for smallholder 
farmers, with reported yields doubling from 1,000 kg/ha to 
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2,300 kg/ha.
 “SIL’s Soybean Success Kits were fi rst introduced as 
part of a controlled research study evaluating the impact of 
soybean production on gender empowerment and adoption 
by smallholder farmers in Ghana & Mozambique. In 2017, 
the kits were scaled up to reach 20,000 farmers in northern 
Ghana through USAID Ghana’s Agricultural Technology 
Transfer (ATT) Project, with support from local partners 
Catholic Relief Services, Green-Ef, and other private sector 
companies.
 “The kits show how bundling high-quality seed, inputs 
and agronomic training in an appropriate and accessible 
way can boost soybean yields for smallholder farmers, in 
turn increasing incomes and contributing to rural economic 
development. Bundling can stimulate demand for soybean-
specifi c inputs like phosphorous fertilizer and inoculum, 
as well as soybean seed that germinates, creating market 
opportunities for local private sector actors.”
 “Learn about Soybean Success Kits: To increase 
smallholder soybean yields, The Soybean Innovation 
lab develop the “Soybean Success Kit”, a starter pack 
for soybean production including all needed inputs and 
educational training.
 “The Soybean Success Kits contain 2.5 kilos of locally 
produced soybean seed, 2 kilos of fertilizer, a bag of 
inoculant as well as pictorial instructions on inoculating, 
planting and harvest, printed on the Soybean Success Kit 
bag. Also, included in the kits is a small bag of sugar for 
making a sticky solution for use in mixing the seed and 
inoculant. Recipients of the kits receive extension on 
soybean agronomy and education on soybean nutrition and 
human utilization. In each village, Soybean Innovation Lab 
researchers provided a demonstration on how to inoculate 
soybean.
 “Between 2014 and 2016, the Soybean Innovation Lab 
distributed 2,400 Soybean Success kits in Ghana and 2,400 
kits in Mozambique. Smallholder farmers noted signifi cant 
difference in the performance of soybeans produced from 
the kits using inoculum, fertilizer and appropriate agronomic 
practices including proper row spacing and planting density 
as compared to their traditional methods.
 “Using the kits smallholder farmer’s soybean yields 
doubled from 1,000 kg/ha to 2,300 kg/ha, showing that 
with the correct inputs and educational training smallholder 
farmers can drastically increase their crop yields and in turn 
their income.
 “Contact us to learn about the Soybean Success Kits: 
Contact Dr. Kerry Clark. 1-660-351-4696. clark@missouri.
edu.
 “Soybean Innovation Lab, 209 Mumford Hall, 
University of Missouri, Columbia, MO 65211. Curriculum 
Vitae.”

2988. Xiang, Ni; Lawrence, Kathy S.; Donald, Patricia A. 

2018. Biological control potential of plant growth-promoting 
rhizobacteria suppression of Meloidogyne incognita on 
cotton and Heterodera glycines on soybean: A review J. of 
Phytopathology 00:1-10. https://doi.org/10.1111/jph.12712. 
[107 ref]
• Summary: During the past decade there has been an 
increasing market for biopesticides and an increasing number 
of microbial control studies concerning plant-parasitic 
nematodes–such as the nematodes that infect soybeans. This 
is an excellent review of this new approach. Address: Dep. 
of Entomology and Plant Pathology, Auburn University, 
Auburn, Alabama.

2989. Santos, M.S.; Villela, E.S.D.; Pazianotto, R.A.A.; 
Reynaldo, E.F.; Silva, E.H.F.M.; Bueno, A.C.S.O.; May, A. 
2018. Evaluation of microbial and enzymatic communities 
in soil and rhizosphere from soybean plants. African Crop 
Science Journal 26(1):79-92. [March]. [46 ref. Eng; fre]
• Summary: “Understanding the biological and biochemical 
soil properties, as well as its enzymatic activity is important 
in designing an effi cient alternative to demonstrate desired 
modifi cations in the soil.”
 “The low-yield soil showed a higher level of colonies 
of the genus Fusarium. The studied enzyme activities 
(beta-glycosidase, arylsulphatase and urea) were found at 
lower values in soil samples from the high-yield fi eld and 
differed statistically from the low-yield fi eld. However, in 
the rhizosphere samples, these enzymes had a higher activity 
in the high-yield fi eld. In view of these results, it is possible 
that the yield of soybean plants infl uences the number 
of microorganisms and the enzymatic activity of the soil 
microbiota.”
 “Conclusion: The number of microorganisms and the 
studied enzymatic activities in the soil under soybean crops 
vary according to the yield level of the plot.” Address: 1. 
Lab. of Environmental Microbiology, Brazilian Agricultural 
Research Corporation, EMBRAPA, Environment, SP 340, 
Km 127.5, 13820-000, Jaguariúna, SP, Brazil.

2990. Yong, Tai-wen; Chen, P.; Dong, Q.; Du, Q.; Yang, 
F.; Wang, X-C.; Liu, W-G.; Yang, W-Y. 2018. Optimized 
nitrogen application methods to improve nitrogen use 
effi ciency and nodule nitrogen fi xation in a maize-soybean 
relay intercropping system. J. of Integrative Agriculture 
17(3):664-76. March. [70 ref]
• Summary: “In China, the abuse of chemical nitrogen 
(N) fertilizer results in decreasing N use effi ciency (NUE), 
wasting resources and causing serious environmental 
problems. Cereal-legume intercropping is widely used to 
enhance crop yield and improve resource use effi ciency, 
especially in Southwest China.”
 A illustration shows “Maize-soybean relay intercropping 
in Sichuan Province, Southwest China.” Address: College 
of Agronomy, Sichuan Agricultural Univ./Key Laboratory 
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of Crop Eco-physiology and Farming System in Southwest, 
Ministry of Agriculture, Chengdu 611130, P.R. China.

2991. Khojely, Dalia M.; Ibrahim, S.E.; Sapey, Enoch; Han, 
T. 2018. History, current status, and prospects of soybean 
production and research in sub-Saharan Africa Crop Journal 
(The) 6(3):226-35. June. Published online April 15. [94 ref]
• Summary: Contents: 1. History of soybean introduction 
and cultivation in SSA (Sub-Saharan Africa). 2. Current 
status of soybean production in SSA. 3. Soybean utilization 
in SSA. 4. Soybean research in SSA. 4.1. Scientifi c staffi ng 
of national soybean improvement programs in SSA. 4.2. 
Breeding tropical soybean for SSA. 4.2.1. Introduction of 
soybean germplasm to SSA. 4.2.2. Variety development and 
adoption in SSA. 4.2.3. Breeding “promiscuous” varieties for 
nodulation with Rhizobium. 4.2.4. Use of the long juvenile 
(LJ) trait in tropical soybean breeding. 4.3. Soybean crop 
management and soil fertility in SSA. 5. Potential of the 
soybean industry in SSA. Acknowledgments. References.
 1. History of soybean introduction and cultivation in 
SSA: Sub-Saharan Africa (SSA) is geographically the area 
of the African continent that is situated south of the Sahara, 
approximately between 15ºN and 35ºS. SSA comprises 
48 countries and has a total area of 21.2 million square 
kilometers and 600 Mha of arable land, of which <10% is 
currently cultivated. Thus, SSA is the largest underutilized 
land reserve in the world.
 “Soybean has a relatively brief history of introduction 
and commercial cultivation in SSA countries [1]. It was 
introduced to SSA in the 19th century by Chinese traders 
along the east coast of Africa [2]. The fi rst record of 
cultivation of soybean in South Africa was in 1903 [3]. 
Soybean was fi rst cultivated in Tanzania in 1907 and Malawi 
in 1909 [2]. In 1908, soybean was introduced to Nigeria 
[3] and was cultivated as an export crop in a small area in 
Benue state, where the introduced variety `Malayan’ was 
adopted. The crop is usually grown in smallholdings in 
mixed cropping with sorghum or maize or as an intercrop 
in citrus orchards. Like Nigeria, Zaire has a long history of 
soybean production by indigenous farmers. Soybeans were 
introduced and promoted fi rst by missionaries before the 
nation gained independence, and are considered a medicinal 
food to prevent and cure the wasting effects of malnutrition 
in Zaire. Soybean was fi rst introduced to Sudan in 1910 [3]. 
Further introductions in the country were made in 1912, 
and in 1949, soybean was planted in southwest Sudan 
to prevent severe malnutrition among infants, children, 
and pregnant and lactating women [4]. Further soybean 
introductions were continued [5] with special efforts to 
encourage soybean cultivation in SSA. 2. Current status 
of soybean production in SSA Agriculture is the primary 
industry and the development driver in SSA. There is a 
wide range of agro-ecological regions in SSA, including 
three major zones: moist savanna, Sudan savanna, and 

mid-altitude zones, representing respectively 29%, 31%, 
and 40% of the total cropland in SSA. The three zones are 
considered to be of high potential for growing soybean 
[6]. The moist savanna zone, which has high potential for 
crop and livestock production and is widely viewed as the 
emerging breadbasket of SSA, is characterized by a growing 
period of 150 to 270 days, adequate rainfall (900-1100 
mm), high solar radiation, fertile soils, and low disease and 
insect pressures. Late-maturing soybean varieties are most 
suitable for this zone. The Sudan savanna has annual rainfall 
of 600 mm [7]. This zone is frequently subject to drought 
stress during crop growth and development, and extra-early-
maturing and drought tolerant soybean varieties are grown 
and perform well in this zone. The mid-altitude regions 
also have conditions favorable for high soybean yields, 
including cool temperatures (permitting good crop growth), 
adequate rainfall (700-900 mm) in most areas, and some 
fertile volcanic soils. The soybean planting area in SSA has 
increased dramatically, from 20,000 ha in the early 1970s 
to 1,500,000 ha in 2016. This increase has been the primary 
factor in raising soybean production in SSA by 177-fold, 
from 13,000 t [metric tons] in the early 1970s to 2,300,000 t 
in 2016 [8]. Average soybean yield in SSA has stagnated at 
1.1 t per ha in the last four decades, in contrast to the world 
average of 2.4 t per ha. The low soybean yields in SSA 
may be accounted for largely by poor-performing varieties 
and lack of sustained rhizobial inoculant use and fertilizer 
application [9].
 “In SSA, South Africa is the largest soybean producer in 
2016, followed by Nigeria, Zambia, and Uganda [8]. Other 
SSA countries, including Zimbabwe, Malawi, Ghana, Sudan, 
and Ethiopia, have also experienced sizeable commercial 
soybean expansion.” Planting area and production in the 
leading soybean-producing countries in SSA during 1987-
2016 are shown in Fig. 1; Fig. 2, respectively. Average 
yields in South Africa, Nigeria, Zambia, and Uganda during 
2012 to 2016 are presented in Table 1. In 2016, South 
Africa (2290 kg per ha) and Zambia (1940 kg per ha) had 
the highest average yields, followed by Nigeria (960 kg per 
ha) and Uganda (600 kg per ha) in SSA. During the last two 
decades, Nigeria, South Africa, and Uganda have maintained 
their positions as leading soybean-producing countries in 
the region. The reasons behind their successful soybean 
production include (1) governmental policies to produce food 
locally rather than depending on imports; (2) progress in 
research to improve varieties and practices adapted to a wide 
range of agro-climatic zones; (3) emphasis on developing 
recipes that substitute or incorporate soybeans in traditional 
foods; (4) willingness of local manufacturers to use soybeans 
in baby foods and for vegetable oils and animal feeds; and 
(5) promotion of soybean production and utilization by 
organizations, agricultural development projects, hospitals, 
schools, and local governments. South Africa and Nigeria 
offer the best examples in SSA of the potential for soybean 
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production and use. Soybean production has increased 
dramatically, from 84,000 t in 1987 to 1,320,000 t in 2016 in 
South Africa and from 40,000 t in 1987 to 680,000 t in 2016 
in Nigeria (Fig. 2). Address: 1. MOA Key Lab of Soybean 
Biology (Beijing), Institute of Crop Sciences, Chinese 
Academy of Agricultural Sciences, Beijing 100081, China; 
Gezira Research Station, Agricultural Research Corporation 
(ARC), Wad Medani, Sudan.

2992. Franke, A.C.; van den Brand, G.J.; Vanlauwe, B.; 
Giller, K.E. 2018. Sustainable intensifi cation through 
rotations with grain legumes in Sub- Saharan Africa: A 
review. Agriculture, Ecosystems and Environment 261:172-
82. July 1. [148 ref]
• Summary: “We conducted a systematic review of literature 
on the residual effects of grain legumes in cereal-based 
systems of sub-Saharan Africa (SSA) to quantify the 
magnitude and variability of rotational effects, to explore 
the importance of environmental and management factors 
in determining variability and to evaluate the evidence of 
the different mechanisms that explain rotational effects. We 
retrieved 44 unique publications providing 199 observations 
comparing continuous cereal performance with that of a 
grain legume-cereal rotation. The overall mean yield increase 
of 0.49 t [metric tons of] grain per ha, equal to an increase of 
41% of the continuous cereal yield, is highly signifi cant, but 
the variability in residual effects is large. Effects were more 
pronounced in southern Africa, the highlands of East Africa 
and the Guinea savannah, and less in the humid forest/
derived savannah of West Africa and the Sudano-Sahelian 
zone. Maize showed stronger yield responses after a legume 
than millet and sorghum. Agro-ecological zone and cereal 
type were however confounded. All grain legume types 
signifi cantly improved cereal yields, with stronger residual 
effects observed after soybean and groundnut than after 
cowpea. Fertiliser nitrogen (N) application to cereals reduces 
the residual effects of legumes, but the response at 60-120 kg 
N per ha still equalled 0.32 t per ha or 59% of the response 
when no N is applied. The sustained benefi ts with large N 
applications indicate the importance of non-N effects. While 
mechanisms for improved soil phosphorus (P) availability 
after grain legumes have been studied in some detail, it 
remains uncertain how important these are in farmers’ fi elds. 
Grain legumes are unlikely to have a major infl uence on the 
availability of nutrients other than N and P, or on soil pH. 
Benefi cial impacts of grain legumes on soil organic matter 
content can occur if legumes contribute to a greater overall 
cropping productivity, but studies generally report no such 
impacts. Evidence of impacts of grain legumes on weeds 
is limited to striga. Studies on the impacts on nematode 
pressure in cereals are inconclusive, probably because 
legumes act as a host for some of the key nematode genera 
that harm maize. The impact on the pressure of other pests 
and diseases in cereals is probably important, but evidence 

on this from SSA is lacking. Future research on N2-fi xation 
by grain legumes and residual N benefi ts should focus 
on explaining the wide variability observed among sites. 
There is a clear need for more detailed mechanistic studies 
to assess the occurrence and relevance of non-N effects of 
grain legumes, particularly in relation to common pests and 
diseases in cereals.”
 Note: Soy is mentioned 39 times in this article. Address: 
1. Soil, Crop and Climate Sciences, Univ. of the Free State, 
PO Box 339, Bloemfontein 9300, South Africa.

2993. Heerwaarden, Joost van; Baijukya, F.; Kyei-Boahen, 
S.; et al. 2018. Soyabean response to rhizobium inoculation 
across sub-Saharan Africa: Patterns of variation and the role 
of promiscuity. Agriculture, Ecosystems and Environment 
261:211-18. July 1. [26 ref]
• Summary: “Improving bacterial nitrogen fi xation in grain 
legumes is central to sustainable intensifi cation of agriculture 
in sub-Saharan Africa. In the case of soyabean, two main 
approaches have been pursued: fi rst, promiscuous varieties 
were developed to form effective symbiosis with locally 
abundant nitrogen fi xing bacteria. Second, inoculation with 
elite bacterial strains is being promoted.”
 “Average yields were estimated to be 1343 and 1227 
kg/ha with and without inoculation respectively. Inoculation 
response varied widely between trials and locations, with no 
clear spatial patterns at larger scales...
 “On average, specifi c varieties had similar uninoculated 
yields, while responding more strongly to inoculation. 
Side-by side comparisons revealed that stronger responses 
were observed at sites where promiscuous varieties had 
superior uninoculated yields, suggesting the availability of 
compatible, effective bacteria as a yield limiting factor and 
as a determinant of the magnitude of inoculation response.” 
Address: 1. Plant Production Systems, Wageningen Univ., 
P.O Box 430,6700. AK, Wageningen, The Netherlands; 2. 
International Inst. of Tropical Agriculture (IITA), Dar es 
Salaam, Tanzania.

2994. Kermah, M.; Franke, A.C.; Adjei-Nsiah, S.; Ahiabor, 
B.D.K.; Abaidoo, R.C.; Giller, K.E. 2018. N2-fi xation and 
N contribution by grain legumes under different soil fertility 
status and cropping systems in the Guinea savanna of 
northern Ghana. Agriculture, Ecosystems and Environment 
261:201-10. July 1. [46 ref]
• Summary: “Continuous cereal-based cropping has led to 
a rapid decline in soil fertility in the Guinea savanna agro-
ecological zone of northern Ghana with corresponding low 
crop yields.”
 “Our results suggest that soybean could be targeted 
in the southern Guinea savanna (SGS) and cowpea in the 
northern (NGS) for greater productivity while groundnut is 
suited to both environments. Grain legumes grown in poorly 
fertile fi elds contributed more net N to the soil but growing 
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legumes in fertile fi elds seems more lucrative due to greater 
grain and stover yields and non-N benefi ts.” Address: 1, 6. 
Plant Production Systems, Wageningen University, P.O. Box 
430, 6700 AK Wageningen, The Netherlands.

2995. Rurangwa, Edouard; Vanlauwe, Bernard; Giller, Ken 
E. 2018. Benefi ts of inoculation, P fertilizer and manure on 
yields of common bean and soybean also increase yield of 
subsequent maize. Agriculture, Ecosystems and Environment 
261:219-29. July 1. [41 ref]
• Summary: “Abstract: Common bean and soybean yield 
poorly on smallholder farms in Rwanda. We evaluated 
the benefi ts of inoculation combined with phosphorus (P) 
fertilizer and manure on yields of common bean and soybean 
in three agro-ecological zones (AEZs), and their residual 
effects on a subsequent maize crop. In the fi rst season, the 
treatments included inoculum, three rates of manure, and 
two rates of P fertilizer, with nine replications (three per 
AEZ). Both legumes responded well to inoculation if applied 
together with manure and P fertilizer. Grain yields varied 
from 1.0 tonne/ha to 1.7 tonnes/ha in unamended control 
plots to 4.8 tonnes/ha for common bean and 3.8 tonnes/
ha for soybean in inoculated plots with both P and manure 
addition. The response of common bean and soybean to 
inputs varied greatly between AEZs. In the AEZ with low 
and erratic rainfall (Bugesera), yields of both legumes and 
maize were low and maize after soybean failed to yield any 
grain due to drought. In this regard, early maturing legume 
varieties are advised in regions of low rainfall. Responses of 
maize to an input applied to the legumes strongly increased 
when other inputs were applied together to the legume. This 
allowed greater maize yields which ranged from 0.8 tonnes/
ha in control plots to 6.5 tonnes/ha in treatments previously 
inoculated with P and manure added for maize grown after 
common bean and from 1.9 tonnes/ha in control plots to 5.3 
tonnes/ha for maize grown after soybean. The amount of 
N2-fi xed measured using the 15N-natural abundance method 
differed between the two legumes and varied between 15 and 
198 kg N2 per ha for common bean and between 15 and 186 
kg N2 per ha for soybean and differed enormously among 
treatments and AEZs. Application of inputs to the legumes 
also resulted in enhanced N and P uptake of the subsequent 
maize. The use of inoculum combined with manure and P 
fertilizer is a good option for smallholder farmers growing 
common bean and soybean in rotation with maize. We 
observed strong effects of environment and call for care 
when targeting crops and technologies for sustainable crop 
production.” Address: 1. Rwanda Agriculture Board, P.O. 
Box 5016, Kigali, Rwanda.

2996. Thuita. M.; Vanlauwe, B.; Mutegi, E.; Masso, C. 2018. 
Reducing spatial variability of soybean response to rhizobia 
inoculants in farms of variable soil fertility in Siaya County 
of western Kenya Agriculture, Ecosystems and Environment 

261:153-60. July 1. [48 ref]
• Summary: “Soybean grain yields in sub-Saharan Africa 
have remained at approximately 50% below those attained 
in South America despite numerous efforts. A study was 
conducted in Siaya County (western Kenya) involving 
107 farms with soils of different fertility status. The main 
objective was to test combinations of two inoculants 
(Legumefi x and Biofi x) and nutrient sources (Minjingu 
and Sympal) to raise soybean grain yields. Inoculation 
used Legumefi x or Biofi x with and without Minjingu 
or Sympal in a factorial design. There was soil acidity 
and a widespread defi ciency of potassium, nitrogen, and 
phosphorus. Inoculation and nutrient source led to increases 
in nodulation and nodule occupancy. For grain yields the 
response varied from nil in some sites to high increases in 
others. Highest grain yields (3000-4000 kg/ha) were obtained 
with Legumefi x + Sympal (12% of the farmers testing it). 
The formulation of the nutrient source was important to 
meet other nutrient defi ciencies in most of the soils. Farmers 
using Legumefi x + Sympal require yield increases of 35% 
for profi tability (Value cost ratio of 3) while farmers using 
Minjingu + inoculant require a yield increase of at least 
68%. Inoculants used alone were most profi table but this is 
advisable only when farmers are too resource constrained 
to afford fertilizer. For sustainable yields Legumefi x + 
Sympal or Biofi x + Sympal were recommended.” Address: 
International Institute of Tropical Agriculture, PO Box 
30772-00100, Nairobi, Kenya.

2997. van Vugt, D.; Franke, A.C.; Giller, K.E. 2018. 
Understanding variability in the benefi ts of N2-fi xation and 
soybean-maize rotations on smallholder farmers’ fi elds in 
Malawi. Agriculture, Ecosystems and Environment 261:241-
50. July 1. [56 ref]
• Summary: “The results suggest that the promotion 
of soybean-maize rotations should be done through an 
integrated approach including the promotion of appropriate 
soil and crop management techniques. Furthermore, they 
suggest that wealthier households are more likely to apply 
adequate nutrient inputs and good crop management 
practices and are likely to receive larger maize yield 
responses to the incorporation of soybean.” Address: 1. Plant 
Production Systems, Wageningen University, PO Box 430, 
6700 AT Wageningen, The Netherlands.

2998. Wikipedia, the free encyclopedia. 2018. Nitrogen 
fi xation (Web article). http://en.wikipedia.org/wiki/Nitrogen_
fi xation. 1 p. Printed Sept. 9. [44 ref]
• Summary: “Nitrogen fi xation is a process by which 
nitrogen in the Earth’s atmosphere is converted into 
ammonia (NH3) or other molecules available to living 
organisms [1]. Atmospheric nitrogen or molecular dinitrogen 
(N2) is relatively inert: it does not easily react with other 
chemicals to form new compounds. The fi xation process 
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frees nitrogen atoms from their triply bonded diatomic form, 
NðN, to be used in other ways.”
 “Some nitrogen-fi xing bacteria have symbiotic 
relationships with some plant groups, especially legumes.”
 “Root nodule symbioses–The Legume family: Plants 
that contribute to nitrogen fi xation include those of the 
legume family–Fabaceae–with taxa such as kudzu, clovers, 
soybeans, alfalfa, lupines, peanuts, and rooibos. They contain 
symbiotic bacteria called rhizobia within nodules in their 
root systems, producing nitrogen compounds that help the 
plant to grow and compete with other plants [13]. When the 
plant dies, the fi xed nitrogen is released, making it available 
to other plants; this helps to fertilize the soil [1] [14]. The 
great majority of legumes have this association, but a few 
genera (e.g., Styphnolobium) do not. In many traditional and 
organic farming practices, fi elds are rotated through various 
types of crops, which usually include one consisting mainly 
or entirely of clover or buckwheat (non-legume family 
Polygonaceae), often referred to as “green manure”.[15]
 “The effi ciency of nitrogen fi xation in soil is dependent 
on many factors, including the legume as well as air and 
soil conditions. For example, nitrogen fi xation by red clover 
can range from 50–200 lb/acre depending on these variables 
[16].
 Contains 44 excellent references / footnotes.

2999. Shurtleff, William. 2018. Using Oskicat at U.C. 
Berkeley to fi nd books about nitrogen fi xation (Overview). 
SoyaScan Notes. Sept. 14. Compiled by William Shurtleff of 
Soyinfo Center on 30 July 2018.
• Summary: Search Oskicat to fi nd that the call number for 
“nitrogen fi xation” is QR89.7.
 Below the search box, toward the right, click “More 
Searches.” The default search will be for a certain LC 
[Library of Congress] call number.
 In the search box enter QR89.7 and press [Search]. Up 
come 98 results, each starting with this call number.
 At the top right you may wish to sort by title, author, 
year, reverse year, call number or material type. We will 
choose “year” then click “search” so that the earliest 
documents come fi rst. The earliest document is a 1974 book 
titled “The biology of nitrogen fi xation.”
 To see the full record, click the title.
 At any record, click the call number to see what’s nearby 
on the shelf. Address: Soyinfo Center, Lafayette, California 
94549.

3000. Craft, John Clayton. 2018. Evaluating the response 
of modern soybean cultivars to commercial foliar and soil-
applied nitrogen fertilizers. MSc thesis, The Ohio State 
University. ix + 99 p. Tables. 28 cm. [160+ ref]
• Summary: This thesis consists of four chapters: (1) 
Literature review: Soybean history, soybean industry 
overview, soybean growth and development, Ohio soybean 

production practices, Soybean nutrient requirements, impact 
of nodulation, nodule formation and N2 fi xation, evaluating 
N2 fi xation and nodule activity, soybean N fertilization 
practices, tables, references.
 (2) Foliar N impact on soybean nodulation, 
development, maturation, yield, and seed quality.
 (3). Comparison of soil and foliar applied nitrogen in 
soybeans. (4) Research refl ection. “Conclusion: Soybeans 
lack of response to N fertilization may be attributed to 
another environmental factor limiting yield potential. This 
research suggests rates of 30 lbs N per acre soil-applied 
fertilizer and 5.9 to 11.8 lbs N per acre of foliar-applied N 
fertilizer may not provide a yield return and therefore would 
not an advisable practice under conditions similar to those 
examined in this study. The N treatments did not impact 
cultivars from different maturity group ratings as previously 
hypothesized, but the conclusion (regardless of cultivar) 
is similar. The results of this study should help in making 
future recommendations for soybean nutrient management.” 
Address: Ohio.

3001. Li, Shuxian. 2018. Development of a seedling 
inoculation technique for rapid evaluation of soybean 
for resistance to Phomopsis longicolla under controlled 
conditions. BMC Plant Methods (Open Access) 14:81. 
Published 11 Sept. 2018.
• Summary: “Background: Phomopsis seed decay (PSD) 
of soybean (Glycine max L. Merr.) is caused primarily by 
the seed-borne fungal pathogen Phomopsis longicolla T.W. 
Hobbs. The PSD disease reduces seed quality and yield 
worldwide. Development of effective techniques to evaluate 
soybean for resistance to PSD can facilitate identifi cation 
of new sources of host resistance to manage the disease. 
This study was undertaken to develop and utilize a rapid 
cut-seedling inoculation technique to evaluate soybean 
genotypes for resistance to P. longicolla under controlled 
conditions.
 “Results: There were no signifi cant differences in stem 
lesion length determined as the area under disease progress 
curve at 24ºC and 30ºC. The 21 and 14-day-old seedlings 
were more susceptible than the older seedlings. Inoculation 
with 7 or 14-day-old pathogens caused higher values of 
AUDPC than older pathogen cultures. Isolates MS17-1 was 
the most aggressive isolate from the test of 25 isolates from 
seven states in the U.S. Eighteen previously reported fi eld 
PSD-resistant accessions had signifi cantly lower AUDPC 
than the susceptible checks and other entries (P ó 0.05).
 “At least 70 countries grew soybean in 2015 [1]. Global 
production of soybean was over 340 million metric tons 
in 2017 [2]. However, soybean production was suppressed 
by many diseases. Over 200 soybean pathogens have been 
identifi ed, of which, approximately 35 are believed to be of 
economic importance [1].”
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3002. SoyaScan Notes. 2018. When soy-related terms 
fi rst appear in the Reader’s Guide to Periodical Literature 
(Overview). Compiled by William Shurtleff of Soyinfo 
Center.
• Summary: The Reader’s Guide to Periodical Literature 
began publication in 1894. Soybeans fi rst appear as a subject 
heading in the April 1949–March 1952 issue. Information 
on soybeans and soyfoods is found under the following 
subject headings: Central Soya Company. Coffee substitutes. 
Cookery–soybeans. Cookery–vegetables. Diesel fuels 
(from 1979-1980). Food substitutes. Lecithin. Soybeans 
(divided into: Cost, cultivation, diseases and pests, drying, 
export-import trade, harvesting, hybrids, marketing, prices, 
seed, seeding (planting), yield; with See also: cookery–
vegetables). Multipurpose Food (from 1949). Plant proteins. 
Root tubercles. Soybean industry. Soybean products (with 
See also: okara, tempeh, tofu). Tempeh (from 1976-1977). 
Tofu (from 1977-1978). Tofutti/Tofutti Brands Inc. (from 
1984-1985). Vegetarianism.

An asterisk (*) at the end of the record means that SOYINFO 
CENTER does not own that document. A plus after eng 
(eng+) means that SOYINFO CENTER has done a partial 
or complete translation into English of that document. An 
asterisk in a listing of number of references [23* ref] means 
that most of  these references are not about soybeans or 
soyfoods.
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SUBJECT/GEOGRAPHICAL INDEX BY RECORD 
NUMBERS

Aarhus Oliefabrik (Aarhus, Denmark) 2605

Aburagé. See Tofu, Fried

Acid-base balance in diet and health. See Nutrition–Acid-Base 
Balance

Acidophilus soymilk or soy acidophilus milk. See Soymilk, 
Fermented

Adhesives, Asphalt Sealants and Preservation Agents, Caulking 
Compounds, Artifi cial Leather, Foam, Polyols, and Other Minor or 
General–Industrial Uses of Soy Oil as a Drying Oil 82, 612, 1474

Adhesives or Glues for Plywood, Other Woods, Wallpaper, Building 
Materials, Etc.–Industrial Uses of Soy Proteins (Including Soy 
Flour) 316, 339, 800, 980, 1066, 1086, 1119, 1290, 1407, 1474, 
1937

Adjuvants, Carriers, and Surfactants for Pesticides, Herbicides, and 
Other Agricultural Chemicals–Industrial Uses of Soy Oil as a Non-
Drying Oil 1813

ADM. See Archer Daniels Midland Co.

ADM Agri-Industries Ltd. (Windsor, Ontario, Canada). Formerly 
named Maple Leaf Monarch, and before that Maple Leaf Mills Ltd. 
(Including Maple Leaf Milling). Toronto Elevators Ltd. Merged 
with Maple Leaf Milling in 1962 2357

Adulteration of Foods and its Detection 285

Adventists, Seventh-day. See Seventh-day Adventists

Adzuki bean. See Azuki Bean

Africa–Algeria, Democratic and Popular Republic of 112, 123, 169, 
170, 183, 519, 951, 976, 1000, 1004, 1099, 2194, 2340, 2366

Africa–Angola 951, 1609, 2366

Africa–Benin (Bénin in French; Dahomey before 1975; Part of 
French West Africa from 1904-1960) 271, 1304, 2268, 2296, 2337, 
2366, 2411, 2502, 2549, 2715, 2726

Africa–Botswana (Bechuanaland until 1966) 2340, 2366

Africa–Burkina Faso (Upper Volta before 4 Aug. 1984) 1304, 1316, 
1890, 2266, 2268, 2366, 2411, 2476, 2502, 2549

Africa–Burundi (Part of the Belgian trust territory of Ruanda-
Urundi or Belgian East Africa until 1962) 608, 1364, 2366

Africa–Cameroon (Spelled Kamerun from 1884-1916; Cameroun 
in French) 1288, 1304, 1316, 1319, 1698, 1890, 1891, 2052, 2162, 
2266, 2268, 2269, 2337, 2350, 2366, 2411, 2446, 2502, 2549, 2715, 
2726, 2951

Africa–Central African Republic (République Centrafricaine; Part 
of Ubangi-Shari-Chad from 1906-1910. Then Ubangi-Shari or 
Oubangui-Chari. Part of French Equatorial Africa from 1910-1960. 
Called Central African Empire from 1976-1979; Centrafrique in 
French) 1676, 1698, 1890, 1891, 2366, 2415, 2549

Africa–Chad 2366

Africa–Comoros, Federal Islamic Republic of the. Isles Comores in 
French. Also called Comoro Islands. Includes the islands of Great 
Comoro (Grande Comore), Anjouan, Mayotte {a French Overseas 
Territorial Collective since 1976}, and Mohéli 1890, 2549

Africa–Congo (formerly Zaire). Offi cially Democratic Republic 
of the Congo (DRC). Also known as Congo-Kinshasa. Named 
Zaire from Oct. 1971 to May 1997. Named Congo Free State from 
1855-1908, Belgian Congo (Congo Belge in French) from 1908-
1960, Republic of the Congo from 1960 to 1964, then Democratic 
Republic of the Congo from 1964-1971 434, 608, 1000, 1107, 1173, 
1268, 1364, 1398, 1424, 1435, 1452, 1453, 1492, 1609, 1880, 1890, 
2052, 2337, 2350, 2366, 2411, 2446, 2502, 2684

Africa–Congo Republic (Offi cially Republic of the Congo or 
People’s Republic of the Congo. Also known as Congo-Brazzaville. 
Called Middle Congo {Moyen-Congo} from about 1880 to 1960. 
Part of French Equatorial Africa from 1910 to 1958) 629, 2296, 
2366, 2587, 2596

Africa–Cote d’Ivoire (Ivory Coast until Oct. 1985; Part of French 
West Africa from 1895-1959) 1304, 1316, 1890, 1891, 2052, 2141, 
2268, 2296, 2337, 2350, 2366, 2411, 2438, 2476, 2502, 2549, 2684, 
2715, 2726

Africa–Djibouti (Also Jibuti; French Somaliland–Côte Française 
des Somalis–from 1892 to 1967. French Territory of the Afars and 
Issas from 1967 to 1977) 2366

Africa–Egypt. Named United Arab Republic (UAR) from 1958-
1971 76, 692, 797, 1000, 1099, 1266, 1365, 1855, 2324, 2366, 
2426, 2434, 2476, 2501, 2678, 2681, 2816, 2817

Africa–Eritrea (Part of Ethiopia PDR from 1952 to May 1993) 823, 
1000

Africa–Ethiopia (Including Eritrea in Ethiopia PDR from 1952 to 
May 1993. Formerly Part of Italian East Africa) 823, 1000, 1384, 
1890, 1891, 2340, 2366, 2411, 2446, 2549, 2964, 2971, 2973, 2975, 
2981, 2986

Africa–Gabon (Part of French Equatorial Africa from 1910 to 1958) 
2266, 2366, 2411

Africa–Gambia (The). Includes Senegambia.. 318, 380, 608, 692, 
1365, 2340

Africa (General) 131, 259, 317, 657, 1001, 1004, 1041, 1043, 1142, 
1172, 1609, 1890, 1891, 2053, 2145, 2268, 2272, 2281, 2366, 2411, 
2435, 2441, 2443, 2509, 2530, 2549, 2557, 2601, 2621, 2636, 2666, 
2674, 2706, 2708, 2744, 2763, 2771, 2831, 2855, 2895, 2903, 2910, 
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2912, 2914, 2918, 2924, 2925, 2926, 2930, 2939, 2940, 2944, 2952, 
2958, 2968, 2983, 2987, 2991, 2993

Africa–Ghana (Gold Coast before 1957) 318, 380, 608, 692, 1609, 
1890, 2052, 2141, 2337, 2340, 2366, 2411, 2465, 2502, 2513, 2555, 
2684, 2788, 2839, 2894, 2953, 2954, 2964, 2966, 2967, 2973, 2976, 
2977, 2979, 2987, 2994

Africa–Guinea (French Guinea before 1958; Guinée in French; Part 
of French West Africa from 1895-1958) 1304, 1316, 2366, 2411, 
2547, 2549

Africa–Guinea-Bissau (Portuguese Guinea before Sept. 1974) 2366, 
2411

Africa–Introduction of Soybeans to. Earliest document seen 
concerning soybeans in a certain African country 199, 330, 434, 
629, 823, 951, 1000, 1304, 1316, 1426

Africa–Introduction of Soybeans to. Earliest document seen 
concerning soybeans or soyfoods in connection with (but not yet in) 
a certain African country 271, 306, 608, 823

Africa–Introduction of Soybeans to. Earliest document seen 
concerning the cultivation of soybeans in a certain African country 
199, 271, 330, 434, 629, 823, 951, 1000, 1304, 1316, 1426, 1676

Africa–Introduction of Soybeans to. This document contains the 
earliest date seen for soybeans in a certain African country 199, 
608, 629, 823, 1000, 1304, 1890, 1891, 2502, 2549

Africa–Introduction of Soybeans to. This document contains the 
earliest date seen for the cultivation of soybeans in a certain African 
country 199, 271, 434, 608, 629, 823, 1000, 1304, 1676, 1890, 
1891, 2502, 2549

Africa–Kenya (British East Africa Protectorate from 1895. 
Renamed Kenya Protectorate in 1920) 963, 1428, 1520, 1650, 1890, 
1923, 2052, 2366, 2434, 2443, 2654, 2693, 2890, 2935, 2936, 2938, 
2943, 2949, 2950, 2957, 2996

Africa–Lesotho (Basutoland before 1966). Constitutional Monarchy 
Surrounded by South Africa.. 2509

Africa–Liberia 2052

Africa–Libya (Including Tripoli, Tripolitania, and Cyrenaica; Also 
Spelled Libia) 823, 1000, 2194, 2366

Africa–Madagascar (Malagasy Republic or Republique Malgache 
before 1975) 474, 1000, 1384, 1640, 1641, 1698, 1890, 1891, 2052, 
2268, 2366, 2411, 2509, 2549, 2671

Africa–Malawi (Nyasaland from 1891-1964) 1417, 1421, 1456, 
1475, 1519, 1698, 1737, 1890, 2340, 2366, 2684, 2770, 2934, 2997

Africa–Mali (Part of French West Africa from 1895-1960. Senegal 
& Sudanese Republic from June 20 to August 20, 1960. Formerly 
also called French Sudan (Soudan français, created on 18 Aug. 
1890) and Upper Senegal-Niger (Haute-Sénégal et Niger)) 1304, 

1316, 1890, 2268, 2366, 2411, 2513, 2549

Africa–Mauritania, Islamic Republic of (Part of French West Africa 
from 1904-1960) 2366

Africa–Mauritius (Ile Maurice, Including Rodriguez, in the 
Mascarene Islands, 450 Miles East of Madagascar) 284, 312, 357, 
474, 692, 1000

Africa–Morocco, Kingdom of (Including Western Sahara. Divided 
into French Morocco and Spanish Morocco from 1912-1956) 1000, 
1004, 1321, 2194, 2340, 2366, 2761

Africa–Mozambique (Moçambique; Portuguese East Africa before 
1975) 306, 338, 1426, 1454, 2319, 2366, 2376, 2425, 2965, 2976, 
2977, 2978, 2980

Africa–Namibia (German South-West Africa from 1885 to 1915, 
and South-West Africa from 1919 to 1966 as a mandate of the 
Union of South Africa. Namibia came into popular use in 1966 and 
became offi cial in March 1990) 2366

Africa–Niger (Part of French West Africa from 1904-1959) 2366, 
2549, 2609

Africa–Nigeria, Federal Republic of 318, 380, 608, 692, 1288, 
1316, 1365, 1384, 1558, 1564, 1577, 1676, 1770, 1795, 1796, 1868, 
1870, 1876, 1885, 1890, 1893, 1930, 1959, 2005, 2052, 2053, 2065, 
2088, 2089, 2098, 2141, 2195, 2212, 2213, 2228, 2236, 2245, 2268, 
2272, 2275, 2281, 2291, 2300, 2301, 2313, 2329, 2336, 2337, 2350, 
2366, 2374, 2382, 2383, 2384, 2396, 2402, 2407, 2411, 2415, 2435, 
2446, 2468, 2476, 2500, 2502, 2503, 2504, 2505, 2508, 2533, 2549, 
2555, 2599, 2609, 2643, 2648, 2649, 2650, 2672, 2684, 2693, 2696, 
2715, 2725, 2726, 2734, 2738, 2756, 2764, 2765, 2767, 2774, 2782, 
2793, 2796, 2829, 2830, 2835, 2851, 2853, 2854, 2856, 2871, 2875, 
2899, 2903, 2904, 2915, 2918, 2925, 2926, 2930, 2934, 2940, 2944, 
2951, 2952, 2958, 2960, 2972

Africa–Reunion (Réunion is a Department of France, in the 
Mascarene Islands, 425 Miles East of Madagascar) 1000, 2268, 
2296, 2549

Africa–Rwanda (Part of the Belgian trust territory of Ruanda-
Urundi or Belgian East Africa until 1962) 608, 1364, 1698, 1880, 
2162, 2337, 2366, 2411, 2413, 2446, 2474, 2549, 2587, 2652, 2992, 
2995

Africa–Senegal (Part of French West Africa from 1895-1959. 
Sénégal & Sudanese Republic from June 20 to August 20, 1960. 
Includes Senegambia) 1698, 1890, 1891, 1985, 2052, 2158, 2223, 
2255, 2268, 2273, 2274, 2294, 2297, 2303, 2311, 2337, 2343, 2344, 
2366, 2378, 2381, 2411, 2431, 2502, 2549

Africa–Sierra Leone 318, 380, 608, 692, 1789, 1870, 1942, 2052, 
2076, 2232, 2233, 2337, 2366

Africa–Somalia. (Formed in 1960 by the Union of British 
Somaliland and Italian Somaliland. Formerly Part of Italian East 
Africa) 823, 2340, 2366
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Africa–South Africa, Republic of (Including four former 
Homelands–Bophuthatswana, Transkei, Venda, and Ciskei). Named 
Union of South Africa from May 1910 to May 1961 158, 178, 185, 
189, 193, 199, 244, 258, 277, 282, 285, 295, 305, 306, 318, 334, 
360, 366, 367, 380, 474, 612, 692, 704, 797, 803, 818, 819, 825, 
849, 853, 862, 881, 922, 968, 1000, 1003, 1013, 1099, 1106, 1119, 
1127, 1173, 1190, 1288, 1310, 1320, 1384, 1387, 1417, 1421, 1454, 
1456, 1564, 1566, 1570, 1624, 1637, 1642, 1670, 1676, 1698, 1890, 
1891, 1938, 1979, 2280, 2366, 2411, 2435, 2934, 2962, 2980, 2982

Africa–Soybean Production, Area and Stocks–Statistics, Trends, 
and Analyses 1384, 1880, 2324, 2396, 2501, 2502

Africa–Sudan (Anglo-Egyptian Sudan from 1899-1956) 1000, 
1371, 1663, 1830, 2194, 2270, 2340, 2366, 2484

Africa–Swaziland, Kingdom of (Independent Kingdom Inside 
South Africa; Formerly Also Spelled Swazieland) 2076, 2232, 2233

Africa–Tanzania, United Republic of (Formed the Bulk of German 
East Africa 1895-1946. Tanganyika existed 1920-1961. Created in 
1964 by Merger of Tanganyika and Zanzibar) 330, 665, 963, 1321, 
1487, 1564, 1590, 1609, 1663, 1698, 1890, 1959, 1977, 2005, 2018, 
2055, 2185, 2275, 2313, 2322, 2340, 2366, 2411, 2415, 2476, 2500, 
2530, 2549

Africa–Togo (Togoland until 1914) 2268, 2296, 2337, 2366, 2411, 
2502, 2513, 2549

Africa–Tunisia 271, 307, 1000, 1004, 1223, 1228, 1724, 2194, 2366

Africa–Uganda 1106, 1293, 1308, 1890, 2366, 2411, 2715, 2726, 
2773, 2961, 2985

Africa–Zambia (Northern Rhodesia from 1899-1964) 1480, 1487, 
1609, 1623, 1663, 1773, 1818, 1890, 2271, 2298, 2337, 2340, 2350, 
2366, 2404, 2411, 2425, 2455, 2515, 2516, 2517, 2520, 2526, 2528, 
2537, 2549, 2556, 2686, 2730, 2800, 2951

Africa–Zimbabwe (Southern Rhodesia from 1923-1970, Rhodesia 
from 1970-79) 537, 918, 970, 1000, 1127, 1189, 1263, 1288, 1332, 
1399, 1475, 1487, 1499, 1519, 1522, 1576, 1592, 1611, 1615, 1623, 
1628, 1629, 1637, 1642, 1663, 1859, 1890, 1938, 2062, 2123, 2271, 
2337, 2340, 2350, 2366, 2411, 2469, 2500, 2512, 2523, 2526, 2549, 
2686, 2712, 2771, 2772, 2776, 2786, 2800, 2827, 2874, 2892, 2931

Agricultural Adjustment Administration (AAA). See United States 
Department of Agriculture (USDA)–Agricultural Adjustment 
Administration

Agricultural Chemistry and Engineering, Bureau. See United States 
Department of Agriculture (USDA)–Bureau of Agricultural and 
Industrial Chemistry

Agricultural colleges and universities, state. See Land-Grant 
Colleges and Universities

Agricultural Economics, Bureau of. See United States Department 
of Agriculture (USDA)–Bureau of Agricultural Economics

Agricultural Experiment Stations in the United States 23, 27, 31, 
33, 35, 36, 37, 43, 48, 49, 55, 56, 60, 61, 62, 63, 68, 69, 70, 75, 78, 
79, 82, 90, 92, 93, 94, 97, 98, 103, 109, 111, 121, 124, 126, 128, 
129, 133, 134, 135, 137, 138, 143, 145, 146, 147, 150, 156, 161, 
162, 168, 171, 173, 174, 177, 181, 182, 185, 190, 192, 194, 195, 
205, 206, 214, 215, 218, 220, 224, 225, 226, 229, 230, 234, 235, 
241, 242, 245, 250, 252, 253, 257, 260, 264, 290, 297, 304, 308, 
310, 311, 325, 326, 327, 332, 340, 343, 350, 358, 362, 369, 370, 
373, 376, 379, 382, 383, 384, 387, 388, 391, 392, 393, 394, 399, 
400, 402, 403, 406, 410, 411, 414, 415, 417, 420, 421, 425, 426, 
427, 435, 436, 437, 447, 452, 454, 456, 462, 465, 466, 467, 469, 
470, 471, 473, 476, 477, 479, 482, 483, 484, 485, 486, 487, 488, 
489, 491, 493, 494, 495, 496, 497, 500, 501, 506, 507, 512, 515, 
517, 518, 523, 526, 528, 531, 535, 538, 541, 542, 543, 551, 552, 
553, 555, 556, 557, 558, 571, 576, 579, 590, 591, 592, 593, 594, 
596, 603, 606, 610, 611, 613, 618, 621, 622, 628, 632, 635, 636, 
641, 646, 648, 651, 654, 659, 663, 664, 665, 668, 671, 672, 676, 
677, 679, 681, 685, 689, 693, 694, 697, 699, 701, 705, 706, 707, 
708, 711, 715, 721, 722, 723, 724, 725, 726, 727, 728, 729, 732, 
733, 735, 740, 741, 742, 744, 747, 750, 752, 753, 754, 756, 757, 
762, 763, 764, 765, 766, 767, 768, 770, 773, 775, 779, 780, 782, 
783, 784, 785, 786, 788, 790, 795, 796, 797, 800, 804, 806, 810, 
811, 812, 813, 822, 826, 830, 835, 838, 842, 855, 858, 861, 864, 
866, 869, 871, 873, 882, 887, 890, 896, 904, 905, 911, 913, 915, 
916, 919, 924, 930, 931, 935, 938, 939, 940, 942, 951, 962, 965, 
975, 978, 985, 993, 998, 999, 1002, 1006, 1008, 1014, 1018, 1024, 
1031, 1037, 1044, 1047, 1055, 1057, 1065, 1066, 1068, 1074, 1075, 
1084, 1085, 1087, 1088, 1096, 1097, 1115, 1128, 1148, 1153, 1174, 
1179, 1180, 1182, 1183, 1186, 1188, 1193, 1204, 1218, 1224, 1229, 
1230, 1232, 1234, 1236, 1246, 1250, 1253, 1257, 1258, 1259, 1264, 
1265, 1269, 1274, 1276, 1277, 1279, 1282, 1289, 1296, 1309, 1312, 
1325, 1347, 1350, 1357, 1358, 1376, 1378, 1379, 1385, 1390, 1400, 
1407, 1431, 1442, 1446, 1462, 1478, 1479, 1488, 1509, 1530, 1544, 
1546, 1552, 1565, 1599, 1618, 1619, 1630, 1717, 1786, 1787, 1792, 
1875, 1908, 2040, 2079, 2139, 2180, 2239, 2258, 2262, 2263, 2285, 
2286, 2287, 2327, 2373, 2488, 2499, 2588, 2799, 2849, 2947, 2948

Agricultural Research Service of USDA. See United States 
Department of Agriculture (USDA)–Agricultural Research Service 
(ARS)

Agronomy, soybean. See Cultural Practices, Soybean Production

Alfalfa or Lucerne / Lucern (Medicago sativa) 8, 12, 21, 23, 27, 
63, 69, 111, 126, 129, 137, 140, 145, 150, 154, 159, 173, 175, 176, 
179, 192, 195, 206, 212, 213, 234, 236, 241, 244, 245, 248, 257, 
262, 264, 287, 291, 321, 341, 359, 393, 403, 405, 406, 410, 435, 
442, 444, 445, 454, 456, 466, 475, 478, 481, 487, 495, 509, 522, 
553, 555, 559, 572, 586, 590, 598, 602, 617, 625, 653, 660, 664, 
674, 686, 693, 701, 702, 708, 710, 723, 729, 731, 737, 738, 739, 
741, 751, 781, 799, 842, 858, 859, 860, 868, 976, 1018, 1115, 1139, 
1147, 1166, 1176, 1267, 1325, 1339, 1441, 1542, 1584, 1585, 1675, 
1677, 1736, 2608, 2760

Alkaline food, ash, reaction, or balance in diet and health. See 
Nutrition–Acid-Base Balance

Allergies. See Nutrition–Biologically Active Phytochemicals–
Allergens
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Allied Mills, Inc. (Formed 6 Aug. 1929) by the Merger of American 
Milling Co. (Peoria, Illinois) and McMillen Feed Co. Maker of 
Wayne Feeds 847, 1349, 1474, 1513

All-India Research Project on Soyabean (ICAR). See Asia, South–
India. Work of the Indian Council of Agricultural Research (ICAR)

Alpro (Wevelgem, Belgium), Including the Provamel and Belsoy 
Brands Sold in Health Foods Stores 2584

Amaranth, Grown for Grain / Seed (Amaranthus hypochondriacus, 
A. caudatus, and A. cruentus. Genus formerly spelled Amarantus) 
2138

American Milling Co. See Allied Mills, Inc.

American Soybean Association (ASA)–Activities in the United 
States and Canada, and General Information (Headquarters in 
St. Louis, Missouri. Established 3 Sept. 1920. Named National 
Soybean Growers’ Association until 1925) 782, 799, 1314, 1337, 
1443, 1513, 1526, 1679, 2180, 2284, 2373, 2941

American Soybean Association (ASA)–Activities, Offi ces, and 
Infl uence Worldwide (General) 2284

American Soybean Association (ASA)–Checkoff Programs 
(Legislated / Mandatory Funding. State Programs Starting in North 
Carolina in Sept. 1966, National Programs–SPARC–Starting in 
1989-1991), and State Promotion Boards (Research & Promotion 
Councils) 2865

American Soybean Association (ASA)–Funding and Fundraising 
Before Checkoff Program or 1971. Voluntary or from USDA (FAS 
or ARS) 768, 790, 1314, 1360, 1679

American Soybean Association (ASA)–Japanese-American 
Soybean Institute (JASI) 1474

American Soybean Association (ASA)–Legislative Activities 1403

American Soybean Association (ASA)–Meetings / Conventions 
(Annual) and Meeting Sites 633, 654, 700, 706, 741, 761, 764, 765, 
766, 767, 768, 790, 873, 874, 875, 877, 879, 1232, 1679

American Soybean Association (ASA)–Members and Membership 
Statistics 741, 768, 790

American Soybean Association (ASA)–Offi cers, Directors (Board), 
and Special Committees 741, 765, 766, 768, 790

American Soybean Association (ASA)–Periodicals, Including 
Soybean Digest, Proceedings of the American Soybean Assoc., 
Soybean Blue Book, Soya Bluebook, Late News, etc.. 761, 1146, 
1156, 1313, 1403, 1474, 1526

American Soybean Association (ASA)–Soybean Council of 
America (June 1956-1969). Replaced by American Soybean 
Institute (Est. 11 July 1969) 1474, 1679

American Soybean Association (ASA)–State Soybean Associations 

and Boards (Starting with Minnesota in 1962) 2373

American Soybean Association (ASA)–State Soybean Associations 
and United Soybean Board–Activities Related to Food Uses of 
Soybeans / Soyfoods, or Soy Nutrition, in the United States (Not 
Including Soy Oil or Edible Oil Products) 764, 765, 875

American Soybean Association (ASA)–Strayer. See Strayer Family 
of Iowa

Amino Acids and Amino Acid Composition and Content. See also 
Nutrition–Protein Quality; Soy Sauce, HVP Type 630, 697, 1066, 
1097, 1311, 1328, 1474, 1521, 1656, 1779, 1856, 1921, 2138, 2164, 
2279, 2403, 2550, 2606, 2720

Anatomy, soybean. See Soybean–Morphology, Structure, and 
Anatomy

Anderson International Corp. (Cleveland, Ohio). Manufacturer of 
Expellers for Soybean Crushing, Solvent Extraction Equipment, 
and Extrusion Cooking Equipment. Formerly V.D. Anderson Co. 
and Anderson IBEC 675, 1474

Antinutritional Factors (General). See also: Allergens, Estrogens, 
Goitrogens, Hemagglutinins (Lectins), Trypsin / Protease Inhibitors. 
See also: Phytic Acid 1772, 2147, 2348

Appliances. See Blender

Aquaculture. See Fish or Crustaceans (e.g. Shrimp) Fed Soybean 
Meal Using Aquaculture or Mariculture

Archaeology and Archaeological Discoveries of Ancient Soybeans 
or Soyfoods 1529, 1661, 1684, 1929, 2380, 2619, 2969

Archer Daniels Midland Co. (ADM) (Decatur, Illinois; 
Minneapolis, Minnesota until 1969) 1066, 1420, 1474, 1937, 2284, 
2357

Argentina. See Latin America, South America–Argentina

Arkansas Grain Corp. See Riceland Foods

Arlington Experimental Farm. See United States Department of 
Agriculture (USDA)–Arlington Experimental Farm

Asgrow (Des Moines, Iowa). Incl. Associated Seed Growers, 
Inc. Acquired in Feb. 1997 by Monsanto Co. from Empresas La 
Moderna, S.A. (ELM) 1267, 2264, 2342, 2457

Asia, Central–Introduction of Soybeans to. This document contains 
the earliest date seen for soybeans in a certain Central Asian country 
2051

Asia, Central–Introduction of Soybeans to. This document contains 
the earliest date seen for the cultivation of soybeans in a certain 
Central Asian country 2051

Asia, Central–Kazakhstan / Kazakstan (Formerly Kazakh SSR, a 
Central Asian Soviet Republic from 1917 to Dec. 1991) 2598, 2618
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Asia, Central–Tajikistan (Formerly Tadzhik SSR, a Central Asian 
Soviet Republic from 1917 to Dec. 1991. Also spelled Tadzhikistan) 
2276

Asia, Central–Uzbekistan (Formerly Uzbek SSR, a Central Asian 
Soviet Republic from 1917 to Dec. 1991) 2051, 2229, 2388

Asia, East–China–Chinese Restaurants Outside China, or Soy 
Ingredients Used in Chinese-Style Recipes, Food Products, or 
Dishes Outside China 987

Asia, East–China (People’s Republic of China; Zhonghua Renmin 
Gonghe Guo). See also Hong Kong, Manchuria, and Tibet 1, 2, 26, 
29, 34, 45, 71, 82, 102, 112, 131, 138, 168, 181, 187, 197, 246, 247, 
250, 257, 261, 282, 288, 294, 296, 299, 302, 316, 319, 336, 339, 
431, 449, 505, 519, 534, 580, 631, 656, 657, 683, 692, 696, 712, 
767, 797, 800, 853, 854, 865, 870, 885, 889, 894, 932, 977, 988, 
1000, 1001, 1004, 1041, 1043, 1074, 1099, 1111, 1173, 1200, 1203, 
1206, 1220, 1318, 1320, 1321, 1329, 1338, 1365, 1420, 1457, 1518, 
1529, 1539, 1618, 1627, 1661, 1684, 1695, 1822, 1890, 1891, 1929, 
1937, 1954, 1975, 2204, 2209, 2250, 2258, 2284, 2292, 2327, 2330, 
2347, 2379, 2380, 2419, 2425, 2435, 2467, 2544, 2584, 2588, 2619, 
2635, 2736, 2753, 2836, 2852, 2881, 2884, 2887, 2908, 2969, 2990, 
2991

Asia, East–China–Shennong / Shên Nung / Shen Nung–The 
Heavenly Husbandman and Mythical Early Emperor of China 853, 
1043, 1067, 1099, 1618, 1627, 1684, 1937

Asia, East–China–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 692, 712, 853, 1041, 1518

Asia, East–Chinese overseas. See Chinese Overseas, Especially 
Work with Soy (Including Chinese from Taiwan, Hong Kong, 
Singapore, etc.)

Asia, East (General) 182, 386, 498, 608, 715, 756, 765, 835, 851, 
1172, 1745, 2162, 2505

Asia, East–Hong Kong Special Administrative Region (SAR) 
(British Colony until 1 July 1997, then returned to China) 246, 250, 
258, 2435, 2439

Asia, East–Introduction of Soybeans to. Earliest document seen 
concerning soybeans in a certain East Asian country 187

Asia, East–Introduction of Soybeans to. Earliest document seen 
concerning the cultivation of soybeans in a certain East Asian 
country 187

Asia, East–Introduction of Soybeans to or Dissemination of 
Soybeans from. Other or general information and leads concerning 
East Asia 250, 1661

Asia, East–Introduction of Soybeans to. This document contains the 
earliest date seen for soybeans in a certain East Asian country 1684

Asia, East–Introduction of Soybeans to. This document contains the 
earliest date seen for the cultivation of soybeans in a certain East 

Asian country 1684

Asia, East–Japan (Nihon or Nippon) 26, 48, 49, 59, 63, 68, 69, 82, 
93, 98, 101, 124, 131, 137, 138, 140, 153, 163, 165, 170, 172, 181, 
187, 209, 220, 245, 246, 250, 257, 258, 259, 261, 273, 282, 285, 
296, 316, 318, 327, 330, 331, 339, 344, 380, 384, 426, 440, 450, 
474, 500, 505, 534, 577, 607, 631, 652, 656, 657, 692, 696, 697, 
698, 712, 716, 737, 738, 739, 767, 797, 800, 853, 860, 865, 870, 
889, 894, 898, 911, 932, 938, 944, 952, 979, 988, 1000, 1001, 1003, 
1004, 1019, 1041, 1043, 1074, 1075, 1099, 1111, 1119, 1160, 1173, 
1304, 1329, 1336, 1338, 1365, 1373, 1395, 1402, 1472, 1474, 1517, 
1518, 1539, 1551, 1752, 1784, 1907, 2022, 2032, 2075, 2116, 2136, 
2144, 2173, 2188, 2198, 2202, 2241, 2242, 2243, 2277, 2278, 2330, 
2353, 2354, 2380, 2389, 2435, 2439, 2447, 2461, 2476, 2497, 2521, 
2533, 2569, 2570, 2571, 2573, 2574, 2575, 2576, 2588, 2607, 2622, 
2625, 2626, 2640, 2642, 2653, 2657, 2658, 2669, 2673, 2674, 2679, 
2680, 2684, 2690, 2691, 2697, 2698, 2699, 2702, 2713, 2714, 2716, 
2717, 2719, 2721, 2724, 2726, 2731, 2735, 2742, 2748, 2749, 2751, 
2752, 2775, 2779, 2781, 2784, 2789, 2790, 2791, 2792, 2808, 2810, 
2813, 2814, 2815, 2824, 2828, 2838, 2840, 2841, 2842, 2844, 2847, 
2850, 2857, 2858, 2859, 2860, 2866, 2872, 2876, 2882, 2883, 2885, 
2886, 2888, 2889, 2893, 2896, 2897, 2898, 2900, 2905, 2906, 2911, 
2916, 2927, 2946, 2955, 2956, 2959, 2986

Asia, East–Japan–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 59, 246, 692, 712, 853, 952, 1518

Asia, East–Japanese overseas. See Japanese Overseas, Especially 
Work with Soy

Asia, East–Korea (North and South; Formerly Also Spelled Corea 
and Called “Chosen” by the Japanese [1907-1945]) 187, 246, 250, 
316, 534, 656, 657, 692, 696, 712, 797, 800, 952, 1000, 1041, 1099, 
1111, 1172, 1365, 1518, 1539, 1970, 2070, 2330, 2380, 2435, 2439, 
2476, 2969

Asia, East–Korea–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 712, 1518

Asia, East–Manchuria. See South Manchuria Railway and the South 
Manchuria Railway Company (Minami Manshu Tetsudo K.K.)

Asia, East–Manchuria (Called Manchoukuo or Manchukuo by 
Japanese 1932-45; The Provinces of Heilongjiang [Heilungkiang], 
Jilin [Kirin], and Liaoning Were Called Northeast China after 1950) 
209, 246, 251, 258, 259, 277, 282, 295, 296, 299, 300, 316, 318, 
331, 369, 380, 407, 425, 435, 440, 450, 474, 486, 519, 534, 554, 
609, 652, 656, 657, 692, 696, 697, 712, 797, 800, 823, 824, 853, 
865, 870, 889, 894, 896, 914, 952, 976, 979, 988, 1000, 1003, 1004, 
1019, 1041, 1042, 1043, 1071, 1099, 1109, 1111, 1119, 1172, 1173, 
1175, 1203, 1290, 1291, 1322, 1336, 1365, 1384, 1609, 1684, 1911, 
1929, 2435, 2714

Asia, East–Manchuria–Soybean Production, Area and Stocks–
Statistics, Trends, and Analyses 296, 692, 697, 712, 853, 894, 952, 
1041

Asia, East–Mongolia (Mongol Uls; Outer and Inner Mongolia 
Before 1911; Mongolian People’s Republic until 1992) 63, 339, 
385, 672, 714, 725, 797
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Asia, East–Taiwan (Republic of China. Widely called by its 
Portuguese name, Formosa, from the 1870s until about 1945) 246, 
656, 692, 712, 952, 1481, 1676, 1810, 1890, 1891, 1953, 2046, 
2070, 2133, 2326, 2330, 2420, 2435, 2446, 2476, 2500, 2505, 2549, 
2607, 2821

Asia, East–Taiwan–Soybean Production, Area and Stocks–
Statistics, Trends, and Analyses 246, 712

Asia (General, Including East, Southeast, South, Middle East, and 
Central) 271, 1521, 2350, 2402, 2609

Asia, Middle East–Afghanistan, Islamic State of 1074, 1365, 2194

Asia, Middle East–Bahrain, State of (Also spelled Bahrein) 2633

Asia, Middle East–Cyprus 1000, 2471

Asia, Middle East–Introduction of Soybeans to. Earliest document 
seen concerning soybeans in a certain Middle Eastern country 1000, 
1361

Asia, Middle East–Introduction of Soybeans to. Earliest document 
seen concerning soybeans or soyfoods in connection with (but not 
yet in) a certain Middle Eastern country 1000

Asia, Middle East–Introduction of Soybeans to. Earliest document 
seen concerning the cultivation of soybeans in a certain Middle 
Eastern country 1000, 1361

Asia, Middle East–Introduction of Soybeans to. This document 
contains the earliest date seen for soybeans in a certain Middle 
Eastern country 1361

Asia, Middle East–Introduction of Soybeans to. This document 
contains the earliest date seen for the cultivation of soybeans in a 
certain Middle Eastern country 1361

Asia, Middle East–Iran, Islamic Republic of (Jomhori-e-Islami-e-
Irân; Persia before 1935) 1074, 1740, 1749, 2011, 2187, 2330

Asia, Middle East–Iraq (al Jumhouriya al ‘Iraqia) 1074, 2146, 2224, 
2340, 2429

Asia, Middle East–Israel and Judaism (State of Israel, Medinat 
Israel; Established May 1948; Including West Bank, Gaza Strip, and 
Golan Heights Since 1967) 1000, 1361, 1373, 1663, 2172

Asia, Middle East–Jordan, Hashemite Kingdom of (Transjordan 
until 1949) 2668

Asia, Middle East–Lebanon (al-Jumhouriya al-Lubnaniya) 1744, 
1879, 2551

Asia, Middle East, Mideast, or Near East (General) 2380

Asia, Middle East–Palestine (Divided between Israel and Jordan in 
1948-49) 1000, 1361

Asia, Middle East–Saudi Arabia, Kingdom of (al-Mamlaka al-
`Arabiya as-Sa`udiya) 2248, 2448

Asia, Middle East–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 2330

Asia, Middle East–Syria (Syrian Arab Republic; Including Latakia, 
Alawiya, and Territory of the Alaouites) 2194, 2340

Asia, Middle East–Turkey (Including Anatolia or Asia Minor) 1000, 
2340

Asia, South–Bangladesh, People’s Republic of (East Bengal [See 
India] from 1700s-1947, and East Pakistan [See Pakistan] from 
1947-1971) 1000, 1384, 1972, 2420, 2435, 2473, 2476, 2518, 2583

Asia, South–Bhutan, Kingdom of 1000, 1042

Asia, South–India (Bharat, Including Sikkim, and Andaman and 
Nicobar Islands) 71, 212, 246, 257, 258, 259, 261, 283, 339, 344, 
426, 474, 519, 530, 580, 665, 692, 696, 697, 797, 821, 885, 944, 
1000, 1001, 1003, 1041, 1042, 1043, 1068, 1099, 1119, 1173, 1288, 
1321, 1329, 1365, 1384, 1414, 1420, 1463, 1472, 1616, 1622, 1633, 
1643, 1647, 1651, 1660, 1668, 1671, 1690, 1693, 1700, 1706, 1707, 
1710, 1711, 1713, 1718, 1719, 1722, 1730, 1731, 1734, 1736, 1739, 
1746, 1755, 1758, 1772, 1776, 1780, 1785, 1788, 1790, 1791, 1794, 
1799, 1813, 1819, 1822, 1823, 1833, 1834, 1836, 1838, 1851, 1857, 
1870, 1895, 1896, 1897, 1906, 1911, 1912, 1917, 1918, 1933, 1946, 
1957, 1960, 1964, 1965, 1973, 1989, 2026, 2041, 2047, 2048, 2053, 
2085, 2091, 2106, 2122, 2131, 2147, 2151, 2163, 2186, 2194, 2203, 
2214, 2228, 2256, 2287, 2314, 2315, 2321, 2330, 2346, 2373, 2391, 
2400, 2407, 2420, 2421, 2435, 2446, 2453, 2466, 2467, 2476, 2485, 
2490, 2500, 2503, 2539, 2559, 2560, 2572, 2586, 2638, 2750, 2822, 
2852, 2879, 2884, 2909, 2913, 2921, 2922, 2923

Asia, South–India, Northeast / North-East. The Contiguous Seven 
Sister States and Sikkim–Which are Ethnically Distinct. The States 
are Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 
Nagaland, and Tripura 1000, 1042

Asia, South–India. Work of the Indian Agricultural Research 
Institute (IARI, New Delhi) with Soyabeans in India. Established 
in 1905 as the Imperial Agricultural Research Institute (Pusa 
Samastipur, and Bihar) 1633, 1651, 1710, 1736, 1906, 2490

Asia, South–India. Work of the Indian Council of Agricultural 
Research (ICAR), the All-India Research Project on Soyabean 
(ICAR, Uttar Pradesh), and the National Research Centre for 
Soybean (ICAR, Madhya Pradesh)–with Soyabeans in India 1622, 
1633, 1651, 1785, 1946, 2400, 2421, 2453, 2466, 2485, 2490, 2503, 
2539, 2560, 2572, 2586, 2822

Asia, South (Indian Subcontinent) 2070

Asia, South–Introduction of Soybeans to. This document contains 
the earliest date seen for the cultivation of soybeans in a certain 
South Asian country 1972, 2293

Asia, South–Nepal, Kingdom of 1000, 1042, 2124, 2330, 2435, 
2927
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Asia, South–Pakistan, Islamic Republic of (Part of British India 
until 1947. Divided into West Pakistan and East Pakistan 1947-
1971, when East Pakistan Became Independent as Bangladesh) 
1000, 1042, 1384, 1474, 1676, 1863, 1870, 2194, 2293, 2435, 2494, 
2592, 2594, 2852

Asia, South–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 1042, 1882, 2124, 2203, 2330, 2466

Asia, South–Sri Lanka, Democratic Socialist Republic of (Ceylon 
before 22 May 1972. Serendib was the ancient Arabic name) 296, 
319, 426, 534, 665, 823, 1000, 1015, 1068, 1090, 1107, 1288, 1810, 
1882, 1931, 1966, 1969, 2142, 2222, 2228, 2235, 2302, 2310, 2330, 
2370, 2371, 2394, 2397, 2398, 2425, 2435, 2638, 2641

Asia, Southeast–Cambodia, Kingdom of (Kampuchea from 1979 to 
the 1980s; Also Khmer Republic) 1000, 1304

Asia, Southeast (General) 98, 156, 257, 258, 259, 261, 335, 530, 
2070, 2476

Asia, Southeast–Indonesia (Netherland(s) Indies, Netherlands East 
Indies, or Dutch East Indies before 1945) (Including Islands of 
Java, Borneo, Celebes, Lesser Sunda, Moluccas, New Guinea [West 
Irian], and Sumatra) 26, 250, 296, 319, 339, 344, 464, 534, 580, 
656, 692, 797, 853, 894, 973, 1000, 1005, 1041, 1042, 1053, 1068, 
1074, 1079, 1099, 1111, 1119, 1172, 1173, 1205, 1288, 1304, 1316, 
1320, 1321, 1322, 1325, 1329, 1364, 1365, 1518, 1535, 1539, 1564, 
1609, 1649, 1658, 1864, 1870, 1878, 1974, 2070, 2164, 2197, 2212, 
2228, 2313, 2415, 2435, 2467, 2468, 2472, 2479, 2480, 2482, 2483, 
2500, 2549, 2639, 2704

Asia, Southeast–Indonesia–Soybean Production, Area and Stocks–
Statistics, Trends, and Analyses 712, 853, 1041, 1518

Asia, Southeast–Laos 339, 1000

Asia, Southeast–Malaysia, Federation of (Including East Malaysia 
Composed of Sarawak and Sabah. British Borneo or North Borneo 
from about 1881 to 1963). Federation of Malaya before 1963 319, 
692, 797, 1000, 1074, 1173, 1288, 1433, 1676, 1804, 1861, 1936, 
1955, 2184, 2336, 2396, 2439, 2502

Asia, Southeast–Myanmar / Burma. Offi cially Union of Myanmar 
692, 1000, 1042, 1172, 1365, 1384

Asia, Southeast–Philippines, Republic of the 319, 357, 449, 692, 
1000, 1099, 1119, 1122, 1173, 1288, 1329, 1365, 1384, 1535, 1823, 
1967, 2010, 2070, 2295, 2330, 2467, 2476, 2495, 2522, 2662

Asia, Southeast–Singapore (Part of the Straits Settlements [British] 
from 1826 to 1946) 2435, 2439

Asia, Southeast–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 894, 2745

Asia, Southeast–Thailand, Kingdom of (Siam before 1939) 344, 
1000, 1099, 1171, 1365, 1384, 1842, 1870, 1971, 1975, 2070, 2330, 
2435, 2467, 2500, 2610, 2623, 2707, 2731, 2742, 2743, 2745, 2746, 

2747, 2750, 2787, 2789, 2857

Asia, Southeast–Vietnam / Viet Nam, Socialist Republic of 
(North and South) (Divided by French into Tonkin, Annam, and 
Cochinchine from 1887-1945) 339, 692, 712, 894, 1000, 1004, 
1074, 1099, 1173, 1199, 1270, 1304, 1365, 1669, 2367, 2368, 2425, 
2458

Asia, soyfoods movement in. See Soyfoods Movement in Asia

Asia, Transcaucasia–Armenia (Formerly Armenian SSR, a 
Transcaucasian Soviet Republic from 1917 to Dec. 1991) 1685, 
1802, 1919

Asia, Transcaucasia–Azerbaijan (Azerbaijani Republic; Formerly 
Azerbaijan SSR, a Transcaucasian Soviet Republic from 1917 to 
Dec. 1991. Also spelled Azerbaidzhan, Aderbijan) 1500

Asia, Transcaucasia–Georgia, Republic of (Formerly Georgian 
SSR, a Transcaucasian Soviet Republic from 1921 to Dec. 1991) 
974

Asia, Transcaucasia (Presently Armenia, Azerbaijan, and Georgia. 
Formerly Transcaucasian Soviet Republics from about 1917 to Dec. 
1991) 1173

Asparagus bean. See Yard-Long Bean or Asparagus Bean

Aspergillus oryzae. See Koji, Miso, or Soy Sauce

Associated Seed Growers, Inc. See Asgrow (Des Moines, Iowa)

Atlantic Ocean islands. See Oceania

Australasia. See Oceania

Australia. See Oceania–Australia

AVRDC–The World Vegetable Center. Named Asian Vegetable 
Research and Development Center (AVRDC) from 1971 to 2008 
(Shanhua, Taiwan) 2070, 2133, 2326, 2330, 2420, 2435, 2446, 
2476, 2500, 2505, 2607

Azuki Bean. Vigna angularis (Willd.) Ohwi & H. Ohashi. Also 
called Adzuki, Aduki, Adsuki, Adzinki, Red Bean, Chinese Red 
Bean, Red Mung Bean, Small Red Bean. Japanese–Kintoki, 
Komame, Shôzu. Chinese–Xiaodou, Chixiaodou, Hsiao Tou [Small 
Bean], Ch’ih Hsiao Tou [Red Small Bean]. Former scientifi c names: 
Phaseolus radiatus (L.), Dolichos angularis (Willd.), Phaseolus 
angularis (Willd.) Wight, or Azukia angularis (Willd.) Ohwi 49, 51, 
52, 59, 60, 63, 68, 246, 261, 303, 310, 350, 393, 417, 692, 739, 952, 
1364, 1453, 2619

Bacon or bacon bits, meatless. See Meat Alternatives–Meatless 
Bacon, Ham, Chorizo and Other Pork-related Products

Bacteria in intestines–benefi cial. See Intestinal Flora / Bacteria

Bambarra groundnuts (Voandzeia subterranea). Also spelled 
Bambara 474, 928, 1106, 1364, 1384, 1398, 1492, 2671
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Barges used to transport soybeans. See Transportation of Soybeans 
or Soy Products to Market by Water Using Barges, Junks, etc

Battle Creek Food Co. See Kellogg, John Harvey (M.D.)

Bean curd. See Tofu

Bean curd skin. See Yuba

Bean curd sticks, dried. See Yuba–Dried Yuba Sticks

Bean paste. See Miso

Beef alternatives. See Meat Alternatives–Beef Alternatives, 
Including Beef Jerky, etc. See also Meatless Burgers

Bees, Honeybees (Apis mellifera), and Apiculture–Making Honey 
from Nectar in Soybean Flowers and Pollinating the Flowers 393, 
394, 740

Benni, Benne, Benniseed. See Sesame Seed

Benzene / Benzine / Benzol solvents for extraction. See Solvents

Berczeller, Laszlo (1890-1955) 833, 834, 853, 857, 936, 947, 1117, 
1152, 1160

Bibliographies and / or Reviews of the Literature (Contains More 
Than 50 References or Citations) 17, 165, 185, 339, 505, 532, 568, 
605, 692, 853, 921, 1000, 1041, 1043, 1172, 1340, 1351, 1365, 
1367, 1384, 1457, 1466, 1477, 1485, 1493, 1518, 1521, 1539, 1541, 
1661, 1669, 1684, 1688, 1725, 1733, 1762, 1769, 1772, 1805, 1806, 
1807, 1811, 1816, 1817, 1890, 1926, 1929, 1936, 1963, 2001, 2005, 
2061, 2064, 2079, 2108, 2123, 2134, 2139, 2147, 2149, 2150, 2164, 
2184, 2196, 2211, 2227, 2234, 2237, 2239, 2247, 2254, 2325, 2347, 
2348, 2366, 2424, 2432, 2435, 2441, 2445, 2460, 2476, 2486, 2487, 
2489, 2496, 2507, 2549, 2557, 2558, 2563, 2592, 2605, 2611, 2687, 
2732, 2733, 2747, 2762, 2769, 2794, 2817, 2869, 2870, 2928

Biloxi soybean variety. See Soybean Varieties USA–Biloxi

Binder for Sand Foundry Cores / Core Oil–Industrial Uses of Soy 
Oil as a Drying Oil 980, 1066, 1367, 1615

Biodynamic / Bio-Dynamic Farming and Gardening (General). 
Closely Allied with the Natural Foods Movement 2631

Biographies, Biographical Sketches, and Autobiographies–See also: 
Obituaries 501, 860, 1074, 1205, 1420, 1679, 2284, 2507, 2663, 
2799

Biological control. See Integrated Pest Management (IPM)

Biotechnology applied to soybeans. See Genetic Engineering, 
Transgenics, Transgenic Plants and Biotechnology / Biotech

Black Gram or Urd. Vigna mungo. Formerly Phaseolus mungo 393

Black soybeans. See Soybean Seeds–Black, Soybean Seeds–Black 

in Color

Black-eyed pea. See Cowpea–Vigna unguiculata

Blaw-Knox Co. (Pittsburgh, Pennsylvania). Maker of Soybean 
Crushing Equipment, Especially the Rotocel 1474

Blender, Electric (Kitchen Appliance)–Including Liquefi er, 
Liquidizer, Liquifi er, Osterizer, Waring Blender, Waring Blendor, 
Waring Mixer, Whiz-Mix, Vitamix–Early Records Only 1290

Boone Valley Cooperative Processing Association (Eagle Grove, 
Iowa) 1277

Botany–Soybean 123, 131, 199, 318, 339, 393, 394, 508, 608, 688, 
692, 737, 738, 739, 740, 853, 1000, 1001, 1004, 1041, 1043, 1067, 
1078, 1172, 1173, 1205, 1268, 1275, 1291, 1321, 1366, 1521, 1669, 
2064, 2139, 2184, 2325, 2348, 2572

Bowen, Samuel (1732-1777)–He Introduced the Soybean to North 
America in 1765. See also: (1) His Ancestors and Descendants. (2) 
James Flint 2941

Boyer, Robert. See Ford, Henry

Bran, soy. See Fiber, Soy

Brassica napus. See Rapeseed

Brassica napus (L.) var. napus. See Canola

Brazil. See Latin America, South America–Brazil

Breeding of soybeans. See Genetic Engineering, Transgenics, 
Transgenic Plants and Biotechnology / Biotech, Irradiation 
of Soybeans for Breeding and Variety Development, Variety 
Development and Breeding

Breeding of Soybeans and Classical Genetics 570, 656, 657, 692, 
773, 786, 848, 886, 988, 1000, 1172, 1268, 1351, 1366, 1390, 1493, 
1521, 1532, 1533, 1633, 1651, 1669, 1673, 1684, 1769, 1805, 1806, 
1885, 1911, 1973, 2001, 2171, 2196, 2265, 2327, 2335, 2342, 2348, 
2357, 2373, 2379, 2400, 2421, 2425, 2427, 2441, 2453, 2454, 2457, 
2468, 2475, 2485, 2488, 2489, 2505, 2508, 2557, 2560, 2586, 2733, 
2899, 2900

Breeding soybeans for food uses. See Soybean Production–Variety 
Development, Breeding, Selection, Evaluation, Growing, or 
Handling of Soybeans for Food Uses

Briggs, George M. (1884-1970, Univ. of Wisconsin) 590, 595, 613, 
621, 632, 654, 706, 727, 756, 764, 765, 766, 768, 790, 835, 2180

British Columbia. See Canadian Provinces and Territories–British 
Columbia

Broad Bean. Vicia faba L., formerly Faba vulgaris, Mönch. Also 
called Faba Bean, Fava Bean, Horse Bean. Chinese–Candou 
(“silkworm bean”). Japanese–Soramame. German–Ackerbohne, 
Saubohne or Buschbohne. French–Grosse Fève, Fève de Marais, 
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Féverole, Faverole, Gourgane 7, 8, 15, 17, 20, 21, 33, 92, 133, 181, 
212, 393, 2247, 2324, 2380, 2619

Brown soybeans. See Soybean Seeds–Brown

Building materials. See Adhesives or Glues for Plywood, Other 
Woods, Wallpaper, or Building Materials

Bureau of Crop Estimates (USDA). See United States Department 
of Agriculture (USDA)–Statistical Reporting Service (SRS)

Burgers, meatless. See Meat Alternatives–Meatless Burgers and 
Patties

Burlison, William Leonidas (1882-1958, Univ. of Illinois) 491, 551, 
552, 613, 764, 786, 811, 812, 1067, 1084, 1258, 1277, 1349, 2180, 
2263, 2284, 2373

Burma. See Asia, Southeast–Myanmar

Butter-beans. See Lima Bean

Cacoja (France). See Sojinal / Biosoja

Cajanus cajan. See Pigeon Pea, Pigeonpea or Red Gram

Cake or meal, soybean. See Soybean Meal

Calcium Availability, Absorption, and Content of Soybeans, and 
Soybean Foods and Feeds 43, 185

Calf, Lamb, or Pig Milk Replacer
 Replacers 629, 656, 657

California. See United States–States–California

Canada 96, 122, 174, 181, 185, 186, 207, 211, 217, 222, 257, 264, 
290, 292, 317, 356, 393, 394, 410, 450, 524, 528, 627, 635, 656, 
662, 683, 692, 712, 740, 754, 767, 790, 823, 867, 873, 874, 894, 
910, 913, 936, 950, 960, 979, 1000, 1003, 1014, 1037, 1038, 1083, 
1086, 1099, 1100, 1109, 1119, 1157, 1164, 1172, 1273, 1290, 1299, 
1300, 1305, 1314, 1321, 1334, 1355, 1391, 1426, 1474, 1518, 1539, 
1683, 1732, 1757, 1767, 1837, 1889, 1944, 1951, 1962, 1998, 2002, 
2004, 2007, 2025, 2078, 2084, 2099, 2117, 2138, 2149, 2150, 2153, 
2166, 2167, 2174, 2185, 2192, 2201, 2208, 2216, 2217, 2244, 2263, 
2289, 2299, 2307, 2308, 2332, 2355, 2357, 2385, 2399, 2435, 2439, 
2475, 2476, 2532, 2537, 2543, 2552, 2577, 2605, 2617, 2630, 2632, 
2659, 2677, 2684, 2714, 2785, 2790, 2833, 2861, 2918

Canada. See Ontario Soybean Growers (Marketing Board)

Canada–Introduction of Soybeans to. Earliest document seen 
concerning soybeans in Canada or a certain Canadian province 122, 
950

Canada–Introduction of Soybeans to. Earliest document seen 
concerning soybeans or soyfoods in connection with (but not yet in) 
Canada or a certain Canadian province 96

Canada–Introduction of Soybeans to. Earliest document seen 

concerning the cultivation of soybeans in Canada or a certain 
Canadian province 122, 950

Canada–Introduction of Soybeans to. This document contains the 
earliest date seen for soybeans in Canada or a certain Canadian 
province 122, 950, 1037

Canada–Introduction of Soybeans to. This document contains the 
earliest date seen for the cultivation of soybeans in Canada or a 
certain Canadian province 122, 950, 1037

Canada soy pioneers. See Zavitz, Charles Ambrose (1863-1942)

Canada–Soybean crushers, early. See Soybean Crushers (Canada), 
Early (Before 1941)

Canada–Soybean Production, Area and Stocks–Statistics, Trends, 
and Analyses 683, 790, 867, 950, 1474, 1518, 2357, 2439, 2577, 
2659, 2790, 2861

Canadian Provinces and Territories–Alberta 950, 1334, 2299, 2355

Canadian Provinces and Territories–British Columbia 122, 317, 
950, 1100, 1334

Canadian Provinces and Territories–Manitoba 950, 979, 1003, 
1037, 1038, 1086, 1100, 1109, 1334, 1767, 2192, 2659, 2861

Canadian Provinces and Territories–New Brunswick 950, 1037

Canadian Provinces and Territories–Newfoundland (Including 
Labrador) 2084, 2208, 2216

Canadian Provinces and Territories–Nova Scotia 950, 1038, 1100

Canadian Provinces and Territories–Ontario 174, 186, 207, 211, 
222, 257, 264, 393, 394, 528, 662, 683, 740, 790, 867, 910, 950, 
979, 1086, 1100, 1109, 1157, 1299, 1300, 1314, 1334, 1355, 1391, 
1732, 1757, 1767, 1951, 2025, 2078, 2138, 2149, 2185, 2192, 2201, 
2244, 2263, 2289, 2299, 2308, 2332, 2357, 2385, 2435, 2439, 2475, 
2552, 2605, 2617, 2632, 2659, 2677, 2714, 2785, 2790, 2833, 2861

Canadian Provinces and Territories–Prince Edward Island 950, 
2216

Canadian Provinces and Territories–Québec (Quebec) 96, 211, 292, 
410, 450, 524, 950, 1100, 1109, 1334, 2166, 2216, 2577, 2790

Canadian Provinces and Territories–Saskatchewan 627, 635, 913

Canadian soybean varieties. See Soybean Varieties Canada

CanAmera Foods (Plant at Hamilton, Ontario, Canada). Includes 
Maple Leaf Foods. Named Central Soya of Canada Ltd. until March 
1992. Named Canadian Vegetable Oil Products (CVOP; Div. of 
Canada Packers, Hamilton, Ontario) Before the mid-1980s. Named 
Canadian Vegetable Oil Processing Before 1984 2357

Canavalia ensiformis. See Jack Bean (Canavalia ensiformis)
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Canavalia gladiata. See Sword Bean

Cancer, breast, prevention and diet. See Diet and Breast Cancer 
Prevention

Candles, Crayons, and Soybean Wax–Industrial Uses of Soy Oil as 
an Hydrogenated Oil 318, 339, 1200, 1615, 1813

Cannabis sativa. See Hemp

Canola (Brassica napus (L.) var. napus)–An Improved Variety of 
the Rape Plant or Rapeseed Having Seeds with Little or No Erucic 
Acid 2659

Carbohydrates–Dietary Fiber (Including Complex Carbohydrates, 
Bran, Water-Soluble and Water-Insoluble Fiber) 59, 68, 78, 297, 
904, 2605

Carbohydrates (General). See also: Starch, Dietary Fiber, and 
Oligosaccharides (Complex Sugars) 78, 147, 152, 258, 300, 692, 
789, 921, 1420

Cargill, Inc. (Minneapolis, Minneapolis) 1232, 1474, 1513, 2794

Caribbean. See Latin America–Caribbean

Cartoons or Cartoon Characters 1043, 1272, 1278, 1295

Catsup or Catchup. See Ketchup, Catsup, Catchup, Ketchop, 
Ketchap, Katchup, etc. Word Mentioned in Document

Cattle, Bullocks, Bulls, Steers, or Cows for Beef / Meat or 
Unspecifi ed Uses Fed Soybeans, Soybean Forage, or Soybean Cake 
or Meal as Feed 103, 344, 503, 560, 865, 870, 1618

Central America. See Latin America–Central America

Central Soya Co. (Fort Wayne, Indiana). Maker of Master Mix 
Feeds. Acquired in Oct. 1987 by the Ferruzzi Group in Ravenna, 
Italy. In 1991 became part of CSY Agri-Processing, Inc. [a holding 
company], operating as a member of the Eridania / Beghin-Say 
agro-industrial group, within Ferruzzi-Montedison. Acquired in 
Oct. 2002 by Bunge 1298, 1302, 1474, 2284, 2605, 3002

Centro Nacional de Pesquisa de Soja (National Soybean Research 
Center, CNPS or CNPSo). See Empresa Brasiliera

Certifi cation of soybean seeds. See Seed Certifi cation (Soybeans)

Ceylon. See Asia, South–Sri Lanka

Checkoff programs (state and national). See American Soybean 
Association (ASA)–Checkoff Programs

Cheese. See Soy Cheese or Cheese Alternatives

Chemical / Nutritional Composition or Analysis of Seeds, Plants, 
Foods, Feeds, Nutritional Components 26, 27, 29, 33, 34, 45, 48, 
49, 59, 60, 61, 62, 69, 78, 82, 93, 98, 103, 115, 120, 138, 146, 147, 
152, 181, 190, 192, 212, 218, 226, 238, 244, 256, 257, 258, 259, 

275, 283, 306, 314, 317, 318, 339, 344, 369, 410, 425, 440, 447, 
449, 450, 454, 457, 484, 489, 532, 568, 574, 577, 582, 608, 612, 
620, 656, 657, 659, 692, 697, 712, 716, 812, 910, 915, 917, 934, 
936, 945, 947, 948, 961, 1086, 1142, 1172, 1203, 1291, 1304, 1420, 
1578, 1710, 1772, 1921, 2147, 2808

Chemistry and Soils, Bureau. See United States Department 
of Agriculture (USDA)–Bureau of Agricultural and Industrial 
Chemistry

Chemurgy, the Farm Chemurgic Movement, and the Farm 
Chemurgic Council (USA, 1930s to 1950s, Including Wheeler 
McMillen, William J. Hale, and Francis P. Garvan) 987, 1030, 1143, 
1144, 1145, 1146, 1155, 1235, 1241, 1290

Chiang, soybean (from China). See Jiang–Chinese-Style Fermented 
Soybean Paste

Chicago Board of Trade (CBOT, organized in April 1848) 987, 
1047

Chicago Heights Oil Co. (Chicago Heights, Illinois; Started by I.C. 
Bradley and George Brett) 679, 741

Chickens (esp. Layers & Broilers) Fed Soybeans, Soybean Forage, 
or Soybean Cake or Meal as Feed 181, 399, 586, 626, 887, 982, 
1031, 2588, 2794

Chickpea / Chickpeas / Chick-Peas, Garbanzo / Garbanza Beans. 
Cicer arietinum L. Including Hummus / Hummous 203, 393, 1132, 
2194, 2247

Chico-San Inc. (Chico, California). Maker and Importer of 
Macrobiotic and Natural Foods. Founded in March 1962 2568

China. See Asia, East–China

Chinese Overseas, Especially Work with Soy (Including Chinese 
from Manchuria, Taiwan, Hong Kong, Singapore, etc.) 247, 307, 
339, 425, 505, 519, 540, 1152, 1172, 1338, 1367, 1420, 1661, 1929, 
2258

Chinese restaurants outside China, or Chinese recipes that use 
soy ingredients outside China. See Asia, East–China–Chinese 
Restaurants Outside China

Chinese Soybean Types and Varieties–Early, with Names 187, 250, 
431, 1172

Chocolate substitute made from roasted soybeans. See Soy 
Chocolate

Chronology / Timeline 2258

Chufa / Chufas (Cyperus esculentus). Also Called Earth Almond, 
Tiger Nuts/Tigernut, Nut Grass, Ground Almond, Hognut, Earth 
Nut, Rush Nut, Zulu Nut. French: Voandzou, Souchet. German: 
Erdmandel. Italian: Cipero comestible 118, 200, 341, 393

Cicer arietinum. See Chickpeas or Garbanzo Beans
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Civil War in USA (1861-1865) 837, 860, 898, 1627, 2803

Cleaning soybean seeds. See Seed Cleaning–Especially for Food or 
Seed Uses

Climate change. See Global Warming / Climate Change as 
Environmental Issues

Coconut Milk and Cream. Or Coconuts Used to Flavor Soymilk, 
Rice Milk, etc.. 2164

Coffee, soy. See Soy Coffee

Coix lachryma-jobi. See Job’s Tears

Coker Pedigreed Seed Co. (Hartsville, South Carolina) 1099, 1911

Cold tolerance / hardiness in soybeans. See Soybean–Physiology–
Tolerance to Cold

Color of soybean seeds. See Seed Color (Soybeans)–Specifi c 
Varieties), Soybean Seeds (of different colors)

Combines. Also called the Combined Harvester-Thresher in the 
1920s and 1930s (Combine) 520, 564, 603, 646, 675, 776, 786, 790, 
806, 811, 812, 822, 827, 838, 839, 840, 842, 855, 877, 882, 887, 
933, 939, 955, 975, 980, 981, 993, 1277, 1300, 1365, 1397, 1458, 
1461, 1539, 1679, 1787, 2209, 2284, 2357

Combines or Combined Harvester-Thresher–Etymology of This 
Term and its Cognates 786

Commercial natto. See Natto Production–How to Make Natto on a 
Commercial Scale

Commercial Soy Products–New Products, Mostly Foods 2617

Commercial tempeh. See Tempeh Production–How to Make 
Tempeh on a Commercial Scale

Comoros. See Africa–Comoros, Federal Islamic Republic of the. 
Isles Comores. Comoro Islands

Component / value-based pricing of soybeans. See Seed Quality

Composition of soybeans, soyfoods, or feeds. See Chemical / 
Nutritional Composition or Analysis

Concentrated soymilk. See Soymilk, Concentrated or Condensed 
(Canned, Bottled, or Bulk)

Condensed soymilk. See Soymilk, Concentrated or Condensed 
(Canned, Bottled, or Bulk)

Congee or gruel made from whole soybeans. See Whole Dry 
Soybeans Cooked with Plenty of Water for a Long Time to Make 
Soybean Congee or Gruel

Conservation of soils. See Soil Science–Soil Conservation or Soil 

Erosion

ContiGroup Companies, Inc. Named Continental Grain Co. until 
1999 (New York, New York) 1513, 2109, 2714

Continental Grain Co. See ContiGroup Companies, Inc.

Cookery, Cookbooks, Cooking Videos, and Recipes–Mostly Using 
Soy, Mostly Vegetarian. See also: the Subcategories–Vegetarian 
Cookbooks, Vegan Cookbooks 63, 407, 489, 650, 656, 657, 692, 
853, 1001, 1041, 1042, 1043, 1199, 1290, 1319, 1420, 1813, 1933, 
1937, 2023, 2138, 2140, 2164, 2420, 2439, 2518, 2550, 3002

Cooperative Enterprises, Ventures, Research, or Experiments, and 
Cooperatives / Co-ops, Worldwide. See also: Soybean Crushers 
(USA)–Cooperative Crushers 282, 332, 415, 469, 486, 542, 694, 
715, 729, 766, 847, 910, 1084, 1085, 1462, 1487, 1532, 1533, 1630, 
2204, 2285, 2350, 2373, 2413, 2417, 2472, 2503, 2567

Cooperative soybean crushers. See Soybean Crushers (USA), 
Cooperative

Corn / Maize (Zea mays L. subsp. mays)–Including Corn Oil, Corn 
Germ Oil, Meal, Starch, and Gluten 26, 27, 33, 48, 49, 56, 62, 63, 
68, 69, 71, 78, 90, 93, 98, 103, 115, 118, 135, 137, 138, 152, 164, 
168, 174, 179, 182, 194, 197, 202, 206, 210, 214, 217, 224, 225, 
233, 236, 257, 287, 290, 291, 320, 322, 325, 326, 327, 332, 341, 
354, 359, 379, 383, 385, 386, 388, 393, 402, 405, 406, 407, 410, 
411, 416, 425, 435, 436, 442, 445, 446, 453, 454, 456, 459, 460, 
466, 467, 473, 475, 481, 482, 484, 485, 486, 487, 489, 490, 492, 
495, 496, 499, 500, 503, 504, 509, 511, 513, 515, 520, 525, 530, 
536, 538, 544, 546, 550, 551, 553, 555, 556, 559, 560, 562, 563, 
565, 566, 570, 573, 575, 576, 578, 583, 584, 585, 586, 590, 592, 
593, 594, 596, 598, 599, 600, 601, 602, 606, 610, 611, 613, 614, 
618, 621, 625, 632, 633, 634, 635, 637, 645, 646, 654, 655, 660, 
661, 663, 665, 667, 668, 669, 672, 674, 677, 679, 682, 683, 691, 
693, 696, 700, 702, 706, 708, 715, 718, 725, 727, 728, 729, 737, 
738, 739, 742, 747, 751, 754, 756, 762, 766, 769, 774, 776, 790, 
796, 797, 799, 806, 811, 812, 822, 824, 826, 835, 838, 839, 840, 
855, 860, 882, 887, 905, 919, 935, 955, 975, 981, 1006, 1008, 1044, 
1047, 1085, 1097, 1115, 1188, 1204, 1240, 1267, 1290, 1349, 1350, 
1497, 1510, 1546, 1571, 1694, 1783, 1822, 1865, 1870, 1875, 1911, 
2112, 2138, 2197, 2200, 2261, 2263, 2285, 2315, 2388, 2530, 2538, 
2608, 2668, 2790, 2852

Cornell University (Ithaca, New York), and New York State 
Agric. Experiment Station (Geneva, NY)–Soyfoods Research & 
Development 1262, 1420, 2180, 2200, 2320, 2402, 2588, 2609

Cotton Cloth, Fabric, Textile, Yarn, Fibers or Raw Cotton in Bales, 
All from the Boll of the Cotton Plant (Gossypium sp. L.) 179, 181, 
215, 316, 2276

Cotton Plant and Crop (Gossypium sp. L.). See also Cottonseed Oil, 
Cake, and Meal 291, 306, 338, 341, 445, 486, 608, 712, 933, 1663

Cottonseed and Cotton (Gossypium sp. L.). See also Cottonseed 
Oil, Cake, and Meal 71, 105

Cottonseed Flour. Previously Spelled Cotton-Seed Flour 608
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Cottonseed Meal and Cake (Defatted). Previously Spelled Cotton-
Seed Cake 27, 49, 56, 62, 68, 82, 93, 96, 115, 116, 147, 152, 217, 
244, 251, 257, 283, 300, 316, 343, 354, 369, 373, 407, 410, 426, 
435, 440, 443, 445, 450, 456, 466, 520, 535, 555, 582, 602, 641, 
647, 685, 697, 729, 765, 773, 826, 933, 955, 982, 1085, 1097, 1115, 
2357

Cottonseed Oil. Previously Spelled Cotton-Seed Oil or Cotton Oil 
295, 300, 316, 425, 452, 456, 554, 675, 697, 824, 867, 933, 1340, 
1474

Cottonseeds / Cotton Seeds–Etymology of These Terms and Their 
Cognates/Relatives in English 27, 300

Cottonseeds / Cottonseed. Previously Spelled Cotton Seeds / Seed 
299, 380, 1047

Cover Crop, Use of Soybeans as. See also: Intercropping 210, 214, 
235, 250, 262, 369, 382, 441, 473, 481, 517, 782, 783, 854, 885, 
1157, 2070

Cowpea / Cowpeas / Black-Eyed Peas–Etymology of These Terms 
and Their Cognates / Relatives in Various Languages 68, 210

Cowpea or Black-Eyed Pea. Vigna unguiculata (L.) Walp. Formerly 
spelled Cow Pea. Also called Blackeye Pea, Cowpeas, Pea Bean, 
Yardlong Cowpea. Chinese: Jiangdou. Previous scientifi c names: 
Vigna sinensis (L.) (1890s-1970s), Vigna catjang (1898-1920), 
Vigna Katiang (1889) 27, 48, 60, 63, 67, 68, 90, 94, 98, 104, 105, 
131, 133, 134, 135, 139, 140, 145, 146, 147, 153, 154, 159, 160, 
173, 175, 176, 181, 190, 192, 195, 202, 206, 208, 210, 212, 213, 
214, 218, 222, 225, 233, 234, 235, 236, 239, 240, 244, 245, 253, 
257, 261, 262, 264, 279, 283, 286, 291, 293, 297, 304, 306, 307, 
310, 312, 320, 327, 328, 329, 330, 332, 336, 338, 339, 341, 355, 
359, 370, 374, 379, 382, 384, 385, 387, 389, 392, 393, 400, 401, 
403, 406, 414, 415, 417, 419, 426, 435, 437, 441, 442, 446, 452, 
458, 460, 462, 466, 467, 470, 471, 473, 478, 481, 484, 485, 491, 
493, 501, 503, 519, 520, 530, 535, 544, 545, 551, 552, 555, 556, 
561, 562, 565, 571, 572, 592, 608, 612, 614, 618, 627, 643, 646, 
655, 665, 686, 688, 690, 692, 693, 697, 702, 703, 704, 707, 708, 
710, 719, 725, 731, 737, 738, 739, 743, 747, 774, 781, 797, 803, 
804, 806, 807, 812, 823, 826, 855, 869, 882, 915, 941, 959, 963, 
967, 968, 988, 1045, 1085, 1109, 1203, 1277, 1341, 1350, 1408, 
1414, 1428, 1441, 1570, 1830, 1942, 1959, 2051, 2070, 2138, 2161, 
2194, 2222, 2251, 2260, 2271, 2283, 2300, 2301, 2343, 2357, 2369, 
2415, 2427, 2444, 2446, 2507, 2684, 2715, 2726, 2756, 2782, 2816

Cows / Cattle for Dairy Milk and Butter Fed Soybeans, Soybean 
Forage, or Soybean Cake or Meal as Feed 33, 62, 68, 69, 78, 93, 
112, 115, 118, 123, 133, 137, 138, 152, 169, 174, 182, 205, 217, 
220, 225, 248, 257, 283, 285, 287, 354, 380, 388, 435, 460, 467, 
482, 490, 496, 538, 548, 586, 608, 670, 674, 692, 702, 707, 772, 
773, 775, 931, 940, 1000

Crayons. See Candles, Crayons, and Soybean Wax

Crop Rotation Using Soybean Plants for Soil Improvement 79, 124, 
164, 181, 233, 273, 282, 316, 326, 332, 370, 379, 384, 385, 386, 
387, 415, 417, 425, 442, 456, 460, 466, 473, 476, 482, 492, 501, 

594, 602, 608, 610, 612, 633, 646, 654, 663, 677, 685, 691, 701, 
707, 715, 718, 725, 729, 742, 790, 795, 835, 838, 851, 910, 968, 
973, 975, 988, 1047, 1109, 1127, 1173, 1190, 1290, 1300, 1304, 
1320, 1346, 1380, 1382, 1384, 1462, 1475, 1518, 1521, 1539, 1566, 
1570, 1590, 1630, 1640, 1669, 1694, 1721, 1767, 1865, 2112, 2192, 
2244, 2285, 2308, 2335, 2417, 2475, 2567, 2596, 2637

Cropping Systems: Intercropping, Interplanting, Mixed Cropping 
or Mixed Planting (Often Planted in Alternating Rows with Some 
Other Crop) 181, 182, 197, 258, 259, 262, 287, 307, 316, 339, 344, 
416, 417, 467, 473, 474, 487, 495, 496, 504, 520, 536, 543, 544, 
546, 555, 570, 575, 590, 599, 608, 613, 668, 688, 696, 712, 725, 
728, 742, 773, 797, 811, 812, 823, 842, 882, 935, 960, 967, 975, 
981, 1008, 1071, 1132, 1172, 1175, 1272, 1295, 1346, 1365, 1517, 
1882, 1925, 2064, 2124, 2325, 2335, 2388, 2396, 2411, 2466, 2467, 
2472, 2473, 2476, 2494, 2522, 2549, 2567, 2583, 2637, 2668, 2750, 
2949, 2990

Crown Iron Works Co. (Minneapolis, Minnesota). Maker of 
Soybean Processing Equipment. Acquired by CPM (Formerly 
California Pellet Mill, Waterloo, Iowa) on 16 Aug. 2007 1474

Crushing, soybean–equipment manufacturers. See Anderson 
International Corp., Blaw-Knox Co. and Rotocel, Crown Iron 
Works Co., French Oil Mill Machinery Co.

Crushing statistics for soybeans, and soy oil and meal production 
and consumption. See individual geographic regions (such as Asia, 
Europe, Latin America, United States, World, etc.) and nations 
within each region

CSY Agri-Processing, Inc. See Central Soya Co. (Fort Wayne, 
Indiana)

Cultural Practices, Cultivation & Agronomy (Including Crop 
Management, Erosion, Planting, Seedbed Preparation, Water 
Management / Irrigation) 59, 63, 70, 74, 78, 93, 98, 103, 115, 123, 
124, 135, 137, 141, 147, 152, 156, 174, 177, 181, 182, 197, 202, 
210, 217, 220, 227, 233, 257, 258, 271, 275, 278, 279, 280, 281, 
285, 287, 288, 295, 297, 302, 305, 306, 307, 312, 314, 316, 317, 
318, 326, 327, 330, 331, 332, 335, 336, 338, 339, 342, 344, 347, 
348, 354, 359, 369, 376, 385, 386, 388, 393, 394, 402, 405, 406, 
407, 410, 413, 415, 416, 417, 426, 436, 437, 438, 442, 443, 444, 
445, 447, 450, 452, 454, 456, 457, 459, 460, 461, 466, 473, 478, 
480, 481, 482, 484, 485, 486, 487, 489, 490, 491, 492, 494, 495, 
497, 498, 499, 506, 507, 510, 517, 518, 519, 521, 523, 525, 530, 
535, 538, 541, 544, 546, 548, 550, 552, 553, 555, 556, 559, 560, 
561, 563, 564, 566, 569, 570, 571, 573, 576, 577, 579, 580, 583, 
586, 590, 591, 592, 593, 594, 595, 596, 597, 599, 602, 603, 606, 
607, 611, 613, 615, 622, 626, 632, 634, 635, 636, 642, 643, 645, 
646, 647, 649, 655, 660, 663, 665, 670, 672, 676, 677, 682, 685, 
688, 689, 691, 692, 696, 699, 700, 701, 702, 705, 706, 707, 709, 
711, 717, 718, 721, 724, 725, 727, 728, 730, 737, 738, 739, 740, 
758, 762, 764, 770, 772, 773, 775, 776, 784, 786, 796, 797, 799, 
802, 803, 805, 806, 807, 822, 826, 827, 831, 833, 834, 835, 838, 
842, 851, 855, 864, 866, 868, 882, 887, 896, 905, 907, 908, 910, 
911, 913, 915, 922, 924, 926, 930, 931, 933, 935, 936, 939, 941, 
942, 943, 947, 950, 955, 957, 960, 967, 970, 972, 973, 976, 978, 
979, 980, 981, 985, 990, 991, 994, 1000, 1001, 1006, 1007, 1009, 
1012, 1018, 1024, 1035, 1041, 1042, 1043, 1055, 1065, 1071, 1078, 
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1081, 1084, 1085, 1087, 1096, 1099, 1100, 1109, 1127, 1132, 1136, 
1142, 1143, 1144, 1149, 1150, 1154, 1155, 1161, 1162, 1168, 1172, 
1173, 1175, 1180, 1182, 1186, 1189, 1196, 1198, 1199, 1202, 1203, 
1207, 1223, 1234, 1248, 1259, 1266, 1268, 1270, 1272, 1273, 1275, 
1276, 1279, 1280, 1282, 1288, 1292, 1293, 1295, 1298, 1299, 1302, 
1305, 1307, 1312, 1316, 1320, 1321, 1322, 1326, 1327, 1332, 1333, 
1334, 1336, 1350, 1351, 1355, 1357, 1361, 1365, 1380, 1385, 1391, 
1397, 1407, 1417, 1421, 1423, 1426, 1431, 1439, 1442, 1454, 1456, 
1457, 1458, 1461, 1462, 1464, 1466, 1472, 1475, 1480, 1493, 1495, 
1500, 1517, 1518, 1521, 1539, 1566, 1570, 1585, 1592, 1597, 1611, 
1619, 1622, 1627, 1630, 1632, 1633, 1634, 1642, 1651, 1654, 1660, 
1664, 1669, 1671, 1674, 1676, 1696, 1697, 1698, 1707, 1717, 1732, 
1740, 1752, 1758, 1767, 1773, 1783, 1786, 1796, 1806, 1808, 1811, 
1813, 1818, 1829, 1830, 1865, 1876, 1882, 1898, 1899, 1925, 1942, 
1969, 1972, 1998, 2005, 2010, 2011, 2023, 2064, 2076, 2092, 2112, 
2127, 2134, 2139, 2140, 2149, 2150, 2180, 2184, 2192, 2196, 2228, 
2244, 2247, 2264, 2270, 2275, 2293, 2308, 2325, 2327, 2330, 2332, 
2337, 2342, 2346, 2357, 2365, 2366, 2383, 2420, 2421, 2435, 2441, 
2466, 2467, 2472, 2473, 2475, 2476, 2479, 2480, 2501, 2513, 2518, 
2539, 2552, 2557, 2577, 2620, 2637, 2651, 2677, 2695, 2720, 2753, 
2769, 2799, 2923, 2967, 2973

Culture Media / Medium (for Growing Microorganisms)–Industrial 
Uses of Soybeans, as in Antibiotic / Antibiotics Industry 1633

Cultures of nitrogen fi xing bacteria for soybeans. See Nitrogen 
Fixing Cultures

Curds Made from Soymilk (Soft, Unpressed Tofu) as an End 
Product or Food Ingredient. In Japanese: Oboro. In Chinese: 
Daufu-fa, Doufu-hua, Doufu-hwa, Douhua, Toufu-hwa, Tow-foo-
fah (“Bean Curd Flowers”) or Doufu-nao, Fu-nao (“Bean Curd 
Brains”). In Filipino: Taho (Often Served as a Dessert with a Sugary 
Syrup) 296, 534, 692, 1041, 1329, 2295

Cyperus esculentus. See Chufa. Also Called Earth Almond, Tiger 
Nuts, etc.

Dairy alternatives (soy based). See Soy Cheese or Cheese 
Alternatives, Soy Pudding, Custard, Parfait, or Mousse, Soy Yogurt, 
Soymilk, Soymilk, Fermented, Soymilk, Fermented–Soy Kefi r, 
Tofu (Soy Cheese)

Dammann & Co. (San Giovanni a Teduccio {near Naples}, Italy) 
250, 271

Dawa-dawa. See Natto–Soybean Dawa-dawa

Daylength Neutrality. See Soybean–Physiology–Photoperiod 
Insensitivity

Death certifi cates. See Obituaries, Eulogies, Death Certifi cates, and 
Wills

Detergents or soaps made from soy oil. See Soaps or Detergents

Developing countries, soybean production in. See Tropical and 
Subtropical Countries, Soybean Production in (Mostly in

Developing nations. See Third World

Development, sustainable. See World Problems–Sustainable 
Development and Growth

Diabetes and Diabetic Diets 26, 29, 34, 45, 102, 163, 247, 259, 282, 
283, 285, 339, 407, 454, 474, 505, 508, 519, 530, 544, 574, 656, 
657, 679, 683, 696, 712, 853, 867, 910, 917, 936, 947, 960, 972, 
1001, 1014, 1031, 1041, 1043, 1109, 1172, 1199, 1203, 1290, 1291, 
1318, 1925

Dies, Edward Jerome (1891-1979) 1349

Diesel Fuel, SoyDiesel, Biodiesel, or Artifi cial Petroleum (Made 
from Methyl Esters of Soybean Oil) 1000, 1092, 1200, 2677, 2941, 
3002

Diet and Breast Cancer Prevention (Soy Is Usually Mentioned) 
2605

Directories–Soybean Processors (Including Soyfoods 
Manufacturers), Researchers, Conference Attendees, and Other 
Names and Addresses Related to Soyfoods, Vegetarianism, 
Macrobiotics, etc. See also Directories–Japanese American in USA 
1000, 1474, 1796, 2001, 2164, 2453, 2476, 2485

Diseases of Soybeans (Bacterial, Fungal, and Viral / Virus). See 
also: Nematode Disease Control 137, 233, 235, 238, 273, 393, 394, 
464, 501, 530, 590, 672, 692, 740, 766, 797, 803, 851, 871, 922, 
943, 972, 973, 981, 1000, 1001, 1041, 1043, 1074, 1078, 1099, 
1106, 1108, 1109, 1157, 1172, 1203, 1205, 1229, 1272, 1275, 1290, 
1295, 1299, 1304, 1312, 1320, 1321, 1329, 1350, 1351, 1365, 1369, 
1377, 1397, 1398, 1407, 1431, 1445, 1457, 1461, 1462, 1475, 1480, 
1514, 1517, 1519, 1521, 1524, 1539, 1569, 1609, 1615, 1618, 1619, 
1630, 1631, 1642, 1653, 1669, 1671, 1721, 1732, 1767, 1769, 1786, 
1805, 1806, 1811, 1813, 1865, 1880, 1890, 1891, 1946, 1959, 1967, 
1972, 1973, 1974, 1975, 1977, 1980, 2001, 2005, 2064, 2067, 2092, 
2142, 2149, 2150, 2162, 2184, 2192, 2196, 2197, 2227, 2228, 2247, 
2248, 2268, 2295, 2308, 2315, 2325, 2330, 2332, 2348, 2357, 2384, 
2399, 2400, 2420, 2441, 2453, 2457, 2468, 2476, 2485, 2489, 2490, 
2494, 2495, 2503, 2505, 2508, 2518, 2522, 2539, 2549, 2552, 2555, 
2557, 2560, 2572, 2586, 2620, 2632, 2637, 2641, 2736, 2747, 2790, 
2794, 2922, 3001, 3002

Diseases, pests, and other types of injury, plant protection from. See 
Plant Protection from Diseases, Pests and Other Types of Injury 
(General)

Diseases, plant protection from. See Soybean Rust

District of Columbia. See United States–States–District of 
Columbia

Documents with More Than 20 Keywords 26, 49, 59, 60, 63, 68, 
69, 82, 93, 103, 112, 128, 137, 138, 147, 152, 168, 181, 182, 185, 
187, 192, 199, 202, 210, 213, 217, 225, 230, 233, 236, 241, 245, 
246, 247, 250, 256, 257, 258, 259, 262, 264, 271, 275, 282, 283, 
285, 295, 296, 300, 305, 306, 307, 316, 317, 318, 321, 325, 326, 
327, 332, 335, 339, 341, 344, 359, 369, 377, 380, 384, 386, 388, 
393, 394, 405, 406, 407, 410, 415, 417, 421, 425, 426, 431, 435, 
437, 444, 447, 454, 455, 456, 463, 466, 467, 473, 474, 478, 481, 
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482, 484, 485, 486, 487, 489, 491, 495, 505, 515, 517, 519, 520, 
523, 530, 534, 535, 538, 544, 551, 555, 556, 574, 577, 578, 580, 
590, 592, 593, 594, 595, 602, 607, 608, 609, 612, 613, 625, 629, 
632, 635, 646, 654, 656, 657, 668, 672, 683, 685, 692, 694, 696, 
697, 699, 706, 707, 712, 714, 715, 725, 727, 737, 738, 739, 740, 
741, 747, 764, 765, 766, 767, 772, 774, 782, 783, 786, 790, 797, 
800, 811, 812, 823, 824, 826, 835, 842, 847, 853, 865, 870, 894, 
896, 908, 910, 913, 926, 933, 936, 947, 950, 955, 960, 972, 979, 
980, 988, 1000, 1001, 1003, 1004, 1008, 1014, 1041, 1042, 1043, 
1074, 1075, 1078, 1084, 1086, 1099, 1109, 1111, 1119, 1172, 1173, 
1199, 1203, 1234, 1240, 1248, 1270, 1272, 1280, 1288, 1290, 1291, 
1295, 1304, 1305, 1316, 1318, 1320, 1321, 1329, 1334, 1338, 1340, 
1350, 1365, 1367, 1373, 1384, 1420, 1474, 1510, 1518, 1521, 1539, 
1609, 1669, 1676, 1679, 1684, 1772, 1806, 1813, 1822, 1870, 1890, 
1891, 1911, 1925, 1937, 2001, 2010, 2116, 2124, 2138, 2147, 2164, 
2180, 2197, 2228, 2258, 2268, 2284, 2330, 2340, 2357, 2366, 2373, 
2411, 2435, 2439, 2441, 2446, 2476, 2502, 2503, 2549, 2557, 2588, 
2605, 2659, 2714, 2790, 2799, 2852

Dogs, Cats, and Other Pets / Companion Animals Fed Soybeans, 
Soybean Forage, or Soybean Cake or Meal as Feed / Pet Food / 
Petfood 2140

Domestic Science / Home Economics Movement in the United 
States 486

Domestication of the soybean. See Origin, Domestication, and 
Dissemination of the Soybean (General)

Dorsett, Palemon Howard (1862-1943, USDA) 889, 1074, 1075, 
1338, 1911, 2258

Dorsett-Morse Expedition to East Asia (Feb. 1929 to Feb. 1931) 
889, 1075, 1234, 1911, 2258

Douchi or doushi or dow see or dowsi. See Fermented Black 
Soybeans

Drackett Co. (The) (Cincinnati and Sharonville [or Evendale], 
Ohio) 1367

Dried yuba sticks. See Yuba–Dried Yuba Sticks

Dried-frozen tofu. See Tofu, Frozen, Dried-frozen, or Dried Whole

Drying of soybeans. See Storage of Seeds

DuPont (E.I. Du Pont de Nemours & Co., Inc.) and DuPont 
Agricultural Enterprise / Products (Wilmington, Delaware). 
Formerly spelled Du Pont 1638, 1742, 2234

Dust Suppressants and Dust Control–Industrial Uses of Soy Oil as a 
Non-Drying Oil 2210

Earliest articles on soy in major magazines and newspapers. See 
Media–Earliest Articles on Soy

Earliest document seen... See Historical–Earliest Document Seen

Ecology (“The Mother of All the Sciences”) and Ecosystems 823, 

1304, 1384, 1424, 1494, 1669, 1698, 1783, 1817, 1822, 1880, 1960, 
2023, 2053, 2061, 2201, 2214, 2237, 2316, 2348, 2411, 2441, 2508, 
2549, 2557, 2762, 2809, 2832, 2846

Economics of soybean production and hedging. See Marketing 
Soybeans

Edamamé. See Green Vegetable Soybeans, Green Vegetable 
Soybeans–Edamamé

Edelsoja Whole (Full-Fat) Soy fl our 1160

Edible or food-grade soybeans. See Green Vegetable Soybeans–
Vegetable-Type, Garden-Type, or Edible Soybeans

Edmondson, J.B. “Ben” (1846-1929). Soybean Pioneer in Indiana, 
and in Hendricks County, Indiana 718, 766, 827, 838

Effi ciency of animals in converting feeds into human foods. See 
Feeds–Effi ciency

Effi ciency of plants vs. animals in producing food. See 
Vegetarianism–Effi ciency of Plants... in Producing Food

Egypt. See Africa–Egypt

Elizabeth City Oil and Fertilizer Co. (Elizabeth City, North 
Carolina; 1915) 1349

Embargoes, tariffs, duties. See Trade Policies (International) 
Concerning Soybeans, Soy Products, or Soyfoods–Tariffs, Duties, 
Embargoes, Moratoriums

Empresa Brasileira de Pesquisa Agropecuaria (Brazilian Enterprise 
for Research on Management of Land for Animal Production; 
EMBRAPA) (Brazil). Established 26 April 1973. Includes Centro 
Nacional de Pesquisa de Soja (National Soybean Research Center; 
CNPS or CNPSo) 2237, 2348, 2687, 2688, 2802

Energy Consumption during Crop Production, Food Processing, 
etc.. 2200

Energy, renewable, from soybeans. See Diesel Fuel, SoyDiesel, 
Biodiesel, or Artifi cial Petroleum

England. See Europe, Western–United Kingdom

Entomology and Plant Quarantine. Bureau of. See United States 
Department of Agriculture (USDA)–Bureau Entomology and Plant 
Quarantine

Environmental issues, concerns, and protection. See Vegetarianism, 
the Environment, and Ecology, Water Use, Misuse, and Scarcity

Environmental Issues, Concerns, and Protection (General, Including 
Deep Ecology, Pollution of the Environment, Renewable Energy, 
etc.). See also Global Warming / Climate Change, and Water Use 
2852

Enzymes (General) 101
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Enzymes in Soybean Seeds–Other 26, 449, 692, 712, 927, 1078, 
1328, 1393, 1584, 1772, 1856, 1867, 1945, 2147, 2348, 2438

Enzymes in Soybean Seeds–Urease and Its Inactivation 428, 712, 
1016

Enzymes Produced During Fermentations Involving Koji or 
Aspergillus Oryzae (Including Enzymes in Miso and Fermented Soy 
Sauce) 294, 2197

Enzymes Produced During Fermentations Involving Tempeh, Natto, 
Fermented Tofu, or Fermented Black Soybeans 101, 294, 339

Equipment for making tofu. See Tofu Equipment

Equipment for soybean crushing–manufacturers. See Anderson 
International Corp., Blaw-Knox Co. and Rotocel, Crown Iron 
Works Co., French Oil Mill Machinery Co.

Erewhon (Boston, Massachusetts). Founded April 1966 by Aveline 
and Michio Kushi in Boston. Merged with U.S. Mills in 1986 2568

Erosion of soils. See Soil Science–Soil Conservation or Soil 
Erosion

Estrogens in plants. See Phytoestrogens

Ethanol (ethyl alcohol). See Solvents

Etymology. See the specifi c product concerned (e.g. soybeans, tofu, 
soybean meal, etc.)

Etymology of the Word “Soyfoods” and its Cognates / Relatives in 
Various Languages 425

Etymology of the Words “Soya,” “Soy,” and “Soybean” and their 
Cognates / Relatives in Various Languages 26, 27, 34, 49, 60, 63, 
93, 131, 147, 156, 190, 192, 250, 257, 275, 296, 320, 369, 385, 386, 
402, 407, 415, 456, 486, 498, 530, 609, 611, 621, 692, 797, 833, 
873, 874, 910, 936, 947, 973, 981, 1000, 1001, 1003, 1078, 1132, 
1203, 1275, 1290, 1336, 1366, 1475, 1510, 1529, 1684, 2476

Europe, Eastern–Albania (Republika e Shqipërisë / Shqiperia) 
1695, 2127, 2477

Europe, Eastern–Belarus (Formerly Byelorussian SSR, a Soviet 
Republic from 1922 to Dec. 1991). Named Belorussia, Byelorussia, 
or White Russia before 1991 1559

Europe, Eastern–Bosnia and Herzegovina (Declared Independence 
from Yugoslavia on 29 Feb. 1992) 480

Europe, Eastern–Bulgaria 698, 1004, 1111, 1117, 1119, 1140, 1160, 
1165, 1319, 1321, 1365, 1605, 1927, 1932, 1988, 2003, 2066, 2132, 
2366

Europe, Eastern–Croatia (Hrvatska; Declared Independence from 
Yugoslavia on 21 June 1991; Includes Istria or Istrian Peninsula 
and Rijeka (formerly Fiume)) 480, 712, 884, 895, 900, 1160, 1165, 

1177, 1352, 2588

Europe, Eastern–Czech Republic (Ceská Republika; Including 
Bohemia or Cechy, and Moravia or Morava. From 1918 until 1 
Jan. 1993, Western Part of Czechoslovakia, which also included 
Slovakia or Slovensko) 339, 480, 505, 921, 1465, 1573, 1574, 1724, 
1779, 2218, 2665

Europe, Eastern–Czechoslovakia (From 1918 until 1 Jan. 1993; 
then divided into The Czech Republic [formerly Bohemia and 
Moravia], and Slovakia [offi cially “The Slovak Republic”]) 883, 
901, 902, 921, 925, 1000, 1011, 1032, 1069, 1071, 1099, 1105, 
1119, 1172, 1173, 1321, 1365, 1465, 1573, 1574, 1724, 1735, 1779, 
1793, 1814, 1872, 2096

Europe, Eastern–Estonia (Formerly Estonian SSR, a Soviet 
Republic from Aug. 1940 to Aug. 1991; Also Spelled Esthonia) 
1105

Europe, Eastern–Hungary (Magyar Köztársaság) 82, 88, 89, 93, 95, 
300, 339, 480, 629, 692, 720, 771, 791, 797, 834, 853, 1000, 1035, 
1052, 1072, 1073, 1082, 1105, 1111, 1119, 1131, 1160, 1164, 1165, 
1168, 1173, 1177, 1201, 1202, 1319, 1321, 1322, 1365, 1521, 1956

Europe, Eastern–Introduction of Soybeans to. Earliest document 
seen concerning soybeans in a certain Eastern European country 
480, 914

Europe, Eastern–Introduction of Soybeans to. Earliest document 
seen concerning the cultivation of soybeans in a certain Eastern 
European country 480, 914

Europe, Eastern–Introduction of Soybeans to. This document 
contains the earliest date seen for soybeans in a certain Eastern 
European country 480

Europe, Eastern–Introduction of Soybeans to. This document 
contains the earliest date seen for the cultivation of soybeans in a 
certain Eastern European country 480

Europe, Eastern–Latvia (Formerly Latvian SSR, a Soviet Republic 
from Aug. 1940 to Aug. 1991) 1105

Europe, Eastern–Lithuania (Formerly Lithuanian SSR, a Soviet 
Republic from Aug. 1940 to Aug. 1991) 271, 712, 1105, 1164, 2135

Europe, Eastern–Macedonia (Formerly Yugoslav Republic 
of Macedonia. Offi cially Republika Makedonija. Declared 
Independence from Yugoslavia on 8 Sept. 1991) 1486

Europe, Eastern–Moldova (Moldavia until Aug. 1991; Formerly 
Moldavian SSR, a Soviet Republic from 1917 to 26 Dec. 1991) 
1004, 1140, 1160, 1173, 1874, 1921, 2189

Europe, Eastern–Poland 32, 300, 692, 899, 934, 1000, 1004, 1101, 
1105, 1111, 1117, 1119, 1172, 1173, 1304, 1321, 1365, 1501, 1683, 
1998

Europe, Eastern–Romania (Including Moldavia and Bessarabia until 
1940-44). Also spelled Rumania 857, 914, 973, 976, 1000, 1004, 
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1099, 1105, 1111, 1117, 1119, 1140, 1160, 1173, 1191, 1201, 1321, 
1365, 1648, 1683, 2058, 2068, 2366, 2454

Europe, Eastern–Russia (Russian Federation; Formerly Russian 
SFSR, a Soviet Republic from 30 Dec. 1922 to Dec. 1991) 5, 26, 
203, 251, 258, 259, 271, 277, 282, 300, 318, 339, 380, 384, 519, 
554, 692, 712, 797, 1001, 1004, 1041, 1043, 1074, 1119, 1140, 
1172, 1288, 1457, 1516, 1571, 2284, 2769

Europe, Eastern–Serbia (Republic of Serbia since 6 June 2006). 
Including Belgrade, Novi Sad, Sajkaska, Vojvodina, and disputed 
Kosovo. Formerly part of the loose State Union of Serbia and 
Montenegro (2003-2006) 1383, 1404, 1418, 1467, 1483, 2362, 
2588

Europe, Eastern–Slovakia (Slovak Republic, or Slovensko; Eastern 
Part of Czechoslovakia from 1918 until 1 Jan. 1993) 901, 1160

Europe, Eastern–Slovenia (Slovenija; Declared Independence from 
Yugoslavia on 21 June 1991) 480, 1160

Europe, Eastern–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 1004, 1119, 1140, 1486, 1518, 1683

Europe, Eastern–Ukraine (Ukrayina; Formerly Ukranian SSR, a 
Soviet Republic from 1917 to Dec. 1991) 250, 271, 339, 519, 692, 
712, 1004, 1105, 1140, 1160, 1173

Europe, Eastern–USSR (Union of Soviet Socialist Republics or 
Soviet Union; called Russia before 30 Dec. 1922. Ceased to exist 
on 26 Dec. 1991) 692, 712, 797, 856, 894, 974, 1000, 1001, 1004, 
1041, 1042, 1043, 1074, 1099, 1111, 1119, 1135, 1140, 1164, 1172, 
1173, 1228, 1288, 1290, 1311, 1319, 1321, 1365, 1457, 1468, 1472, 
1500, 1516, 1518, 1521, 1539, 1559, 1571, 1648, 1683, 1685, 1725, 
1733, 1764, 1802, 1874, 1919, 1921, 2051, 2125, 2135, 2189, 2229, 
2276, 2284, 2366, 2388, 2435, 2598, 2618

Europe, Eastern–Yugoslavia. Composed of Serbia and Montenegro 
from 17 April 1992 to 13 March 2002. From 1918-1991 
included the 6 Republics of Serbia / Servia, Croatia, Bosnia and 
Herzegovina, Slovenia, Macedonia, and Montenegro. Included 
Carnaro, Fiume / Rijeka / Rieka 1947-1992; Formerly Also Spelled 
Jugoslavia. See also Serbia and Montenegro 712, 884, 895, 899, 
900, 973, 1111, 1119, 1140, 1160, 1165, 1177, 1319, 1321, 1352, 
1362, 1365, 1370, 1383, 1388, 1389, 1404, 1418, 1419, 1449, 1451, 
1467, 1483, 1486, 1517, 1542, 1683, 2362, 2366, 2588

Europe–European Union (EU) or European Economic Community 
(EEC; also known as the Common Market), renamed the European 
Community (Headquarters: Brussels, Belgium) 2584

Europe–Soybean crushers (general). See Soybean Crushers 
(Europe)

Europe, soyfoods associations in. See Soyfoods Associations in 
Europe

Europe, Western 3, 4, 60, 82, 93, 257, 275, 407, 435, 577, 696, 781, 
790, 865, 870, 1173, 1203, 1365, 1684, 2425, 2441, 2557, 2736

Europe, Western–Austria (Österreich) 656, 657, 692, 697, 712, 833, 
850, 851, 853, 857, 974, 1000, 1001, 1004, 1041, 1043, 1105, 1119, 
1140, 1160, 1172, 1173, 1319, 1321, 1322, 1365, 2317, 2433, 2588, 
2901

Europe, Western–Austria-Hungary (Austro-Hungarian Empire). 
Dissolved in 1918 93, 101, 203, 245, 258, 259, 294, 339, 468, 480, 
505, 519

Europe, Western–Belgium, Kingdom of 259, 319, 434, 608, 692, 
712, 1000, 1107, 1111, 1161, 1167, 1173, 1268, 1290, 1318, 1321, 
1363, 1372, 1406, 1424, 1429, 1435, 1438, 1452, 1453, 1609, 1766, 
1880, 2047, 2584, 2891, 2943

Europe, Western–Denmark (Danmark; Including the Province of 
Greenland [Kalaallit Nunaat]) 294, 300, 656, 692, 712, 853, 1041, 
1086, 1164, 1290, 1998, 2399, 2459, 2493, 2580, 2605

Europe, Western–Finland (Suomen Tasavalta) 1105, 1507

Europe, Western–France (République Française) 9, 11, 25, 26, 29, 
34, 44, 45, 50, 53, 58, 82, 87, 99, 100, 102, 112, 114, 117, 123, 136, 
142, 163, 169, 170, 172, 183, 189, 203, 250, 262, 271, 282, 283, 
284, 285, 300, 307, 339, 425, 474, 505, 519, 544, 568, 574, 580, 
629, 644, 656, 657, 692, 712, 797, 823, 853, 895, 923, 928, 934, 
945, 951, 952, 972, 974, 976, 979, 988, 1000, 1001, 1004, 1016, 
1041, 1043, 1054, 1080, 1081, 1092, 1099, 1111, 1119, 1134, 1135, 
1136, 1137, 1140, 1141, 1142, 1149, 1152, 1154, 1158, 1159, 1160, 
1162, 1163, 1164, 1165, 1166, 1167, 1172, 1175, 1176, 1177, 1185, 
1191, 1198, 1199, 1200, 1206, 1207, 1208, 1211, 1213, 1215, 1216, 
1222, 1223, 1228, 1231, 1233, 1238, 1242, 1243, 1252, 1270, 1273, 
1275, 1304, 1315, 1316, 1317, 1318, 1319, 1321, 1326, 1327, 1354, 
1380, 1406, 1632, 1640, 1641, 1664, 1676, 1698, 1765, 1766, 1774, 
1808, 1890, 1891, 1909, 1926, 1983, 1998, 2049, 2158, 2162, 2207, 
2217, 2255, 2258, 2268, 2269, 2294, 2296, 2297, 2303, 2343, 2344, 
2361, 2363, 2366, 2378, 2387, 2390, 2411, 2418, 2435, 2438, 2474, 
2549, 2584, 2587, 2590, 2596, 2614, 2620, 2652, 2709, 2710, 2768, 
2806

Europe, Western–Germany (Deutschland; Including East and West 
Germany, Oct. 1949–July 1990) 5, 6, 7, 10, 15, 16, 18, 19, 20, 23, 
24, 32, 40, 42, 46, 54, 56, 59, 72, 73, 75, 76, 77, 80, 86, 92, 101, 
106, 111, 114, 125, 140, 145, 162, 165, 166, 167, 169, 172, 179, 
181, 185, 203, 215, 221, 231, 245, 250, 264, 300, 324, 330, 342, 
356, 372, 380, 381, 396, 401, 406, 413, 414, 457, 462, 468, 480, 
493, 505, 514, 519, 525, 534, 574, 656, 657, 675, 692, 712, 793, 
801, 848, 853, 857, 909, 914, 921, 925, 952, 960, 973, 979, 994, 
1000, 1001, 1003, 1004, 1034, 1039, 1041, 1043, 1071, 1072, 1073, 
1074, 1092, 1099, 1102, 1105, 1111, 1117, 1119, 1121, 1135, 1140, 
1148, 1152, 1158, 1160, 1164, 1165, 1169, 1170, 1172, 1175, 1191, 
1195, 1243, 1245, 1247, 1249, 1270, 1290, 1317, 1319, 1321, 1322, 
1348, 1374, 1420, 1474, 1493, 1683, 1766, 1925, 2014, 2015, 2073, 
2126, 2129, 2148, 2197, 2240, 2315, 2337, 2405, 2534, 2535, 2536, 
2565, 2566, 2628, 2629, 2631, 2634

Europe, Western–Greece (Hellenic Republic–Elliniki Dimokratia–
Hellas. Including Crete, Kríte, Kriti, or Creta, and Epirus or 
Epeiros) 997, 1067, 1119, 1148, 1165, 1290, 1321

Europe, Western–Introduction of Soybeans to. Earliest document 
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seen concerning soybeans in a certain Western European country 
972, 1584

Europe, Western–Introduction of Soybeans to. Earliest document 
seen concerning the cultivation of soybeans in a certain Western 
European country 972, 1119, 1242

Europe, Western–Introduction of Soybeans to. This document 
contains the earliest date seen for soybeans in a certain Western 
European country 580, 713, 972, 979

Europe, Western–Introduction of Soybeans to. This document 
contains the earliest date seen for the cultivation of soybeans in a 
certain Western European country 580, 713, 972, 979, 1083, 1242

Europe, Western–Ireland, Republic of (Éire; Also Called Irish 
Republic) 656, 712, 995, 1083, 1584, 1856, 2060

Europe, Western–Italy (Repubblica Italiana) 82, 203, 246, 250, 262, 
271, 300, 577, 580, 656, 657, 692, 712, 713, 797, 823, 1000, 1001, 
1004, 1041, 1043, 1099, 1116, 1119, 1148, 1150, 1164, 1172, 1231, 
1244, 1290, 1304, 1343, 1346, 1384, 1766, 2142, 2335, 2425, 2446, 
2609, 2614, 2620

Europe, Western–Luxembourg, Grand Duchy of (Occasionally 
spelled Luxemburg) 712

Europe, Western–Monaco, Principality of 1242

Europe, Western–Netherlands, Kingdom of the (Koninkrijk der 
Nederlanden), Including Holland 3, 6, 18, 26, 143, 245, 339, 344, 
464, 519, 656, 657, 692, 712, 853, 948, 1000, 1005, 1041, 1053, 
1074, 1079, 1099, 1111, 1119, 1160, 1164, 1172, 1273, 1290, 1304, 
1321, 1325, 1365, 1380, 1474, 1607, 1766, 1871, 1924, 2228, 2253, 
2446, 2464, 2481, 2492, 2535, 2536, 2588, 2663, 2666, 2684, 2722, 
2845, 2890, 2960

Europe, Western–Norway, Kingdom of (Kongeriket Norge) 712, 
853, 1041, 1290

Europe, Western–Portugal (República Portuguesa; Including Macao 
/ Macau {Until 1999} and the Azores) 306, 951, 972, 1426, 1454

Europe, Western–Scotland (Part of United Kingdom since 1707) 
927, 979, 984, 1010, 1026, 1027, 1048, 1049, 1098, 1151, 1181, 
1750, 1884, 1887, 1943, 2013, 2282

Europe, Western–Soybean Production, Area and Stocks–Statistics, 
Trends, and Analyses 1140

Europe, Western–Spain, Kingdom of (Reino de España) 203, 262, 
712, 823, 824, 972, 1000, 1099, 1191, 1290, 1292, 1322, 1329, 
1766, 1803, 1925, 2358, 2359, 2401

Europe, Western–Sweden, Kingdom of (Konungariket Sverige) 7, 
8, 289, 656, 692, 712, 853, 1065, 1111, 1119, 1164, 1290, 1319, 
1365, 1998, 2029, 2040, 2138, 2252, 2399, 2435, 2659, 2714, 2790

Europe, Western–Switzerland (Swiss Confederation) 17, 91, 285, 
295, 474, 505, 519, 574, 692, 712, 1000, 1163, 1164, 1173, 1177, 

1213, 1318, 1319, 1809, 2498, 2531, 2919

Europe, Western–Trade (Imports or Exports) of Soybeans, Soy Oil, 
and / or Soybean Meal–Statistics. See also Trade (International) 259

Europe, Western–United Kingdom of Great Britain and Northern 
Ireland (UK–Including England, Scotland, Wales, Channel Islands, 
Isle of Man, Gibraltar) 21, 30, 41, 47, 64, 65, 66, 74, 81, 83, 86, 
114, 156, 181, 199, 203, 212, 215, 234, 244, 246, 251, 258, 259, 
262, 277, 282, 283, 285, 288, 292, 295, 296, 299, 300, 318, 319, 
331, 344, 380, 384, 426, 450, 474, 505, 519, 534, 608, 631, 652, 
656, 690, 692, 712, 798, 802, 807, 832, 833, 834, 853, 922, 927, 
936, 960, 979, 984, 995, 1000, 1001, 1003, 1010, 1026, 1027, 1041, 
1043, 1048, 1065, 1083, 1086, 1098, 1099, 1105, 1111, 1117, 1118, 
1119, 1130, 1140, 1151, 1152, 1160, 1173, 1233, 1270, 1290, 1317, 
1319, 1321, 1455, 1609, 1655, 1663, 1766, 1939, 1940, 2009, 2019, 
2031, 2071, 2074, 2130, 2154, 2155, 2157, 2191, 2213, 2228, 2239, 
2245, 2247, 2279, 2280, 2282, 2349, 2351, 2392, 2445, 2524, 2525, 
2540, 2565, 2566, 2600, 2689, 2694, 2703, 2826, 2834, 2928

European Soybean Types and Varieties–Early, with Names 1071, 
1172

Evans Seed Co. (West Branch, Ogemaw County, Michigan) and Mr. 
Edward Ellsworth Evans (1864-1928) 147, 153, 168, 181, 182, 241, 
593, 979, 1014, 1109

Expellers. See Soybean Crushing–Equipment–Screw Presses and 
Expellers

Experiment Stations, Offi ce of. See United States Department of 
Agriculture (USDA)–Offi ce of Experiment Stations

Experiment stations (state) in USA. See Agricultural Experiment 
Stations in the United States

Explosives Made from Soy Oil or Glycerine–Industrial Uses of Soy 
Oil as a Non-Drying Oil 318, 530, 631, 696, 1160

Exports. See Trade of Soybeans, Oil & Meal, or see Individual 
Soyfoods Exported

Extruder / Extrusion Cooker Manufacturers–Wenger International, 
Inc. (Kansas City, Missouri; Sabetha, Kansas), Incl. Extru-Tech, 
Inc.. 2315

Extruders and Extrusion Cooking: Low Cost Extrusion Cookers 
(LECs) 2315

Extruders, Extrusion Cooking, Extrusion Cookers and Expanders. 
See also Low Cost Extrusion Cookers (LEC / LECs) 2315, 2503, 
2577

Extru-Tech, Inc. See Extruder / Extrusion Cooker Manufacturers–
Wenger International, Inc.

Faba bean or fava bean. See Broad Bean (Vicia faba)

Fairchild, David (1869-1954). In 1897 founded Section of Foreign 
Seed and Plant Introduction. After March 1901, Renamed Offi ce of 
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Foreign Seed and Plant Introduction, then Offi ce of Foreign Plant 
Introduction, then Division of Foreign Plant Introduction 69, 187, 
197, 944, 1074, 1337, 1338, 2258

Family history. See Genealogy and Family History

FAO. See United Nations (Including UNICEF, FAO, UNDP, 
UNESCO, and UNRRA) Work with Soy

Farbenindustrie, I.G. See IG Farben

Farm machinery. See Tractors

Farm Machinery–Etymology of Related Terms and Their Cognates 
93, 182, 325, 327, 415, 521

Farm (The) (Summertown, Tennessee). See also Soyfoods 
Companies (USA)–Farm Food Co.. 2164

Farming and gardening, biodynamic. See Biodynamic / Bio-
Dynamic Farming and Gardening (General)

Fatty Acids for Non-Drying or Drying Applications (As in Hot-Melt 
Glues or the Curing Component of Epoxy Glues)–Industrial Uses of 
Soy Oil 980, 1155, 1474, 1813

Fearn, Dr. Charles E. (-1949), and Fearn Soya Foods / Fearn 
Natural Foods 960

Feed manufacturing companies. See Ralston Purina Company

Feeds–Effi ciency of Animals in Converting Feeds into Human 
Foods 48

Feeds / Forage from Soybean Plants–Hay (Whole Dried Soybean 
Plants, Foliage and Immature Seed Included) 61, 63, 68, 93, 98, 
103, 112, 122, 124, 135, 137, 145, 146, 147, 151, 156, 164, 168, 
182, 199, 202, 206, 210, 217, 222, 224, 225, 233, 236, 237, 239, 
248, 257, 258, 260, 275, 282, 283, 285, 305, 306, 317, 318, 321, 
322, 325, 326, 327, 332, 338, 339, 341, 359, 369, 370, 377, 384, 
385, 386, 387, 388, 393, 394, 402, 405, 406, 407, 410, 415, 417, 
425, 426, 435, 436, 441, 442, 443, 444, 445, 456, 460, 461, 466, 
467, 473, 478, 481, 482, 484, 485, 486, 487, 489, 491, 492, 495, 
496, 497, 510, 515, 516, 517, 518, 520, 530, 535, 538, 541, 542, 
544, 545, 550, 551, 553, 555, 556, 559, 561, 567, 571, 576, 578, 
579, 583, 585, 586, 587, 590, 592, 593, 594, 598, 602, 603, 608, 
610, 611, 615, 621, 632, 633, 635, 638, 642, 645, 646, 654, 656, 
657, 660, 663, 664, 665, 668, 672, 674, 676, 685, 688, 692, 696, 
699, 700, 702, 706, 707, 708, 709, 714, 715, 718, 721, 723, 724, 
725, 727, 728, 729, 730, 737, 738, 739, 740, 764, 765, 766, 772, 
775, 782, 783, 786, 790, 796, 797, 799, 800, 803, 806, 811, 812, 
822, 826, 827, 829, 835, 838, 839, 840, 842, 851, 860, 865, 868, 
869, 870, 871, 887, 893, 904, 910, 931, 939, 950, 981, 982, 1006, 
1037, 1038, 1078, 1085, 1109, 1132, 1228, 1272, 1295, 1336, 1365, 
1461, 2180

Feeds / Forage from Soybean Plants or Full-Fat Seeds (Including 
Forage, Fodder {Green Plants}, or Ground Soybean Seeds) 48, 76, 
94, 96, 116, 123, 131, 148, 154, 163, 169, 172, 194, 200, 208, 212, 
225, 246, 304, 307, 312, 331, 336, 344, 376, 399, 403, 450, 461, 

480, 494, 498, 499, 503, 505, 519, 523, 525, 531, 546, 548, 549, 
564, 566, 574, 575, 582, 597, 600, 612, 613, 625, 626, 652, 655, 
667, 669, 682, 683, 688, 690, 698, 701, 704, 712, 719, 724, 730, 
742, 769, 774, 796, 808, 823, 824, 855, 905, 940, 941, 942, 962, 
967, 968, 970, 1001, 1002, 1003, 1004, 1041, 1043, 1044, 1054, 
1099, 1100, 1127, 1172, 1186, 1189, 1223, 1288, 1291, 1305, 1332, 
1350, 1361, 1384, 1517, 1732, 1830, 1925, 2140, 2196, 2588, 2637

Feeds / Forage from Soybean Plants–Pasture, Grazing or Foraging 
93, 132, 153, 164, 239, 257, 262, 275, 283, 285, 306, 317, 327, 332, 
338, 341, 355, 359, 388, 407, 410, 417, 426, 435, 436, 443, 456, 
458, 467, 482, 484, 486, 491, 495, 496, 510, 517, 518, 530, 538, 
544, 545, 556, 590, 608, 629, 654, 665, 692, 696, 708, 709, 723, 
737, 738, 739, 765, 779, 782, 783, 797, 800, 826, 842, 865, 870, 
910, 926, 936, 937, 942, 947, 981, 1000, 1006, 1078, 1132, 1173, 
1228, 1248, 1272, 1282, 1295, 1312, 1340, 2659

Feeds / Forage from Soybean Plants–Pastures & Grazing–Hogging 
Down / Off, Pasturing Down, Grazing Down, Lambing Down / Off, 
and Sheeping-Down / Off 93, 181, 253, 257, 283, 285, 379, 386, 
387, 388, 406, 410, 416, 435, 436, 442, 448, 456, 459, 460, 467, 
473, 482, 484, 491, 492, 496, 504, 518, 544, 545, 550, 555, 560, 
563, 575, 576, 584, 585, 592, 593, 594, 602, 611, 613, 635, 646, 
672, 677, 692, 706, 715, 727, 728, 729, 762, 764, 765, 766, 772, 
806, 835, 839, 840, 865, 870, 1006

Feeds / Forage from Soybean Plants–Silage / Ensilage Made in a 
Silo 33, 60, 61, 62, 63, 68, 69, 78, 79, 93, 103, 106, 110, 115, 118, 
119, 132, 138, 145, 147, 151, 152, 153, 168, 174, 181, 182, 192, 
199, 202, 206, 217, 233, 236, 239, 257, 258, 259, 275, 282, 283, 
285, 287, 290, 317, 318, 320, 322, 325, 326, 327, 332, 341, 354, 
369, 380, 383, 386, 388, 393, 394, 402, 406, 407, 410, 415, 417, 
435, 443, 446, 456, 459, 467, 470, 473, 482, 484, 485, 486, 487, 
489, 490, 495, 496, 511, 515, 517, 518, 530, 536, 544, 550, 553, 
555, 556, 560, 562, 563, 576, 578, 584, 586, 590, 592, 593, 594, 
596, 598, 602, 604, 608, 615, 621, 632, 633, 634, 637, 642, 646, 
654, 661, 668, 672, 674, 676, 677, 692, 696, 700, 702, 706, 715, 
725, 727, 737, 738, 739, 740, 747, 756, 766, 779, 782, 783, 797, 
800, 803, 835, 851, 865, 870, 882, 910, 915, 919, 926, 931, 936, 
937, 947, 956, 981, 1000, 1006, 1009, 1014, 1078, 1097, 1109, 
1115, 1132, 1173, 1204, 1228, 1248, 1272, 1277, 1282, 1295, 1312, 
1336, 1387, 1407, 1475, 1521, 1570, 1615, 1642, 1787, 2285, 2659

Feeds / Forage from Soybean Plants–Soilage and Soiling (Green 
Crops Cut for Feeding Confi ned Animals) 12, 60, 63, 68, 93, 133, 
138, 145, 147, 150, 205, 220, 233, 239, 285, 287, 297, 322, 325, 
327, 332, 388, 407, 410, 426, 443, 454, 456, 482, 485, 486, 487, 
489, 491, 492, 495, 518, 530, 538, 556, 615, 665, 692, 700, 779, 
800, 826, 865, 870, 910, 981, 1109, 2659

Feeds / Forage from Soybean Plants–Straw (Stems of Whole Dried 
Soybean Plants). Also Fertilizing Value, Other Uses, Yields, and 
Chemical Composition 27, 122, 147, 192, 234, 248, 291, 327, 339, 
369, 425, 463, 489, 491, 515, 530, 535, 579, 610, 646, 696, 721, 
811, 812, 842, 847, 865, 870, 893, 910, 931, 960, 972, 1078, 1106, 
1109, 1132, 1228, 1272, 1295, 1312, 2659

Feeds Made from Soybean Meal (Defatted) 258, 295, 317, 318, 
339, 435, 470, 544, 629, 712, 806, 826, 886, 915, 940, 982, 1004, 
1014, 1248, 1472, 1697, 1882, 2001, 2441, 2555
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Feeds–Soybeans, soybean forage, or soy products fed to various 
types of animals. See The type of animal–chickens, pigs, cows, 
horses, etc.

Fermented Black Soybean Extract (Shizhi / Shih Chih), and 
Fermented Black Soybean Sauce (Mandarin: Shiyou / Shih-yu. 
Cantonese: Shi-yau / Si-yau / Seow. Japanese: Kuki-jiru). See also 
Black Bean Sauce 1067

Fermented Black Soybeans–Etymology of This Term and Its 
Cognates / Relatives in Various Languages 1329

Fermented Black Soybeans–from The Philippines–Tau-si, Tausi, 
Tao-si, Taosi 1329, 2295

Fermented Black Soybeans–Whole Soybeans Fermented with 
Salt–Also called Fermented Black Beans, Salted Black Beans, 
Salty Black Beans, Black Fermented Beans, Black Beans, Black 
Bean Sauce, Black Bean and Ginger Sauce, Chinese Black Beans, 
Preserved Black Beans or Preserved Chinese Black Beans. In 
Chinese (Mandarin): Shi, Doushi, or Douchi (pinyin), Tou-shih, 
Toushih, or Tou-ch’ih (Wade-Giles). Cantonese: Dow see, Dow si, 
Dow-si, Dowsi, or Do shih. In Japan: Hamanatto, Daitokuji Natto, 
Shiokara Natto, or Tera Natto. In the Philippines: Tausi or Taosi / 
Tao-si. In Malaysia or Thailand: Tao si. In Indonesia: Tao dji, Tao-
dji, or Tao-djie 339, 657, 692, 697, 1000, 1041, 1067, 1199, 1329, 
1772, 2010, 2147, 2199, 2295, 2619

Fermented Soyfoods and Their Fermentation (General). See also: 
Microbiology and Bacteriology–History of Early Discoveries 101, 
245, 294, 1205, 1505, 1772, 2147, 2197, 2199, 2524, 2663, 2722

Fermented Specialty Soyfoods–Soy Wine, Cantonese Wine Starter 
(Kiu-Tsee / Tsée), Soy Fermentation Pellicle or Bean Ferment (Tou 
Huang), Soyidli / Idli, Dosa / Dosai, Dhokla, and Soy Ogi 339, 
1200, 1633, 1669, 2164, 2199, 2524

Fermented tofu. See Tofu, Fermented

Fermented whole soybeans. See Natto, Dawa-dawa, Kinema, Thua-
nao

Fertility of the soil. See Soil Science–Soil Fertility

Fertilizer, soybean meal used as. See Soybean Meal / Cake, Fiber 
(as from Okara), or Shoyu Presscake as a Fertilizer or Manure for 
the Soil

Fertilizers / Fertilizer (Incl. Foliar Sprays), Fertilization, Plant 
Nutrition, Mineral Needs, and Nutritional / Physiological Disorders 
of Soybeans (Including Chlorosis) 31, 43, 59, 60, 79, 90, 103, 156, 
192, 226, 234, 264, 271, 307, 327, 330, 332, 359, 379, 387, 402, 
407, 426, 465, 471, 486, 507, 515, 530, 532, 541, 544, 553, 568, 
569, 571, 579, 591, 593, 599, 610, 622, 643, 645, 663, 676, 681, 
701, 723, 725, 732, 733, 737, 738, 739, 773, 781, 797, 817, 846, 
924, 957, 958, 960, 994, 998, 999, 1037, 1040, 1080, 1104, 1107, 
1149, 1153, 1169, 1174, 1188, 1195, 1196, 1229, 1240, 1245, 1259, 
1271, 1275, 1351, 1354, 1365, 1397, 1421, 1439, 1455, 1456, 1485, 
1514, 1518, 1521, 1539, 1558, 1569, 1577, 1589, 1600, 1602, 1603, 

1648, 1663, 1669, 1676, 1697, 1698, 1730, 1731, 1749, 1769, 1809, 
1811, 1828, 1846, 1876, 1879, 1898, 1910, 1927, 1932, 1942, 1992, 
2011, 2018, 2027, 2076, 2161, 2163, 2178, 2179, 2197, 2217, 2218, 
2229, 2232, 2238, 2251, 2256, 2326, 2335, 2365, 2426, 2438, 2448, 
2475, 2479, 2482, 2486, 2538, 2549, 2607, 2668, 2681, 2720, 2982, 
3000

Fiber. See Carbohydrates–Dietary Fiber

Fiber–Okara or Soy Pulp–Etymology of This Term and Its Cognates 
/ Relatives in Various Languages 59, 247, 870

Fiber–Okara or Soy Pulp, the Residue Left from Making Soymilk 
or Tofu. Also called Bean Curd Residue, Soybean Curd Residue, 
Dou-fu-zha (Pinyin) 59, 246, 247, 296, 339, 534, 612, 656, 657, 
692, 865, 870, 1373, 1420, 1974, 2140, 2164, 2228, 3002

Fiber–Presscake, Residue or Dregs from Making Soy Sauce 59

Fiber, Soy–Bran–Etymology of This Term and Its Cognates / 
Relatives in Various Languages 692

Fiber, Soy–Bran (Pulverized Soybean Hulls / Seed Coats) and Other 
Uses of Soybean Hulls 692, 1772, 2147

Fibers (Artifi cial Wool or Textiles Made from Spun Soy Protein 
Fiber, Including Azlon, Soylon, and Soy Silk / Soysilk)–Industrial 
Uses of Soy Proteins 1000, 1066, 1119, 1160, 1320, 1367, 1679

Fiji. See Oceania–Fiji

Fish or Crustaceans (e.g., Shrimp) Fed Soybean Meal or Oil as Feed 
Using Aquaculture or Mariculture 2284

Flatulence or Intestinal Gas–Caused by Complex Sugars (As the 
Oligosaccharides Raffi nose and Stachyose in Soybeans), by Fiber, 
or by Lactose in Milk 2504

Flavor / Taste Problems and Ways of Solving Them (Especially 
Beany Off-Flavors in Soy Oil, Soymilk, Tofu, Whole Dry 
Soybeans, or Soy Protein Products, and Ways of Masking or 
Eliminating Them) 824, 1240, 1365, 1420

Flax plant or fl axseed. See Linseed Oil, Linseed Cake / Meal, or the 
Flax / Flaxseed Plant

Flour, cottonseed. See Cottonseed Flour

Flour, soy. See Soy Flour

Flour, soy–Industrial uses of. See Soy Flour, Industrial Uses of–
Other

Foams for Fighting Fires–Industrial Uses of Soy Proteins (Foam, 
Foaming Agents) 1367, 1474

Fodder, soybean. See Feeds / Forage from Soybean Plants or Full-
Fat Seeds

Food Production and Distribution Administration of USDA. See 



NITROGEN FIXATION IN SOYBEANS (1887-2018)   1084

© Copyright Soyinfo Center 2018

United States Department of Agriculture (USDA)–War Food 
Administration (WFA)

Food uses of soybeans, breeding for. See Variety Development, 
Breeding, Selection, Evaluation, Growing, or Handling of Soybeans 
for Food Uses

Food uses of soybeans in the USA, early. See Historical–Documents 
about Food Uses of Soybeans (or Recipes) in the USA before 1900

Forage, soybean. See Feeds / Forage from Soybean Plants, Feeds / 
Forage from Soybean Plants or Full-Fat Seeds

Ford, Henry (1863-1947), and His Researchers–Work with Soy–
Robert Boyer, Frank Calvert, William Atkinson, Edsel Ruddiman, 
Bob Smith, Holton W. “Rex” Diamond, and Jan Willemse 761, 941, 
960, 979, 980, 987, 995, 1003, 1041, 1083, 1086, 1111, 1152, 1228, 
1233, 1290, 1291, 1321, 1679, 2284, 2439

Foreign Agricultural Service of USDA. See United States 
Department of Agriculture (USDA)–Foreign Agricultural Service 
(FAS)

Foundry cores, binder. See Binder for Sand Foundry Cores

Fouts Family of Indiana–Incl. Taylor Fouts (1880-1952), His 
Brothers Noah Fouts (1864-1938) and Finis Fouts (1866-1943), 
Their Soyland Farm (1918-1928), and Their Father Solomon Fouts 
(1826-1907) 362, 386, 412, 416, 459, 613, 633, 639, 651, 654, 670, 
707, 715, 764, 765, 767, 790, 839, 840, 1290, 2180, 2284

France. See Europe, Western–France

Frankfurters, hot dogs, or wieners–meatless. See Meat Alternatives–
Meatless Sausages

French Oil Mill Machinery Co. (Piqua, Ohio). Maker of Soybean 
Crushing Equipment. Also Named French Oil Machinery Co.. 1474, 
1513

French Polynesia. See Oceania

Frozen desserts, non-dairy. See Soy Ice Cream

Frozen tofu. See Tofu, Frozen, Dried-Frozen, or Dried Whole

Funk Brothers Seed Co. (Bloomington, Illinois). Founded in 1901 
by Eugene D. Funk, Sr. (1867-1944). Started selling soybeans in 
1903. Started Crushing Soybeans in 1924. Renamed Funk Seeds 
International by 1983 164, 615, 714, 772, 847, 904, 1084, 1099, 
1234, 1280, 1305, 1349, 1350, 1365, 1420, 2284

Gandhi, Mohandas K. (“Mahatma”) (1869-1948). Vegetarian 
Pioneer Worldwide, and in India and England 1001, 1041, 1043

Ganmodoki. See Tofu, Fried

Gardner, Henry A. See Paint Manufacturers’ Association of the U.S.

Gas, intestinal. See Flatulence or Intestinal Gas

Geese, Ducks, Pheasants, and Other Poultry Fed Soybeans, 
Soybean Forage, or Soybean Cake or Meal as Feed 181

Gene banks. See Germplasm Collections and Resources, and Gene 
Banks

Genealogy and Family History. See Also: Obituaries, Biographies 
102, 106, 152, 320, 692, 1074, 1175, 1205, 1436, 1552, 1553, 1554, 
1555, 1557, 1679, 2284, 2507, 2663

General Mills, Inc. (Minneapolis, Minneapolis) 1474, 1543, 2398

Genetic Engineering, Transgenics, Transgenic Plants and 
Biotechnology / Biotech 2261, 2265, 2538, 2557, 2558, 2732, 2733, 
2823, 2928

Genetics, soybean. See Breeding of Soybeans and Classical 
Genetics

Georgeson, Charles Christian (1851-1931) of Kansas and Alaska 
51, 52, 63, 93, 168, 181, 182, 275, 2588, 2790

Germany. See Europe, Western–Germany

Germination / viability of seeds. See Seed Germination or Viability–
Not Including Soy Sprouts

Germplasm Collections and Resources, Gene Banks, and Seed 
Stores 1270, 1595, 1781, 1806, 1870, 1946, 2124, 2196, 2204, 
2250, 2286, 2327, 2330, 2350, 2373, 2435, 2446, 2489, 2588, 2782, 
2805, 2881, 2940

Glidden Co. (The) (Chicago, Illinois, and Cleveland, Ohio). Incl. 
Durkee Famous Foods. See also: Julian, Percy 1290, 1772, 2147

Global Warming / Climate Change as Environmental Issues 2852

Gluten. See Wheat Gluten

Glycerine, explosives made from. See Explosives Made from 
Glycerine

Glycine javanica or Glycine wightii. See Neonotonia wightii

Glycine soja. See Wild Annual Soybean

Glycine species, wild perennial. See Wild, Perennial Relatives of 
the Soybean

Goats Fed Soybeans, Soybean Forage, or Soybean Cake or Meal as 
Feed 61

Gossypium sp. See Cottonseed and Cotton

Government policies and programs effecting soybeans. See Policies 
and programs

Grades and grading of soybeans. See Seed Quality of Soybeans–
Condition, Grading, and Grades (Moisture, Foreign Material, 
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Damage, etc.)

Grain Farmers of Ontario (GFO). See Ontario Soybean Growers 
(Canada)

Grazing green soybean plants. See Feeds / Forage from Soybean 
Plants–Pasture, Grazing or Foraging

Green Manure, Use of Soybeans as, by Plowing / Turning In 
/ Under a Crop of Immature / Green Soybean Plants for Soil 
Improvement 79, 93, 103, 124, 126, 131, 147, 192, 208, 210, 212, 
222, 224, 234, 238, 245, 246, 250, 262, 273, 282, 306, 311, 316, 
317, 319, 326, 330, 332, 359, 362, 369, 380, 382, 384, 386, 388, 
397, 400, 407, 410, 411, 436, 437, 442, 446, 448, 452, 453, 454, 
456, 473, 474, 476, 479, 485, 491, 492, 493, 507, 517, 530, 540, 
541, 555, 567, 570, 590, 593, 622, 670, 673, 686, 690, 692, 693, 
708, 715, 762, 821, 823, 839, 840, 842, 851, 882, 893, 896, 897, 
926, 936, 947, 951, 952, 959, 967, 975, 981, 988, 991, 1008, 1042, 
1044, 1097, 1111, 1173, 1175, 1203, 1263, 1267, 1272, 1295, 1312, 
1320, 1333, 1336, 1340, 1365, 1367, 1475, 1510, 1518, 1539, 1786, 
1787, 2209, 2285, 2357, 2692

Green soybeans. See Soybean Seeds–Green

Green Vegetable Soybeans (Edamamé)–Machinery or Equipment 
Used for Harvesting or Picking, Sorting, Cleaning, and / or 
Shelling, Threshing, or Depodding 1084, 2799

Green Vegetable Soybeans–Etymology of This Term and Its 
Cognates / Relatives in Various Languages 407, 486, 530, 926, 936, 
1078, 1084, 2029

Green Vegetable Soybeans–Horticulture–How to Grow as a Garden 
Vegetable or Commercially 339, 797, 1002, 1075, 1078, 1084, 
1234, 1236, 1254, 1257, 1258, 1420, 1510, 1697, 2010, 2029, 2040, 
2138, 2140, 2252, 2372, 2607, 2755, 2757, 2795, 2799, 2804, 2805, 
2809, 2832, 2846, 2849

Green Vegetable Soybeans–Large-Seeded Vegetable-Type or Edible 
Soybeans, General Information About, Not Including Use As Green 
Vegetable Soybeans 49, 981, 1008, 1182, 2500

Green Vegetable Soybeans–Leaves of the Soybean Plant Used as 
Food or Medicine. Called Huo in Chinese 2

Green Vegetable Soybeans–The Word Edamame (Japanese-Style, 
in the Pods), Usually Grown Using Vegetable-Type Soybeans–
Appearance in European-Language Documents 2029, 2138, 2755, 
2757, 2795, 2799, 2804, 2805, 2809, 2819, 2832, 2837, 2846

Green Vegetable Soybeans, Usually Grown Using Vegetable-Type 
Soybeans 63, 145, 250, 282, 316, 339, 407, 474, 486, 489, 498, 
530, 544, 574, 612, 656, 690, 692, 797, 811, 812, 865, 870, 911, 
926, 936, 937, 947, 960, 1000, 1002, 1006, 1014, 1044, 1074, 1075, 
1078, 1084, 1097, 1099, 1109, 1134, 1142, 1173, 1189, 1200, 1234, 
1236, 1237, 1240, 1248, 1254, 1257, 1258, 1272, 1275, 1290, 1295, 
1305, 1307, 1319, 1320, 1329, 1332, 1350, 1365, 1420, 1510, 1570, 
1615, 1669, 1697, 1772, 1806, 1974, 1975, 2010, 2029, 2116, 2124, 
2138, 2140, 2147, 2252, 2302, 2372, 2435, 2470, 2607, 2655, 2685, 
2711, 2755, 2757, 2795, 2799, 2804, 2805, 2809, 2819, 2821, 2832, 

2837, 2846, 2849, 2922

Green Vegetable Soybeans–Vegetable-Type, Garden-Type, or 
Edible of Food-Grade Soybeans, General Information About, 
Including Use As Green Vegetable Soybeans 530, 589, 1002, 1084, 
1099, 1234, 1236, 1240, 1254, 1257, 1258, 1350, 1365, 1420, 2029, 
2711, 2757, 2805, 2849

Griffi th Laboratories (Chicago and Alsip, Illinois) 1474

Grits, roasted soy. See Roasted Whole Soy Flour (Kinako–Dark 
Roasted with Dry Heat, Full-Fat) and Grits

Groundnuts. See Peanut, Peanuts

Growth regulators / substances -. See Soybean–Growth Regulators 
/ Substances

Guam. See Oceania–Guam

Gunther Products, Inc. (Galesburg, Illinois. Founded by J.K. 
Gunter in 1949. Started in 1950. Acquired in April 1995 by Quest 
International, a Unit of Unilever) 1474

Haage & Schmidt (Erfurt, Germany) 250

Haberlandt, Friedrich J. (1826-1878, Hochschule fuer Bodencultur, 
Vienna, Austria) 93, 250, 275, 468, 505, 519, 656, 657, 692, 851, 
1321, 1365

Haberlandt soybean variety. See Soybean Varieties USA–
Haberlandt

Hackleman, Jay C. (1888-1970, Extension Agronomist, Univ. of 
Illinois) 611, 654, 672, 694, 708, 723, 763, 765, 786, 811, 812, 
1025, 1554, 2180, 2284, 2373

Hamanatto Fermented Black Soybeans–from Japan. In Japan called 
Hamanatto or (formerly) Hamananatto 692, 697, 1041, 2199

Hamanatto / Hamananatto. See Hamanatto Fermented Black 
Soybeans–from Japan

Hansa Muehle AG. See Oelmuehle Hamburg AG (Hamburg, 
Germany)

Hansa Muehle / Hansa Mühle (The Hansa Mill) and Hanseatische 
Muehlenwerke AG. Incl. the Work of Hermann Bollmann and 
Bruno Rewald, PhD 909, 1039, 1140, 1925

Hartwig, Edgar Emerson (1913-1996, North Carolina and 
Mississipi). Soybean Breeder for U.S. South 1356, 1461, 1518, 
1539, 1582, 1627, 1636, 1680, 1781, 1811, 1911, 2064, 2262, 2284, 
2286, 2325, 2682

Hartz (Jacob) Seed Co. (Stuttgart, Arkansas). Founded by Jacob 
Hartz, Sr. (1888-1963) in 1942. Continued by Jake Hartz, Jr. 
(1920- ). Acquired by Monsanto in April 1983. Headquarters at Des 
Moines, Iowa, since Jan. 1998 993, 1047, 1232, 1443, 1474, 1513, 
1526, 2209, 2284, 2285, 2417, 2736
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Harvesting and Threshing Soybeans (Including Use of Chemical 
Defoliation and Defoliants to Facilitate Harvesting) 93, 137, 138, 
147, 182, 210, 233, 236, 239, 257, 273, 275, 282, 285, 295, 296, 
305, 307, 317, 318, 325, 326, 327, 332, 339, 359, 376, 380, 386, 
387, 388, 403, 405, 406, 415, 416, 417, 426, 434, 442, 444, 456, 
461, 466, 473, 482, 484, 487, 489, 490, 494, 495, 496, 515, 517, 
518, 520, 521, 523, 530, 534, 535, 538, 544, 550, 556, 561, 564, 
566, 576, 578, 583, 591, 592, 593, 594, 595, 603, 608, 609, 615, 
625, 633, 635, 643, 646, 656, 657, 663, 665, 667, 668, 672, 674, 
676, 685, 692, 696, 699, 700, 702, 705, 707, 715, 721, 724, 725, 
729, 765, 772, 773, 776, 779, 786, 790, 796, 803, 811, 812, 826, 
831, 835, 838, 839, 840, 842, 871, 894, 910, 915, 936, 942, 947, 
950, 960, 980, 1004, 1006, 1013, 1014, 1084, 1085, 1086, 1100, 
1109, 1127, 1132, 1172, 1173, 1180, 1182, 1186, 1189, 1203, 1223, 
1234, 1248, 1266, 1268, 1282, 1290, 1305, 1320, 1321, 1329, 1332, 
1334, 1351, 1361, 1365, 1385, 1397, 1442, 1454, 1461, 1462, 1475, 
1480, 1495, 1518, 1521, 1539, 1566, 1570, 1609, 1615, 1630, 1642, 
1669, 1697, 1721, 1767, 1786, 1811, 1813, 1865, 1885, 1925, 1969, 
1980, 2010, 2064, 2123, 2140, 2149, 2192, 2308, 2372, 2466, 2475, 
2530, 2549, 2552, 2577, 2620, 2664, 2667, 3002

Hawaii. See United States–States–Hawaii

Hay, soybean. See Feeds / Forage from Soybean Plants–Hay

Hayes Ashdod Ltd. (renamed Solbar Hatzor Ltd. in April 1987) and 
Hayes General Technology (Israel) 2605

Health–Domestic science. See Domestic Science / Home 
Economics Movement in the United States

Health Foods–Manufacturers 1290

Health Foods Stores / Shops (mostly USA)–Early (1877 to 1970s) 
1290

Hemagglutinins (Lectins or Soyin) (Proteins Which Agglutinate 
Red Blood Cells) 2100, 2279

Hemp Oil or Hempseed Oil (from the seeds of Cannabis sativa) 824

Hemp (Cannabis sativa)–Used as a Source of Fiber for Textiles or 
Paper, Protein (Edestin), or Seeds (Asanomi). Includes Marijuana 
/ Marihuana. See Also Hemp Oil or Hempseed Oil. Does NOT 
include Wild Hemp (Sesbania macrocarpa) or Sunn Hemp 
(Crotolaria juncea) or Manila hemp (Musa textilis, a species of 
plantain) 24, 49, 75, 106, 290, 440, 673, 1325, 1661

Herbicides. See Weeds–Control and Herbicide Use

Historical–Documents about Food Uses of Soybeans (or Recipes) in 
the USA before 1900 60, 63, 82, 120

Historical–Documents on Soybeans or Soyfoods Published Before 
1900 1, 2, 11, 12, 19, 26, 27, 29, 33, 34, 38, 43, 45, 48, 49, 51, 52, 
55, 56, 57, 59, 60, 61, 62, 63, 67, 68, 69, 70, 71, 76, 78, 79, 82, 84, 
85, 87, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 101, 102, 103, 104, 
105, 106, 107, 108, 109, 110, 111, 112, 113, 115, 116, 117, 118, 
119, 120, 121, 122, 123

Historical–Documents on Soybeans or Soyfoods Published from 
1900 to 1923 124, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 
137, 138, 139, 140, 141, 143, 144, 145, 146, 147, 148, 149, 150, 
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 
164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 
177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 202, 205, 
206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 
219, 220, 221, 222, 224, 225, 226, 227, 228, 229, 230, 233, 234, 
235, 236, 237, 238, 239, 240, 241, 242, 243, 245, 246, 247, 248, 
249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 262, 
263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 
276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 
290, 291, 292, 293, 294, 295, 296, 297, 299, 300, 301, 302, 303, 
304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 
317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 
330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 
343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 
356, 357, 358, 359, 360, 361, 362, 363, 365, 366, 367, 368, 369, 
370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 
383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 
397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 
410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 
423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 
436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 
449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 
462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 
475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 
488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 
501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 
514, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 
527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 
540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 
553, 554, 555, 556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 
566, 567, 568, 569, 570, 571, 572, 573, 574, 575, 576, 577, 578, 
579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 
592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 
605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615, 616, 617, 
618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 
631, 632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 
644, 645, 646, 647, 648, 649, 650, 651, 652, 653, 654, 655, 656, 
657, 659, 660, 661, 662, 663, 664, 665, 666, 667, 668, 669, 670, 
671, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 682, 683, 
684, 685, 686, 687, 688, 689, 690, 691, 692, 693, 694, 696, 697, 
698, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 
711, 712, 713, 714, 715, 745, 746

Historical–Earliest Document Seen Containing a Particular Word, 
Term, or Phrase 2, 22, 26, 27, 33, 37, 43, 48, 55, 59, 60, 61, 62, 63, 
68, 81, 82, 92, 93, 103, 112, 128, 137, 140, 147, 164, 166, 167, 181, 
182, 194, 202, 208, 210, 217, 233, 245, 246, 247, 253, 258, 264, 
275, 282, 294, 296, 299, 300, 302, 306, 313, 317, 320, 325, 327, 
330, 344, 369, 379, 385, 386, 393, 394, 407, 415, 425, 431, 435, 
461, 486, 498, 520, 521, 530, 538, 566, 580, 586, 612, 613, 627, 
683, 692, 715, 717, 732, 740, 761, 764, 765, 786, 833, 847, 868, 
870, 875, 897, 926, 932, 933, 936, 948, 1000, 1001, 1075, 1078, 
1084, 1086, 1119, 1240, 1253, 1290, 1316, 1318, 1329, 1350, 1377, 
1489, 1502, 1503, 1556, 1565, 1609, 1736, 2029, 2116, 2164, 2236, 
2272, 2281, 2396, 2439, 2605, 2819



NITROGEN FIXATION IN SOYBEANS (1887-2018)   1087

© Copyright Soyinfo Center 2018

Historical–Earliest Document Seen of a Particular Type 509

Historical–Earliest Document Seen on a Particular Geographical 
Area–a Nation / Country, U.S. State, Canadian Province, or 
Continent 60, 111, 122, 128, 185, 187, 199, 213, 256, 271, 330, 
344, 353, 371, 398, 434, 608, 629, 713, 731, 748, 821, 823, 914, 
936, 950, 951, 972, 988, 1000, 1119, 1242, 1280, 1304, 1316, 1361, 
1426, 1454, 1514, 1590, 1676, 1977, 2222

Historical–Earliest Document Seen on a Particular Subject 1, 2, 4, 
43, 81, 93, 101, 111, 121, 137, 164, 181, 187, 197, 246, 247, 285, 
296, 318, 327, 358, 382, 384, 466, 530, 534, 590, 613, 629, 683, 
717, 718, 741, 761, 767, 799, 842, 847, 867, 1307, 1316, 2079, 
2261

Historical–Earliest Document Seen on a Particular Subject 1, 2, 4, 
18, 26, 27, 43, 49, 60, 61, 62, 76, 82, 92, 93, 96, 101, 103, 111, 112, 
121, 122, 128, 137, 147, 152, 153, 164, 165, 168, 175, 181, 182, 
185, 187, 194, 197, 199, 200, 213, 230, 233, 236, 246, 247, 257, 
264, 271, 275, 284, 285, 296, 306, 318, 320, 321, 325, 326, 327, 
330, 344, 353, 354, 358, 362, 363, 369, 371, 377, 379, 382, 384, 
385, 386, 389, 398, 404, 407, 415, 417, 421, 425, 434, 444, 446, 
452, 456, 462, 466, 469, 480, 487, 491, 519, 520, 521, 523, 530, 
538, 553, 566, 577, 586, 590, 592, 608, 611, 629, 635, 672, 683, 
685, 692, 694, 712, 713, 715, 718, 731, 741, 748, 761, 767, 782, 
783, 786, 790, 792, 797, 799, 800, 803, 811, 814, 821, 823, 824, 
839, 840, 842, 847, 849, 858, 867, 868, 872, 897, 902, 926, 933, 
936, 950, 951, 972, 979, 980, 988, 993, 1000, 1019, 1044, 1058, 
1078, 1084, 1109, 1119, 1160, 1167, 1229, 1242, 1277, 1280, 1290, 
1304, 1305, 1316, 1385, 1421, 1486, 1494, 1514, 1622, 1627, 1647, 
1685, 2001, 2124, 2210, 2222, 2261

Historical–Earliest Document Seen That Mentions a Particular 
Soybean Variety 49, 93, 137, 147, 152, 168, 181, 213, 230, 321, 
362, 369, 377, 384, 385, 386, 417, 421, 425, 444, 487, 491, 523, 
530, 538, 592, 635, 672, 683, 685, 694, 797, 950, 1084, 1109, 1280

Historical–Important Documents (Published After 1923) About 
Soybeans or Soyfoods Before 1900 580, 1529, 1661, 1684, 1929, 
2380, 2588

Historically Important Events, Trends, or Publications 335, 339, 
833, 1067, 1684, 2605

History–Chronology. See Chronology / Timeline

History of the Soybean–Myths and Early Errors Concerning Its 
History 1627

History. See also Historical–Earliest..., Biography, Chronology / 
Timeline, and Obituaries 1, 12, 74, 78, 150, 182, 212, 215, 245, 
256, 259, 262, 271, 294, 296, 302, 316, 317, 339, 356, 359, 372, 
383, 387, 393, 394, 414, 425, 426, 468, 474, 484, 499, 519, 528, 
534, 580, 615, 637, 644, 656, 657, 692, 707, 708, 712, 713, 720, 
737, 738, 739, 740, 751, 764, 765, 766, 767, 768, 790, 797, 799, 
810, 811, 812, 814, 821, 837, 842, 848, 851, 853, 860, 910, 915, 
926, 929, 960, 973, 979, 993, 1000, 1001, 1003, 1004, 1014, 1041, 
1043, 1047, 1067, 1074, 1081, 1099, 1158, 1172, 1205, 1277, 1288, 
1290, 1291, 1292, 1305, 1317, 1318, 1321, 1335, 1338, 1349, 1352, 

1365, 1403, 1427, 1460, 1462, 1505, 1529, 1543, 1618, 1622, 1627, 
1633, 1661, 1669, 1679, 1684, 1694, 1745, 1772, 1787, 1796, 1911, 
1928, 1929, 1937, 2005, 2055, 2077, 2143, 2147, 2164, 2176, 2177, 
2180, 2196, 2209, 2240, 2249, 2258, 2262, 2263, 2284, 2285, 2287, 
2293, 2314, 2315, 2347, 2373, 2380, 2393, 2397, 2417, 2420, 2439, 
2502, 2503, 2534, 2535, 2536, 2539, 2549, 2554, 2584, 2588, 2614, 
2659, 2663, 2692, 2714, 2736, 2760, 2782, 2790, 2833, 2922, 2928, 
2947, 2948, 2969, 2991

Hogging down soybeans. See Forage from Soybean Plants–
Hogging Down

Holland. See Europe, Western–Netherlands

Holmberg, Sven A. (1894-1982, Fiskeby, Norrköping, Sweden). 
Soybean Breeder for the Far North 1998, 2029, 2040, 2138, 2252, 
2399, 2714, 2790

Home Economics, Bureau of. See United States Department of 
Agriculture (USDA)–Bureau of Human Nutrition and Home 
Economics

Home economics movement. See Domestic Science / Home 
Economics Movement in the United States

Homemade soy fl our. See Soy Flour, Homemade–How to Make at 
Home or on a Laboratory or Community Scale, by Hand

Homemade soy sprouts. See Soy Sprouts, Homemade–How to 
Grow at Home or on a Laboratory Scale, by Hand

Homemade tempeh. See Tempeh, Homemade–How to Make at 
Home or on a Laboratory Scale, by Hand

Homemade tofu. See Tofu, Homemade–How to Make at Home or 
on a Laboratory or Community Scale, by Hand

Honeybees. See Bees

Hong Kong. See Asia, East–Hong Kong

Hormones from soybeans. See Sterols or Steroid Hormones

Horse bean. See Broad Bean (Vicia faba)

Horses, Ponies, Mules, Donkeys or Asses Fed Soybeans, Soybean 
Forage, or Soybean Cake or Meal as Feed 49, 122, 181, 187, 224, 
282, 417, 435, 548, 602, 626, 650, 670, 700, 865, 870

Horvath, Artemy / Arthemy Alexis (1886-1979) and Horvath 
Laboratories. See also Soya Corporation of America and Dr. 
Armand Burke 853, 932, 1290

Hulls, soybean, uses. See Fiber, Soy

Human Nutrition–Clinical Trials 692, 1237, 1772, 2147, 2228, 2605

Hunger, Malnutrition, Famine, Food Shortages, and Mortality 
Worldwide 894, 977, 1318, 2555, 2852
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Hyacinth Bean. Lablab purpureus (L.) Sweet; formerly Dolichos 
lablab. Also Called Bonavist Bean, Egyptian Kidney Bean, 
Egyptian Lentil. In South and Southeast Asia Called Lablab Bean. 
Chinese–Biandou (W.-G. Pien Tou) 393

Hydraulic presses. See Soybean Crushing–Equipment–Hydraulic 
Presses

Hydrogenated Products (Margarine, Shortening, Soy Oil) Industry 
and Market Statistics, Trends, and Analyses–By Geographical 
Region 1086

Hydrogenation. See Margarine, Shortening, Trans Fatty Acids, 
Vanaspati, also Margarine and Shortening

Hydrogenation of Soybean Oil, Soy Fatty Acids, or Soy Lecithin 
1290, 1806

Hymowitz, Theodore (Soybean Historian and Prof. of Plant 
Breeding, Univ. of Illinois) 1622, 1635, 1636, 1684

Ice cream, soy. See Soy Ice Cream

IG Farben (I.G. Farbenindustrie), the German Dye and Chemical 
Trust 1140, 1160, 1191, 1683

IITA (Nigeria). See International Institute of Tropical Agriculture 
(IITA) (Ibadan, Nigeria)

Illinois. See United States–States–Illinois

Illinois, University of (Urbana-Champaign, Illinois). Soyfoods 
Research & Development 1002, 1044, 1084, 1097, 1204, 1870, 
1911, 1966, 2284, 2373, 2556, 2805, 2849

Illumination or Lighting by Burning Soy Oil in Wicked Oil Lamps 
Like Kerosene–Industrial Uses of Soy Oil as a Non-Drying Oil 246, 
258, 296, 317, 530, 534, 554, 696, 853

Illustrations, Not About Soy, Published after 1923. See also Photos 
1317

Illustrations, Not About Soy, Published before 1924. See also 
Photos 4, 5, 7, 8, 17, 74

Illustrations (Often Line Drawings) Published before 1924. See also 
Photographs 61, 63, 93, 103, 112, 118, 123, 128, 131, 134, 151, 
152, 174, 199, 200, 202, 217, 222, 249, 257, 273, 275, 283, 285, 
288, 290, 295, 297, 305, 318, 320, 322, 324, 326, 339, 351, 365, 
377, 388, 393, 394, 403, 467, 474, 478, 481, 519, 535, 544, 578, 
608, 645, 656, 657, 664, 696, 698, 740

Illustrations Published after 1923. See also Photographs 852, 853, 
872, 972, 974, 1020, 1043, 1061, 1089, 1124, 1138, 1172, 1192, 
1255, 1272, 1278, 1284, 1287, 1295, 1300, 1447, 1529, 1684, 1822, 
1937, 2021, 2087, 2138, 2164, 2271, 2380, 2522, 2794

Implements, agricultural. See Machinery (Agricultural), 
Implements, Equipment and Mechanization

Important Documents #1–The Very Most Important 1, 2, 4, 18, 19, 
22, 27, 43, 49, 60, 61, 63, 69, 76, 81, 82, 93, 101, 111, 121, 122, 
124, 128, 137, 147, 152, 153, 164, 165, 168, 175, 179, 181, 185, 
187, 194, 197, 199, 200, 213, 214, 230, 236, 246, 247, 256, 257, 
271, 282, 285, 296, 306, 318, 321, 327, 330, 339, 344, 352, 353, 
358, 362, 363, 369, 371, 379, 380, 382, 384, 385, 386, 389, 393, 
394, 398, 407, 415, 417, 421, 425, 434, 444, 446, 452, 462, 466, 
469, 480, 487, 491, 505, 520, 530, 534, 538, 566, 577, 580, 590, 
592, 608, 611, 629, 635, 672, 675, 683, 685, 692, 713, 715, 718, 
731, 740, 741, 748, 761, 767, 782, 783, 786, 792, 797, 799, 803, 
811, 812, 814, 815, 821, 823, 839, 840, 842, 847, 851, 858, 867, 
872, 875, 886, 912, 914, 926, 936, 950, 951, 972, 979, 980, 988, 
993, 995, 1000, 1004, 1037, 1044, 1058, 1083, 1084, 1109, 1119, 
1133, 1167, 1229, 1242, 1277, 1280, 1290, 1304, 1316, 1321, 1340, 
1350, 1361, 1365, 1373, 1385, 1421, 1426, 1427, 1454, 1480, 1486, 
1494, 1505, 1514, 1529, 1584, 1590, 1627, 1661, 1676, 1684, 1689, 
1709, 1728, 1772, 1805, 1806, 1807, 1811, 1816, 1817, 1890, 1891, 
1929, 1938, 1972, 1977, 2029, 2051, 2108, 2164, 2222, 2261, 2289, 
2293, 2435, 2486, 2487, 2489, 2502, 2503, 2507, 2513, 2549, 2557, 
2588, 2592, 2605, 2637, 2691, 2714, 2800, 2869, 2870

Important Documents #2–The Next Most Important 59, 62, 96, 182, 
250, 264, 284, 295, 307, 319, 320, 325, 335, 354, 404, 431, 433, 
456, 498, 519, 521, 571, 586, 589, 612, 700, 810, 833, 848, 868, 
894, 897, 910, 933, 948, 960, 1001, 1003, 1041, 1043, 1071, 1075, 
1086, 1106, 1172, 1240, 1291, 1293, 1308, 1351, 1420, 1477, 1493, 
1521, 1609, 1786, 1822, 2001, 2005, 2176, 2177, 2196, 2227, 2237, 
2366, 2446, 2476, 2558, 2732, 2747, 2769

Imports. See Trade of Soybeans, Oil & Meal, or see Individual 
Soyfoods Imported

India. See Asia, South–India

Indian Agricultural Research Institute. See Asia, South–India. Work 
of the Indian Agricultural Research Institute (IARI, New Delhi) 
with Soyabeans in India

Indian Council of Agricultural Research (ICAR). See Asia, South–
India. Work of the Indian Council of Agricultural Research (ICAR)

Indiana. See United States–States–Indiana

Indiana Soy Pioneers. See Central Soya Co., Fouts Family, Meharry

Indonesia. See Asia, Southeast–Indonesia

Indonesian-style fermented soybean paste. See Tauco–Indonesian-
Style Fermented Soybean Paste

Indonesian-style soy sauce. See Soy Sauce, Indonesian Style or 
from the Dutch East Indies (Kecap, Kécap, Kechap, Ketjap, Kétjap) 
Ketchup / Catsup

Industrial uses of soy oil. See Fatty Acids for Non-Drying or Drying 
Applications (As in Hot-Melt Glues or the Curing Component of 
Epoxy Glues)

Industrial uses of soy oil as a drying oil. See Adhesives, Asphalt 
Preservation Agents, Caulking Compounds, Artifi cial Leather, and 
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Other Minor or General Uses, Ink for Printing, Paints, Varnishes, 
Enamels, Lacquers, and Other Protective / Decorative Coatings, 
Rubber Substitutes or Artifi cial / Synthetic Rubber (Factice)

Industrial uses of soy oil as a non-drying oil. See Dust Suppressants 
and Dust Control, Lubricants, Lubricating Agents, and Axle Grease 
for Carts

Industrial Uses of Soy Oil (General) 258, 295, 440, 802, 1003, 
1078, 1162, 1172, 1173, 1291, 1806

Industrial uses of soy proteins. See Fibers (Artifi cial Wool or 
Textiles Made from Spun Soy Protein Fibers, Including Azlon, 
Soylon, and Soy Silk / Soysilk), Foams for Fighting Fires, Paints 
(Especially Water-Based Latex Paints), Paper Coatings or Sizings, 
or Textile Sizing, Plastics (Including Molded Plastic Parts, Plastic 
Film, Disposable Eating Utensils and Tableware–From Spoons to 
Plates, and Packaging Materials)

Industrial Uses of Soy Proteins–Etymology of This Term and Its 
Cognates / Relatives in Various Languages 1119

Industrial Uses of Soy Proteins–General and Minor Uses–Galalith, 
Sojalith, Celluloid, Cosmetics (Lotions and Soaps), Rubber 
Substitutes, Insecticides, etc. See also Culture Media as for 
Antibiotics Industry 656, 657, 712, 1119, 1162, 1172, 1173, 1199, 
1200, 1291, 2284, 2753

Industrial uses of soy proteins (including soy fl our). See Adhesives 
or Glues for Plywood, Other Woods, Wallpaper, or Building 
Materials

Industrial uses of soybeans. See Chemurgy, the Farm Chemurgic 
Movement, and the Farm Chemurgic Council (USA, 1930s to 
1950s) Including, Lecithin, Soy–Industrial Uses, Soy Flour, 
Industrial Uses of–Other, Soybean Meal / Cake, Fiber (as from 
Okara), or Shoyu Presscake as a Fertilizer or Manure for the Soil

Industrial Uses of Soybeans (General Non-Food, Non-Feed) 489, 
712, 1004, 1014, 1142, 1248, 1272, 1275, 1295, 1318, 1327, 1514, 
1543

Industrial Uses of Soybeans (Non-Food, Non-Feed)–Industry and 
Market Statistics, Trends, and Analyses–By Geographical Region 
318, 1119, 1340

Industrial Uses of Soybeans (Non-Food, Non-Feed)–Industry and 
Market Statistics, Trends, and Analyses–Larger Companies (Ford 
Motor Co., I.F. Laucks, O’Brien Varnish Co., The Drackett Co., 
ADM, General Mills, etc.) 987, 1290

Industrial uses of soybeans or soy products. See Culture Media / 
Medium (for Growing Microorganisms)

Infant Foods and Infant Feeding, Soy-based. See Also Infant 
Formulas, Soy-based 853, 936, 947, 1117, 1966, 2502

Infant Formula / Formulas, Soy-based, Including Effects on Infant 
Health (Alternatives to Milk. Usually Fortifi ed and Regulated. 
Since 1963 Usually Made from Soy Protein Isolates) 712, 1318

Information. See Libraries with a Signifi cant Interest in Soy

Information, computerized. See Websites or Information on the 
World Wide Web or Internet

Ink for Printing–Industrial Uses of Soy Oil as a Drying Oil 318, 
425, 508, 530, 631, 696, 824, 910, 980, 1044, 1086, 1146, 1367, 
1615, 2941

Inoculum / inocula of nitrogen fi xing bacteria for soybeans. See 
Nitrogen Fixing Cultures

Inoculum, inoculation, and nodulation. See Nitrogen Fixation or 
Soybean Production–Nitrogen Fixation

Insects–Pest Control. See also: Integrated Pest Management 63, 
137, 145, 233, 235, 273, 302, 307, 312, 339, 357, 393, 394, 416, 
434, 530, 551, 567, 589, 672, 692, 707, 719, 737, 738, 739, 740, 
742, 797, 833, 855, 886, 933, 943, 973, 981, 1000, 1001, 1041, 
1043, 1084, 1099, 1109, 1172, 1203, 1272, 1290, 1295, 1320, 1321, 
1350, 1351, 1365, 1377, 1397, 1431, 1457, 1458, 1461, 1475, 1480, 
1517, 1521, 1524, 1535, 1539, 1566, 1609, 1610, 1615, 1618, 1619, 
1630, 1642, 1653, 1669, 1671, 1721, 1732, 1738, 1767, 1769, 1786, 
1796, 1806, 1813, 1816, 1865, 1885, 1942, 1967, 1970, 1972, 1973, 
1974, 1975, 1977, 1980, 2001, 2005, 2027, 2064, 2065, 2076, 2142, 
2149, 2150, 2184, 2192, 2196, 2197, 2226, 2227, 2228, 2247, 2266, 
2268, 2270, 2275, 2295, 2308, 2325, 2332, 2336, 2337, 2348, 2350, 
2384, 2400, 2420, 2441, 2453, 2476, 2479, 2485, 2489, 2490, 2494, 
2495, 2501, 2503, 2505, 2508, 2518, 2522, 2539, 2549, 2552, 2555, 
2557, 2560, 2572, 2586, 2592, 2620, 2641, 2736, 2747, 2794, 2799, 
3002

Institut de Recherches Agronomiques Tropicales (IRAT–Tropical 
Institute of Agronomic Research) 1676, 1698, 1890, 1891, 1926, 
2162, 2255, 2268, 2297, 2311, 2343, 2344, 2366, 2387, 2390, 2411, 
2431, 2502, 2549, 2596

Integrated Pest Management (IPM) and Biological Control 1157, 
2684, 2726, 2747, 2756, 2782

Intercropping–use of soybeans in. See Cropping Systems: 
Intercropping, Interplanting, or Mixed Cropping

International Institute of Agriculture (IIA) (Rome) 474, 983, 988, 
1000, 1041

International Institute of Tropical Agriculture (IITA) (Ibadan, 
Nigeria) 1770, 1795, 1796, 1868, 1876, 1885, 1893, 1930, 1959, 
2052, 2053, 2065, 2141, 2145, 2195, 2212, 2236, 2245, 2272, 2275, 
2281, 2291, 2300, 2301, 2313, 2329, 2336, 2337, 2350, 2374, 2382, 
2383, 2384, 2402, 2407, 2411, 2415, 2420, 2435, 2446, 2468, 2476, 
2495, 2500, 2502, 2503, 2504, 2505, 2508, 2549, 2555, 2643, 2649, 
2684, 2693, 2715, 2725, 2726, 2734, 2738, 2756, 2765, 2782, 2796, 
2800, 2829, 2830, 2831, 2835, 2851, 2854, 2855, 2856, 2871, 2875, 
2890, 2903, 2915, 2925, 2926, 2929, 2930, 2934, 2935, 2939, 2940, 
2944, 2951, 2952, 2958, 2964, 2965, 2966, 2979, 2983, 2993, 2996

International Nutrition Laboratory. See Miller, Harry W. (M.D.) 
(1879-1977)
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International soybean programs. See AVRDC–The World Vegetable 
Center (Shanhua, Taiwan), INTSOY–International Soybean 
Program (Univ. of Illinois, Urbana, Illinois), International Institute 
of Agriculture (IIA) (Rome), International Institute of Tropical 
Agriculture (IITA) (Ibadan, Nigeria), United Nations (Including 
UNICEF, FAO, UNDP, UNESCO, and UNRRA) Work with Soy, 
Institut de Recherches Agronomiques Tropicales (IRAT–Tropical 
Institute of Agronomic

Internet. See Websites or Information on the World Wide Web

Intestinal Flora / Bacteria and Toxemia–Incl. Changing and 
Reforming (L. Acidophilus, Bifi dus, L. Bulgaricus etc.) 2348

Introduction of foreign plants to the USA. See United States 
Department of Agriculture (USDA)–Section of Foreign Seed and 
Plant Introduction

Introduction of Soybeans (as to a Nation, State, or Region, with P.I. 
Numbers for the USA) and Selection 26, 33, 55, 60, 62, 69, 78, 93, 
111, 112, 122, 123, 124, 128, 135, 137, 138, 154, 156, 168, 182, 
185, 187, 199, 213, 250, 256, 257, 271, 282, 284, 293, 299, 302, 
312, 319, 331, 344, 352, 357, 371, 390, 398, 410, 415, 417, 418, 
434, 454, 463, 485, 487, 491, 546, 571, 577, 593, 596, 608, 629, 
632, 637, 641, 690, 692, 720, 731, 737, 738, 739, 807, 811, 812, 
910, 934, 936, 947, 951, 988, 1000, 1037, 1074, 1078, 1100, 1115, 
1119, 1173, 1280, 1304, 1305, 1316, 1321, 1322, 1334, 1355, 1361, 
1373, 1401, 1454, 1480, 1514, 1590, 1676, 1890, 1891, 1972, 2222, 
2283, 2293, 2302, 2502, 2507, 2513

INTSOY–International Soybean Program (Univ. of Illinois, Urbana, 
Illinois). Founded July 1973 1835, 1880, 1882, 1911, 1931, 1966, 
1977, 2142, 2143, 2230, 2235, 2257, 2283, 2302, 2340, 2373, 2397, 
2411, 2420, 2446, 2500, 2505, 2549

Iodine number. See Soy Oil Constants–Iodine Number

Iowa. See United States–States–Iowa

IRAT. See Institut de Recherches Agronomiques Tropicales (IRAT)

Iron Availability, Absorption, and Content of Soybean Foods and 
Feeds 1199, 1528

Irradiation of Soybeans for Breeding and Variety Development 
(Usually Gamma Irradiation to Cause Mutations) 1574

Isofl avones in soybeans and soyfoods. See Estrogens, Incl. 
Genistein, Daidzein, etc.

Isolated soy proteins. See Soy Proteins–Isolates

Israel. See Asia, Middle East–Israel and Judaism

Ito San soybean variety. See Soybean Varieties USA–Ito San

Ivory Coast. See Africa–Côte d’Ivoire

Jack Bean. Canavalia ensiformis (L.) D.C. Also Called Sword Bean 

(Erroneously; it is Canavalia gladiata) and Horse Bean (Rarely). 
Chinese–Daodou (pinyin); formerly Tao-tou (Wade-Giles) 330, 393

Jang–Korean-Style Fermented Soybean Paste. Includes Doenjang 
/ Toenjang / Doen Jang / Daen Chang (Soybean Miso), and 
Kochujang / Koch’ujang / Gochujang / Kochu Jang / Ko Chu Jang / 
Kochu Chang (Red-Pepper and Soybean Paste) 1970

Japan. See Asia, East–Japan

Japan–Shokuhin Sogo Kenkyujo. See National Food Research 
Institute (NFRI) (Tsukuba, Ibaraki-ken, Japan)

Japanese Overseas, Especially Work with Soy or Macrobiotics 911, 
1427, 2029

Japanese Soybean Types and Varieties–Early, with Names 26, 60, 
68, 137, 187, 250, 282, 330, 530, 692, 1099, 1172

Jiang–Chinese-Style Fermented Soybean Paste / Miso (Soybean 
Jiang {doujiang} or Chiang / Tou Chiang [Wade-Giles]). Includes 
Tuong from Indochina, Tao-Tjiung and Tao-Tjiong from Indonesia 
247, 296, 339, 534, 612, 853, 972, 1000, 1669, 2380, 2619

Job’s Tears (Coix lachryma-jobi; formerly Coix lacryma). Called 
Hatomugi or Hato Mugi in Japanese, and Adlay in South Asia. 
Sometimes mistakenly called “Pearl Barley” (Since it is unrelated 
to Barley) 1364, 1398

Johnson Family of Stryker, Williams County, Ohio. Including (1) 
Edward Franklin “E.F. Soybean” Johnson (1889-1961) of Johnson 
Seed Farms (Stryker, Ohio), Delphos Grain and Soya Processing 
Co. (Ohio), and Ralston Purina Company (Missouri); (2) Elmer 
Solomon Johnson (1879-1920); (3) Perhaps E.C. Johnson and Hon. 
Solomon Johnson (1850-1918) 466, 578, 620, 706, 764, 768, 933, 
955

Johnson & Stokes (Philadelphia, Pennsylvania) 132, 137, 153, 355

Kaempfer, Engelbert (1651-1716)–German physician and traveler 
692, 1684, 2588

Kanjang / Ganjang–Korean-Style Fermented Soy Sauce. Also 
spelled Kan Jang / Gan Jang 1970

Kecap, Kechap, Ketjap, Ketchup. See Soy Sauce, Indonesian Style 
or from the Dutch East Indies (Kecap, Kécap, Kechap, Ketjap, 
Kétjap)

Kecap manis. See Soy Sauce, Indonesian Sweet, Kecap Manis / 
Ketjap Manis

Kefi r, soy. See Soymilk, Fermented–Soy Kefi r

Kellogg, John Harvey (M.D.) (1852-1943), Sanitas Food Co., 
Sanitas Nut Food Co., Battle Creek Sanitarium Health Food Co., 
and Battle Creek Food Co. (Battle Creek, Michigan). Battle Creek 
Foods Was Acquired by Worthington Foods in 1960 875, 977, 1338

Ketchup, Catsup, Catchup, Ketchop, Ketchap, Katchup, Kitjap, etc. 
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Word Mentioned in Document 26, 339, 650, 1000, 1974

Ketjap manis. See Soy Sauce, Indonesian Sweet, Kecap Manis / 
Ketjap Manis

Kin, Yamei. See Yamei Kin (1864-1934)

Kinako. See Roasted Whole Soy Flour (Kinako–Dark Roasted with 
Dry Heat, Full-Fat) and Grits

Kinema (Whole Soybeans Fermented with Bacillus subtilis strains 
from Eastern Nepal, Darjeeling Hills, Sikkim, and South Bhutan). 
Occasionally spelled Kenima. Close relatives are from Northeast 
India are: Aakhone, Akhoni, Akhuni (Nagaland), Bekang (Mizoram), 
Hawaijar (Manipur), Peruyyan (Arunachal Pradesh), Tungrymbai 
(Meghalaya) 2124

Kloss, Jethro. See Seventh-day Adventists–Cookbooks and Their 
Authors

Koji (Cereal Grains {Especially Rice or Barley} and / or Soybeans 
Fermented with a Mold, Especially Aspergillus oryzae) or Koji 
Starter. Chinese Qu / Pinyin or Ch’ü / Wade-Giles 59, 101, 294, 
505, 580, 1004, 1199, 1420, 2197

Korea. See Asia, East–Korea

Korean-style fermented soy sauce. See Kanjang–Korean-Style 
Fermented Soy Sauce

Korean-style fermented soybean paste. See Jang–Korean-Style 
Fermented Soybean Paste

Kudzu or Kuzu–Tropical Kudzu or Puero (Pueraria phaseoloides) 
(Roxb.) Benth. Formerly Pueraria javanica 1384, 2756

Kudzu or Kuzu (Pueraria montana var. lobata. Formerly Pueraria 
lobata, Pueraria thunbergiana, Pachyrhizus thunbergianus, 
Dolichos lobatus). For Rhodesian Kudzu Vine see Neonotonia 
wightii. See also Tropical Kudzu or Puero (Pueraria phaseoloides) 
393, 704, 738, 781, 963, 1384, 1453, 2684

Kuzu. See Kudzu or Kuzu (Pueraria...)

Lablab purpureus or Lablab bean. See Hyacinth Bean

Lager, Mildred (Los Angeles, California) 1290

Land O’Lakes, Inc.. 2261

Land-Grant Colleges and Universities, and Their Origin with the 
Land Grant Act of 1862 (the so-called Morrill Act) 2588

Large-seeded soybeans. See Green Vegetable Soybeans–Large-
Seeded Vegetable-Type or Edible Soybeans

Latin America–Caribbean–Antigua and Barbuda (Including 
Redonda) 256, 293, 315, 353, 1000

Latin America–Caribbean–Barbados 256, 371, 631, 886, 1000, 

2732

Latin America–Caribbean–Bermuda (A British Dependent 
Territory) 690, 807, 1000

Latin America–Caribbean–British Dependent Territories–Anguilla, 
Cayman Islands, British Virgin Islands, Montserrat, Turks and 
Caicos Islands. See also: Bermuda 353, 371, 1000

Latin America–Caribbean–Cuba 185, 213, 577, 607, 620, 692, 870, 
915, 961, 1000, 1007, 1012, 1099, 1846, 1847, 1898, 1956, 1992, 
2221, 2305, 2340, 2567, 2637, 2720

Latin America–Caribbean–Dominica 352, 1657

Latin America–Caribbean–Dominican Republic (Santo Domingo or 
San Domingo before 1844) 1000, 1656

Latin America–Caribbean–French Overseas Departments–
Guadeloupe, and Martinique (French West Indies). Guadeloupe 
(consisting of two large islands–Basse-Terre and Grande-Terre) 
administers 5 smaller dependencies–Marie-Galante, Les Saintes, La 
Désirade, St.-Barthélemy, and St. Martin (shared with Netherlands 
Antilles) 1000, 2549

Latin America–Caribbean–Grenada 398, 433

Latin America–Caribbean–Introduction of Soybeans to. Earliest 
document seen concerning soybeans in a certain Caribbean country 
213, 256, 353, 371, 398, 731

Latin America–Caribbean–Introduction of Soybeans to. Earliest 
document seen concerning the cultivation of soybeans in a certain 
Caribbean country 213, 256, 353, 371, 398, 731

Latin America–Caribbean–Introduction of Soybeans to. This 
document contains the earliest date seen for soybeans in a certain 
Caribbean country 213, 256, 352, 353, 371, 398, 2637

Latin America–Caribbean–Introduction of Soybeans to. This 
document contains the earliest date seen for the cultivation of 
soybeans in a certain Caribbean country 213, 256, 352, 353, 371, 
398, 2507, 2637

Latin America–Caribbean–Jamaica 219, 731, 943, 1000, 1384

Latin America–Caribbean–Lesser Antilles–Virgin Islands (Including 
British Virgin Islands and Virgin Islands of the United States–St. 
Croix, St. John, and St. Thomas), Leeward Islands (Anguilla, 
Antigua and Barbuda [Including Redonda], Dominica, Guadeloupe, 
Montserrat, Saint Kitts [formerly Saint Christopher] and Nevis), 
Windward Islands (Barbados, Grenada, Martinique, St. Lucia, St. 
Vincent and the Grenadines, Trinidad and Tobago), and Netherlands 
Dependencies (Including Aruba, Curaçao or Curacao, and Bonaire 
off Venezuela, and Saba, St. Eustatius, and southern St. Martin / 
Maarten in the Lesser Antilles). Note–Guadeloupe and Martinique 
and the fi ve dependencies of Guadeloupe, which are French 
Overseas Departments in the Lesser Antilles, are also called the 
French West Indies, French Antilles, or Antilles françaises 256, 293, 
315, 337, 352, 353, 371, 398, 433, 631, 821, 854, 885, 886, 888, 
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943, 1000, 1077, 1106, 1835, 2161, 2260, 2507, 2549, 2732

Latin America–Caribbean–Netherlands Dependencies–Netherlands 
Antilles, and Aruba–Curaçao (Curacao), Bonaire, Saba, St. 
Eustatius, and St. Maarten (Shared with France as St.-Martin). 
Aruba was part of Netherlands Antilles until 1986 337

Latin America–Caribbean or West Indies (General) 181, 256, 266, 
267, 268, 269

Latin America–Caribbean–Puerto Rico, Commonwealth of (A Self-
Governing Part of the USA; Named Porto Rico until 1932) 185, 
716, 731, 1000, 2340

Latin America–Caribbean–Saint Kitts and Nevis, Federation of 
2507

Latin America–Caribbean–Trinidad and Tobago 371, 821, 854, 885, 
888, 943, 1000, 1077, 1106, 1288, 2161, 2260

Latin America–Central America–Belize (Named British Honduras 
from 1840 to about 1975, Belize before 1840) 1000, 1663, 2340

Latin America–Central America–Canal Zone including the Panama 
Canal (Opened 1914, Owned and Operated by the USA. Returned 
to Panama on 31 Dec. 1999) 748

Latin America–Central America–Costa Rica 185, 1000, 1280, 1336, 
1870, 2550

Latin America–Central America–El Salvador 1000, 1307, 1384

Latin America–Central America (General). Includes Mexico and 
Mesoamerica.. 461, 2736

Latin America–Central America–Guatemala 1000, 1132, 2340

Latin America–Central America–Honduras 1280, 1295, 2651, 2695, 
2852

Latin America–Central America–Introduction of Soybeans to. 
Earliest document seen concerning soybeans in a certain Central 
American country 1000, 1280, 1514

Latin America–Central America–Introduction of Soybeans to. 
Earliest document seen concerning soybeans or soyfoods in 
connection with (but not yet in) a certain Central American country 
185, 926

Latin America–Central America–Introduction of Soybeans to. 
Earliest document seen concerning the cultivation of soybeans in a 
certain Central American country 748, 1000, 1280, 1514

Latin America–Central America–Introduction of Soybeans to. This 
document contains the earliest date seen for soybeans in a certain 
Central American country 1280, 1514

Latin America–Central America–Introduction of Soybeans to. 
This document contains the earliest date seen for the cultivation of 
soybeans in a certain Central American country 748, 1280, 1514

Latin America–Central America–Mexico 181, 258, 317, 937, 1000, 
1099, 1290, 1524, 1653, 2150, 2340, 2366, 2380, 2676, 2762

Latin America–Central America–Mexico–Soy Ingredients Used in 
Mexican-Style Recipes, Food Products, or Dishes Worldwide 1373

Latin America–Central America–Nicaragua 926, 947, 1384, 1899, 
2023, 2072, 2529

Latin America–Central America–Panama 1514

Latin America (General) 1172, 1272, 2441, 2557

Latin America–South America–Argentina (Argentine Republic) 
380, 692, 1000, 1099, 1194, 1248, 1304, 1307, 1373, 1384, 1413, 
1427, 1688, 1691, 1692, 1696, 1745, 1783, 2268, 2366, 2380, 2557, 
2736, 2823, 2852

Latin America–South America–Argentina–Soybean Production, 
Area and Stocks–Statistics, Trends, and Analyses 1307, 1427, 1745

Latin America–South America–Bolivia 2380, 2664, 2667, 2670

Latin America–South America–Brazil, Federative Republic of 102, 
688, 936, 1000, 1203, 1291, 1307, 1342, 1353, 1359, 1373, 1396, 
1415, 1416, 1440, 1441, 1471, 1472, 1482, 1495, 1518, 1539, 1561, 
1587, 1588, 1608, 1625, 1635, 1636, 1646, 1656, 1657, 1667, 1676, 
1689, 1716, 1723, 1726, 1728, 1729, 1745, 1771, 1783, 1812, 1815, 
1822, 1839, 1840, 1841, 1845, 1865, 1870, 1873, 1935, 1982, 1990, 
2059, 2061, 2079, 2143, 2175, 2215, 2237, 2263, 2268, 2287, 2309, 
2345, 2348, 2476, 2491, 2500, 2502, 2595, 2637, 2647, 2687, 2688, 
2736, 2783, 2794, 2798, 2801, 2802, 2818, 2820, 2823, 2848, 2852, 
2877, 2878, 2884, 2902, 2963, 2989

Latin America–South America–Brazil–Soybean Production, Area 
and Stocks–Statistics, Trends, and Analyses 1518

Latin America–South America–Chile (Including Easter Island) 262, 
1000, 1078, 1763

Latin America–South America–Colombia 936, 947, 1000, 1382, 
1458, 1870, 1880, 2104, 2323, 2446

Latin America–South America–Ecuador (Including the Galapagos 
Islands. Formerly also called Equator, the English translation of the 
Spanish “Ecuador”) 1000, 1676, 1870

Latin America–South America–French Guiana (A French Overseas 
Department, Guyane or Guyane française, formerly occasionally 
called Cayenne) 1380, 2268, 2269, 2549

Latin America–South America (General) 696, 797, 928, 2350, 2380, 
2435

Latin America–South America–Guyana (British Guiana before 
1966) 181, 692, 888, 1000, 1288, 1782

Latin America–South America–Introduction of Soybeans to. 
Earliest document seen concerning soybeans in a certain South 
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American country 344, 821, 936

Latin America–South America–Introduction of Soybeans to. 
Earliest document seen concerning the cultivation of soybeans in a 
certain South American country 344, 936

Latin America–South America–Introduction of Soybeans to. This 
document contains the earliest date seen for soybeans in a certain 
South American country 380, 1373

Latin America–South America–Introduction of Soybeans to. This 
document contains the earliest date seen for the cultivation of 
soybeans in a certain South American country 380, 1373, 1427

Latin America–South America–Paraguay 1373, 1384, 1783

Latin America–South America–Peru 1000, 2380

Latin America–South America–Suriname (Also Surinam before 
1978; Dutch Guiana before 1975) 344, 1000, 1321, 1380

Latin America–South America–Trade (Imports or Exports) of 
Soybeans, Soy Oil, and / or Soybean Meal–Statistics. See also 
Trade (International) 1307

Latin America–South America–Uruguay, Oriental Republic of 971, 
1000, 1384

Latin America–South America–Venezuela 821, 854, 885, 886, 991, 
1120, 1727, 2393

Laucks (I.F.) Co. (Seattle, Washington). Founded by Irving Fink 
Laucks (3 July 1882 to 9 March 1981) 1290

Lea & Perrins. See Worcestershire Sauce

Leaf Proteins and Leaf Protein Concentrate (LPC) As Alternative 
Protein Sources 2069

Leaves of the soybean plant used as food. See Green Vegetable 
Soybeans–Leaves of the Soybean Plant Used as Food or Medicine

Lecithin–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 948, 1078

Lecithin, Non-Soy References, Usually Early or Medical, Often 
Concerning Egg Yolk or the Brain 244, 3002

Lecithin, Soy 692, 853, 909, 948, 960, 1000, 1078, 1109, 1111, 
1119, 1145, 1152, 1162, 1172, 1191, 1270, 1290, 1318, 1367, 1420, 
1458, 1474, 1521, 1806, 1925, 2550, 3002

Lecithin, Soy–Industrial Uses 1119, 1270, 1290

Lectins. See Hemagglutinins (Lectins or Soyin)

Legislative activities. See American Soybean Association (ASA)–
Legislative Activities

Lend-Lease (Program and Administration). U.S. Program to Send 

Key Supplies to Overseas Allies During World War II 1290

Lens culinaris or L. esculenta. See Lentils

Lentils. Lens culinaris. Formerly: Lens esculenta and Ervum lens 
71, 181, 656, 657, 928, 1882, 2194, 2380, 2619

Lever Brothers Co. See Unilever Corp.

Li Yü-ying (Li Yu-ying; Courtesy Name: Li Shizeng (pinyin), Li 
Shih-tseng (W.-G.); Chinese Soyfoods Pioneer in France; born 
1881 in Peking, died 1973 in Taipei, Taiwan) and Usine de la 
Caséo-Sojaïne (Les Vallées, Colombes (near Asnières), a few miles 
northwest of Paris, and China) 247, 307, 339, 425, 505, 519, 656, 
657, 692, 1000, 1152, 1172, 1318, 1420, 1684

Libraries. See National Agricultural Library (NAL, Beltsville, 
Maryland)

Libraries with a Signifi cant Interest in Soy 2184, 2237

Lighting by burning soy oil. See Illumination or Lighting by 
Burning Soy Oil in Wicked Oil Lamps Like Kerosene

Lima Bean or Limas. Phaseolus limensis. Formerly: Phaseolus 
lunatus. Also called Butter Bean 293, 407, 446, 486, 498, 530, 544, 
589, 743, 781, 960, 1075, 1084, 1237, 1254, 1329, 1420, 1510, 
1634, 2070

Linoleum, Floor Coverings, Oilcloth, and Waterproof Goods–
Industrial Uses of Soy Oil as a Drying Oil 425, 508, 530, 595, 615, 
631, 696, 744, 800, 824, 980, 1000, 1044, 1086, 1367, 1407, 1615, 
2753

Linseed Oil, Linseed Cake / Meal, Lintseed, or the Flax / Flaxseed 
Plant (Linum usitatissimum L.) 49, 68, 124, 147, 217, 225, 244, 
300, 311, 313, 318, 369, 373, 380, 397, 403, 410, 425, 440, 466, 
555, 582, 595, 602, 729, 747, 772, 824, 847, 933, 982, 987, 1085, 
1086, 1105, 1292, 1340, 1543, 2357, 2659

Lipid and Fatty Acid Composition of Soybeans (Seeds or Plant), 
or Soybean Products (Including Soy Oil), and Lipids in the Human 
Diet 34, 45, 49, 306, 338, 383, 482, 532, 535, 568, 607, 608, 620, 
773, 909, 1240, 1304, 1730

Lists and Descriptions (Offi cial and / or Extensive) of Early U.S. 
Soybean Varieties with Their P.I. Numbers and Synonyms 257, 530, 
692, 797, 1084, 1099, 1350, 1351

Loma Linda Foods (Riverside, California). Named La Loma Foods 
from Feb. 1989 to Jan. 1990. Acquired by Worthington Foods in 
Jan. 1990 1290

Los Angeles–City and County–Work with Soyfoods, Natural / 
Health Foods, and / or Vegetarianism 109, 129

Low cost extrusion cookers. See Extruders and Extrusion Cooking: 
Low Cost Extrusion Cookers (LECs)

Lubricants, Lubricating Agents, and Axle Grease for Carts–
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Industrial Uses of Soy Oil as a Non-Drying Oil 296, 508, 530, 534, 
554, 696, 853, 1813

Lucerne / lucern. See Alfalfa or Lucerne

Lupins or Lupin (Also spelled Lupine, Lupines, Lupinseed; Lupinus 
albus, L. angustifolius, L. luteus, L. mutabilis) 5, 6, 7, 8, 15, 17, 19, 
23, 24, 27, 33, 59, 60, 75, 91, 92, 100, 111, 121, 133, 165, 181, 213, 
244, 264, 289, 318, 393, 401, 493, 716, 743, 781, 1045, 1374, 1384, 
1428, 1441, 1542, 2194, 2247, 2271

Machinery (Agricultural), Implements, Equipment, and 
Mechanization (Binders, Cultivators, Cutters, Harvesters, Mowers, 
Pickers, Planters, Reapers, Separators, Thrashers, or Threshers). See 
also: Combines and Tractors 93, 133, 134, 137, 147, 164, 181, 182, 
199, 210, 228, 236, 257, 275, 306, 325, 326, 327, 332, 335, 339, 
343, 385, 386, 387, 388, 406, 415, 416, 417, 442, 453, 456, 460, 
461, 466, 472, 473, 482, 489, 490, 491, 495, 513, 515, 517, 518, 
521, 526, 530, 543, 560, 561, 563, 566, 582, 583, 594, 595, 602, 
626, 632, 633, 634, 643, 647, 649, 650, 655, 660, 661, 665, 667, 
672, 676, 677, 696, 707, 725, 727, 762, 765, 767, 769, 775, 797, 
799, 841, 842, 887, 908, 910, 1037, 1084, 1097, 1189, 1200, 1272, 
1295, 1320, 1326, 1338, 1355, 1387, 1397, 1518, 1566, 1570, 1671, 
1829, 2149, 2262, 2417, 2799

Machinery, farm. See Combines

Macrobiotics. See also: George Ohsawa, Michio and Aveline Kushi, 
Herman and Cornellia Aihara 1925

Madison Foods and Madison College (Madison, Tennessee). 
Madison Foods (Then a Subsidiary of Nutritional Corp.) Was 
Acquired by Worthington Foods in Aug. 1964 1290, 1420

Maize. See Corn / Maize

Malnutrition, hunger, famine, and food shortages. See Hunger, 
Malnutrition, Famine, Food Shortages, and Mortality

Mammoth Yellow soybean variety. See Soybean Varieties USA–
Mammoth Yellow

Manchu soybean variety. See Soybean Varieties USA–Manchu

Manchuria. See Asia, East–Manchuria

Manchuria–Trade (Imports or Exports) of Soybeans, Soy Oil, and / 
or Soybean Meal–Statistics. See also Trade (International) 296

Map / Maps 137, 296, 325, 339, 530, 696, 715, 859, 933, 955, 1172, 
1304, 1334, 1340, 1350, 1355, 1365, 1391, 1570, 1632, 1649, 1822, 
1908, 2150, 2293, 2366, 2411, 2684, 2715, 2726, 2736, 2790

Maple Leaf Foods. See CanAmera Foods (Hamilton, Ontario, 
Canada)

Maple Leaf Monarch or Maple Leaf Mills. See ADM Agri-
Industries Ltd. (Windsor, Ontario, Canada)

Margarine 468, 692, 910, 960, 980, 987, 1000, 1115, 1290, 1420, 

1822, 1911

Margarine Made with Soy 258, 295, 296, 317, 530, 534, 697, 824, 
1086, 1340

Market statistics. See the specifi c product concerned, e.g. Tofu 
Industry and Market Statistics

Market statistics on soybean production. See Soybean Production 
and Trade–Industry and Market Statistics,

Marketing Association, Soybean. See Soybean Marketing 
Association (1929-1932)

Marketing soybeans. See Chicago Board of Trade

Marketing Soybeans, Market Development, and Economics 
(Including Futures Markets, Hedging, and Mathematical Models) 
425, 499, 667, 763, 805, 824, 826, 838, 847, 987, 1140, 1172, 1397, 
1454, 1460, 1619, 1622, 1651, 1671, 1732, 1772, 1783, 1786, 1806, 
2147, 2244, 2357, 2482, 2490, 2502, 2736, 2794

Markets and Crop Estimates, Bureau of. See United States 
Department of Agriculture (USDA)–Bureau of Agricultural 
Economics

Massachusetts. See United States–States–Massachusetts

Maturity groups. See Soybean–Physiology and Biochemistry–
Maturity Groups

Mauritius. See Africa–Mauritius (Ile Maurice)

Meal or cake, soybean. See Soybean Meal

Meals for Millions Foundation (Los Angeles, California), Multi-
Purpose Food (MPF), and Freedom from Hunger 1420, 1543, 1772, 
1810, 2147, 2398, 3002

Meat Alternatives–Beef Alternatives, Including Meatless Beef 
Jerky, Chili Con Carne, Goulash, Lasagna, Meat Balls, Mince, 
Mincemeat, Sloppy Joes, Spaghetti Sauce, Steak, Veal, etc. See also 
Meatless Burgers 926

Meat Alternatives–Documents About (Meatlike Meatless Meat, 
Poultry, or Fish / Seafood Analogs. See Also Meat Extenders) 1290, 
2503

Meat Alternatives–General and Other Meatless Meatlike Products. 
See Also Meat Extenders 977, 1822, 2435

Meat Alternatives–Meatless Bacon, Bacon Bits, Ham, Chorizo, and 
Other Pork-related Products. See also Meatless Sausages 656, 657, 
1822

Meat Alternatives–Meatless Burgers and Patties. See Also Meat 
Extenders 1420, 2164

Meat Alternatives–Meatless Sausages (Including Frankfurters, Hot 
Dogs, Wieners, Salami, Pepperoni, Breakfast Pork Sausage, etc.). 
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See Also Meat Extenders 339

Meat Products Extended with Soy Protein, or Meat Extenders 
(Marketed as Such) 853, 1078

Media–Earliest Articles on Soy in Major Magazines and 
Newspapers 1510

Media, Popular Articles on Soyfoods in Europe, or Related to 
Europeans in Asia 833

Media, Popular Articles on Soyfoods in the USA, Canada, or 
Related to North Americans in Asia 987, 1254, 1510, 1634, 2116, 
2252

Medical aspects of soybeans. See Diabetes and Diabetic Diets

Medical aspects of vegetarian diets. See Vegetarian Diets–Medical 
Aspects

Meharry, Charles Leo (1885-1937), the A.P. Meharry Farms (One 
Near Tolono, Champaign County, Illinois, and Three in Indiana), 
and William E. Riegel, Meharry Farm Manager and Independent 
Soybean Grower in Tolono, Illinois 492, 509, 521, 549, 583, 602, 
611, 613, 654, 660, 672, 764, 765, 766, 767, 768, 776, 790, 808, 
842, 873, 874, 877, 2180

Mesoamerica. See Latin America–Central America

Messina, Mark (PhD) and Virginia (MPH, RD) (Nutrition Matters, 
Inc., Port Townsend, Washington state). World’s leading expert on 
soy nutrition 2605

Mexican-style recipes, soyfoods used in. See Latin America, Central 
America–Mexico

Mexico. See Latin America, Central America–Mexico

Meyer, Frank N. (1875-1918). USDA Plant Explorer in Asia 197, 
250, 431, 696, 1074, 1075, 1338, 2258

Michigan. See United States–States–Michigan

Microbiology and Bacteriology–History of Early Discoveries 101, 
140, 245, 294, 2663

Microbiology and fermentation. See Fermented Soyfoods and Their 
Fermentation

Microscopic analysis and microscopy. See Soybean–Morphology, 
Structure, and Anatomy of the Plant and Its Seeds as Determined by 
Microscopy or Microscopic Examination

Middle America. See Latin America–Central America; and Latin 
America–Caribbean or West Indies, Latin America, Central 
America, and Latin America, Caribbean or West Indies

Miles Laboratories. See Worthington Foods, Inc. (Worthington, 
Ohio)

Milk, coconut / cocoanut. See Coconut Milk and Cream

Milk, soy. See Soymilk

Miller, Harry W. (M.D.) (1879-1977) and International Nutrition 
Laboratory (Mt. Vernon, Ohio) 1290, 1420, 2284

Minerals. See Calcium Availability, Absorption, and Content of Soy

Minerals (General) 339, 692, 1420, 1772, 2147

Minnesota. See United States–States–Minnesota

Miso–Imports, Exports, International Trade 246

Miso–Indonesian-style. See Tauco–Indonesian-Style Fermented 
Soybean Paste

Miso Industry and Market Statistics, Trends, and Analyses–By 
Geographical Region 246

Miso (Japanese-style Soybean Paste). See also: Jiang–for Chinese-
style Miso. Jang–for Korean-style Miso. And Taucho, Tauceo, Tau 
Chiow, Taoco, Tao-Tjo, Taotjo, Taocho, or Taoetjo for Indonesian-
style Miso (Soybean Chiang, or Jiang [pinyin]) 59, 82, 101, 112, 
246, 250, 294, 295, 318, 384, 468, 505, 580, 675, 692, 697, 712, 
716, 801, 865, 870, 911, 1000, 1004, 1041, 1042, 1142, 1199, 1270, 
1291, 1329, 1772, 1937, 2010, 2116, 2147, 2164, 2197, 2199, 2295, 
2435, 2524, 2600, 2651, 2695, 2714

Miso, soybean–Chinese-Style. See Jiang–Chinese-Style Fermented 
Soybean Paste

Miso, soybean–Korean-style. See Jang–Korean-Style Fermented 
Soybean Paste

Missouri. See United States–States–Missouri

Mitsui & Co., Ltd. (Mitsui Bussan Kaisha, Japanese Trading Co., 
founded 1876) 1041

Molasses, soy. See Soy Molasses or Soy Solubles

Moldavia. See Europe, Eastern–Moldova

Monosodium glutamate. See MSG

Monsanto Co. (St. Louis, Missouri) and its HybriTech Seed 
International subsidiary. Acquired Jacob Hartz Seed Co. in April 
1983. Acquired Asgrow in April Feb. 1997. Merged with Pharmacia 
& Upjohn on 31 March 2000 and was renamed Pharmacia Corp 
2417, 2437, 2823

Morphology, soybean. See Soybean–Morphology, Structure, 
Anatomy, Soybean–Morphology, Structure, and Anatomy

Morrill Act. See Land-Grant Colleges and Universities, and Their 
Origin with the Land

Morse, William Joseph (1884-1959, USDA Soybean Expert) 243, 
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303, 304, 309, 335, 337, 368, 407, 408, 420, 421, 443, 486, 506, 
512, 530, 533, 544, 574, 588, 654, 666, 678, 680, 692, 694, 696, 
697, 734, 735, 736, 741, 745, 746, 761, 764, 765, 766, 768, 782, 
783, 797, 800, 865, 870, 882, 889, 937, 960, 1003, 1065, 1075, 
1084, 1099, 1119, 1203, 1232, 1234, 1236, 1257, 1311, 1338, 1349, 
1350, 1351, 1365, 1420, 1539, 1806, 1911, 2180, 2258, 2262, 2284, 
2588

Morse, W.J., on expedition to East Asia. See Tofu Dorsett-Morse 
Expedition to East Asia (1929-1931)

Motion Pictures or References to Motion Pictures. Also called 
Movies, Films, or Documentaries 767

Mottled, speckled, or spotted soybeans. See Soybean Seeds–
Mottled

Movies or fi lms. See Motion Pictures

MSG (Monosodium Glutamate, the Sodium Salt of Glutamic Acid) 
1420

Mucuna pruriens. See Velvet Bean

Mung Bean / Mungbean and Mung Bean Sprouts. Vigna radiata 
L. Formerly Phaseolus aureus. Also called Green Gram. Chinese 
(Mandarin)–Lüdou. Chinese (Cantonese)–Dau Ngah / Dow Ngaah. 
Japanese–Moyashi. Indonesian: Kacang / katjang + hijau / ijo / 
hidjau. German–Buschbohne. French–Haricot Mungo 63, 303, 393, 
656, 657, 696, 697, 1042, 1199, 1365, 1669, 2040, 2051, 2070, 
2184, 2276, 2283, 2330, 2444, 2446

Mycorrhiza. See Soybean–Physiology–Mycorrhiza / Mycorrhizal 
Relations

Myths of soybean history–debunking / dispelling. See History of the 
Soybean–Myths and Early Errors Concerning Its History

Names for soybeans–Fanciful. See Soybean Terminology and 
Nomenclature–Fanciful Terms and Names

Naphtha solvents for extraction. See Solvents

Nashville Agricultural and Normal Institute (NANI). See Madison 
Foods and Madison College

National Agricultural Library (USDA, Beltsville, Maryland) 119, 
174, 181, 217, 322, 351, 355, 695, 1267, 2339, 2377

National Agricultural Library (USDA, NAL, Beltsville, Maryland) 
695, 2254, 2611

National Center for Agricultural Utilization Research (NCAUR) 
(USDA-ARS) (Peoria, Illinois). Named Northern Regional 
Research Laboratory prior to July 1976. Named Northern Regional 
Research Center prior to 28 Dec. 1991 1301, 1347, 1474, 1772, 
1781, 2147, 2197, 2199, 2258, 2284

National Food Research Institute (NFRI) (Tsukuba, Ibaraki-ken, 
Japan) 2808

National Oilseed Processors Assoc. (NOPA) (National Soybean 
Oil Manufacturers Association from May 1930 to 1935; National 
Soybean Processors Assoc. (NSPA) from June 1936 to July 1989. 
Washington, DC. Including Soy Flour Assoc. [1936-1949], Soya 
Food Research Council [1936+], and Soybean Nutritional Research 
Council [1937+]) 1066, 1067, 1290, 1349, 2180

National Soybean Crop Improvement Council. Organized March 
1948 1911, 2001, 2180

National Soybean Research Laboratory (NSRL, University of 
Illinois, Urbana, Illinois) 2865

Natto–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 245, 712, 2124, 2396

Natto from Nepal. See Kinema

Natto, Hamana. See Hamanatto Fermented Black Soybeans–from 
Japan

Natto Production–How to Make Natto on a Commercial Scale 82

Natto–Soybean Dawadawa (From West Africa). Also called Dawa-
dawa, Dadawa, Daddawa, Iru, Local Maggi, Ogiri, Soumbala / 
Soumbara / Sumbala, or Tonou 1316, 2396, 2502, 2513

Natto (Whole Soybeans Fermented with Bacillus natto) 82, 101, 
245, 294, 295, 318, 339, 505, 612, 656, 657, 692, 697, 712, 853, 
972, 1004, 1041, 1142, 1199, 1316, 1772, 2116, 2124, 2147, 2396, 
2435, 2439, 2502, 2513, 2524, 2600, 2651, 2659, 2695, 2714, 2736

Natural Foods Distributors and Master Distributors (USA). See 
Erewhon (Boston, Massachusetts)

Near East. See Asia, Middle East

Nematodes–Disease Control (Nematodes). Early Called Eelworms 
/ Eel-Worms or Gallworms / Gall-Worms that Caused Root-Knot 
or Root-Gall 76, 233, 238, 244, 303, 310, 393, 394, 523, 530, 535, 
570, 692, 696, 740, 797, 882, 1229, 1242, 1359, 1365, 1472, 1539, 
1568, 1595, 1618, 1619, 1620, 1738, 1781, 1796, 1806, 1911, 2001, 
2064, 2149, 2204, 2237, 2250, 2273, 2274, 2286, 2294, 2325, 2327, 
2381, 2441, 2489, 2549, 2557, 2677, 2692, 2802, 2922, 2941, 2988

Neonotonia wightii (Also called Rhodesian Kudzu Vine, Perennial 
Soybean, or Soja perene / Soya Perenne; Formerly Glycine javanica
or Glycine wightii) 1384, 1428, 1677, 1859, 2221, 2271

Nestlé (Nestle–The World’s Biggest Food Group) 1041

Netherlands. See Europe, Western–Netherlands

New Caledonia (French Territory of). See Oceania–Pacifi c Ocean 
Islands that are Part of France–Territory of New Caledonia and 
Dependencies

New York. See United States–States–New York
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New York State Agric. Experiment Station (Geneva, NY). See 
Cornell University (Ithaca, New York)

New Zealand. See Oceania–New Zealand

Nigeria. See Africa–Nigeria

Nisshin Oil Mills, Ltd. (Tokyo, Japan) 296, 534

Nitragin Inoculant and The Nitragin Company 81, 83, 86, 88, 89, 
92, 95, 97, 100, 111, 114, 121, 122, 140, 165, 166, 167, 179, 185, 
215, 234, 244, 245, 264, 268, 269, 289, 311, 324, 356, 372, 406, 
457, 462, 505, 625, 704, 751, 810, 830, 965, 989, 1021, 1028, 1029, 
1062, 1091, 1103, 1125, 1128, 1135, 1139, 1147, 1148, 1152, 1156, 
1158, 1159, 1163, 1212, 1218, 1224, 1226, 1255, 1285, 1306, 1313, 
1331, 1335, 1377, 1396, 1403, 1412, 1420, 1506, 1567, 1582, 1586, 
1634, 1736, 1746, 1761, 1781, 1801, 1830, 1876, 1883, 1914, 1921, 
1927, 2021, 2084, 2087, 2205, 2226, 2240, 2249, 2329, 2395, 2565, 
2566, 2632, 2759, 2790, 2873

Nitrogen Fixation in Nodules on Roots of Legumes, Inoculum, 
Inoculation, and Nodulation by Bacteria–Early History–Soy Is Not 
Mentioned 3, 4, 5, 6, 7, 8, 9, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 28, 30, 31, 32, 35, 36, 37, 39, 40, 41, 42, 44, 46, 47, 
50, 53, 54, 64, 65, 66, 72, 73, 74, 75, 77, 80, 81, 83, 86, 88, 89, 100, 
114, 125, 136, 142, 201, 203, 204, 223, 261, 289, 298, 364, 537, 
658, 695, 945, 1178, 1317, 1324, 1428, 1455, 1490, 1537, 1538, 
1575, 1616, 1624, 1666, 1677, 1859, 2221, 2928

Nitrogen Fixation, Inoculum, Inoculation, and Nodulation by 
Rhizobium Bacteria 1, 2, 11, 12, 26, 27, 29, 33, 34, 38, 43, 45, 48, 
49, 51, 52, 55, 56, 57, 58, 59, 60, 61, 62, 63, 67, 68, 69, 70, 71, 76, 
78, 79, 82, 84, 85, 87, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 101, 
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 115, 
116, 117, 118, 119, 120, 121, 122, 123, 124, 126, 127, 128, 129, 
130, 131, 132, 133, 134, 135, 137, 138, 139, 140, 141, 143, 144, 
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 
158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 
171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 
197, 198, 199, 200, 202, 205, 206, 207, 208, 209, 210, 211, 212, 
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 224, 225, 226, 
227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 
240, 241, 242, 243, 245, 246, 247, 248, 249, 250, 251, 252, 253, 
254, 255, 256, 257, 258, 259, 260, 262, 263, 264, 265, 266, 267, 
268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 
281, 282, 283, 284, 285, 286, 287, 288, 290, 291, 292, 293, 294, 
295, 296, 297, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 
309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 
322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 
335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 
348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 
361, 362, 363, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 
375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 
388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 
401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 
414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 
427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 
440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 
453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 

466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 
492, 493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503, 504, 
505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516, 517, 
518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 
531, 532, 533, 534, 535, 536, 538, 539, 540, 541, 542, 543, 544, 
545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 556, 557, 
558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 
571, 572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 
584, 585, 586, 587, 588, 589, 590, 591, 592, 593, 594, 595, 596, 
597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 
610, 611, 612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 
623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633, 634, 635, 
636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 
649, 650, 651, 652, 653, 654, 655, 656, 657, 659, 660, 661, 662, 
663, 664, 665, 666, 667, 668, 669, 670, 671, 672, 673, 674, 675, 
676, 677, 678, 679, 680, 681, 682, 683, 684, 685, 686, 687, 688, 
689, 690, 691, 692, 693, 694, 696, 697, 698, 699, 700, 701, 702, 
703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 713, 714, 715, 
716, 717, 718, 719, 720, 721, 722, 723, 724, 725, 726, 727, 728, 
729, 730, 731, 732, 733, 734, 735, 736, 737, 738, 739, 740, 741, 
742, 743, 744, 745, 746, 747, 748, 749, 750, 751, 752, 753, 754, 
755, 756, 757, 758, 759, 760, 762, 763, 764, 765, 766, 767, 768, 
769, 770, 771, 772, 773, 774, 775, 776, 777, 778, 779, 780, 781, 
782, 783, 784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 
795, 796, 797, 798, 799, 800, 801, 802, 803, 804, 805, 806, 807, 
808, 809, 810, 811, 812, 813, 814, 815, 816, 817, 818, 819, 820, 
821, 822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 
834, 835, 836, 837, 838, 839, 840, 841, 842, 843, 844, 845, 846, 
847, 848, 849, 850, 851, 852, 853, 854, 855, 856, 857, 858, 859, 
860, 861, 862, 863, 864, 865, 866, 867, 868, 869, 870, 871, 872, 
873, 874, 876, 877, 878, 879, 880, 881, 882, 883, 884, 885, 886, 
887, 888, 889, 890, 891, 892, 893, 894, 895, 896, 897, 898, 899, 
900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 
913, 914, 915, 916, 917, 918, 919, 920, 921, 922, 923, 924, 925, 
926, 927, 928, 929, 930, 931, 932, 933, 934, 935, 936, 937, 938, 
939, 940, 941, 942, 943, 944, 946, 947, 948, 949, 950, 951, 952, 
953, 954, 955, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 
966, 967, 968, 969, 970, 971, 972, 973, 974, 975, 976, 977, 978, 
979, 980, 981, 982, 983, 984, 985, 986, 987, 988, 989, 990, 991, 
992, 993, 994, 995, 996, 997, 998, 999, 1000, 1001, 1002, 1003, 
1004, 1005, 1006, 1007, 1008, 1009, 1010, 1011, 1012, 1013, 1014, 
1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025, 
1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 
1037, 1038, 1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 
1048, 1049, 1050, 1051, 1052, 1053, 1054, 1055, 1056, 1057, 1058, 
1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068, 1069, 
1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 
1081, 1082, 1083, 1084, 1085, 1086, 1087, 1088, 1089, 1090, 1091, 
1092, 1093, 1094, 1095, 1096, 1097, 1098, 1099, 1100, 1101, 1102, 
1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, 
1114, 1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 
1125, 1126, 1127, 1128, 1129, 1130, 1131, 1132, 1133, 1134, 1135, 
1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144, 1145, 1146, 
1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 
1158, 1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 
1169, 1170, 1171, 1172, 1173, 1174, 1175, 1176, 1177, 1179, 1180, 
1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189, 1190, 1191, 
1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 
1203, 1204, 1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 
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1214, 1215, 1216, 1217, 1218, 1219, 1220, 1221, 1222, 1223, 1224, 
1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234, 1235, 
1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 
1247, 1248, 1249, 1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 
1258, 1259, 1260, 1261, 1262, 1263, 1264, 1265, 1266, 1267, 1268, 
1269, 1270, 1271, 1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279, 
1280, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 
1291, 1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 
1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 
1313, 1314, 1315, 1316, 1318, 1319, 1320, 1321, 1322, 1323, 1325, 
1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 
1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1345, 1346, 1347, 
1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 
1359, 1360, 1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 
1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 
1381, 1382, 1383, 1384, 1385, 1386, 1387, 1388, 1389, 1390, 1391, 
1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399, 1400, 1401, 1402, 
1403, 1404, 1405, 1406, 1407, 1408, 1409, 1410, 1411, 1412, 1413, 
1414, 1415, 1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 
1425, 1426, 1427, 1429, 1430, 1431, 1432, 1433, 1434, 1435, 1436, 
1437, 1438, 1439, 1440, 1441, 1442, 1444, 1445, 1446, 1447, 1448, 
1449, 1450, 1451, 1452, 1453, 1454, 1456, 1457, 1458, 1459, 1460, 
1461, 1462, 1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 
1472, 1473, 1474, 1475, 1476, 1477, 1478, 1479, 1480, 1481, 1482, 
1483, 1484, 1485, 1486, 1487, 1488, 1489, 1491, 1492, 1493, 1494, 
1495, 1496, 1497, 1498, 1499, 1500, 1501, 1502, 1503, 1504, 1505, 
1506, 1507, 1508, 1509, 1510, 1511, 1512, 1514, 1515, 1516, 1517, 
1518, 1519, 1520, 1521, 1522, 1523, 1524, 1525, 1527, 1528, 1529, 
1530, 1531, 1532, 1533, 1534, 1535, 1536, 1539, 1540, 1541, 1542, 
1543, 1544, 1545, 1546, 1547, 1548, 1549, 1550, 1551, 1552, 1553, 
1554, 1555, 1556, 1557, 1558, 1559, 1560, 1561, 1562, 1563, 1564, 
1565, 1566, 1567, 1568, 1569, 1570, 1571, 1572, 1573, 1574, 1576, 
1577, 1578, 1579, 1580, 1581, 1582, 1583, 1584, 1585, 1586, 1587, 
1588, 1589, 1590, 1591, 1592, 1593, 1594, 1595, 1596, 1597, 1598, 
1599, 1600, 1601, 1602, 1603, 1604, 1605, 1606, 1607, 1608, 1609, 
1610, 1611, 1612, 1613, 1614, 1615, 1617, 1618, 1619, 1620, 1621, 
1622, 1623, 1625, 1626, 1627, 1628, 1629, 1630, 1631, 1632, 1633, 
1634, 1635, 1636, 1637, 1638, 1639, 1640, 1641, 1642, 1643, 1644, 
1645, 1646, 1647, 1648, 1649, 1650, 1651, 1652, 1653, 1654, 1655, 
1656, 1657, 1658, 1659, 1660, 1661, 1662, 1663, 1664, 1665, 1667, 
1668, 1669, 1670, 1671, 1672, 1673, 1674, 1675, 1676, 1678, 1679, 
1680, 1681, 1682, 1683, 1684, 1685, 1686, 1687, 1688, 1689, 1690, 
1691, 1692, 1693, 1694, 1695, 1696, 1697, 1698, 1699, 1700, 1701, 
1702, 1703, 1704, 1705, 1706, 1707, 1708, 1709, 1710, 1711, 1712, 
1713, 1714, 1715, 1716, 1717, 1718, 1719, 1720, 1721, 1722, 1723, 
1724, 1725, 1726, 1727, 1728, 1729, 1730, 1731, 1732, 1733, 1734, 
1735, 1736, 1737, 1738, 1739, 1740, 1741, 1742, 1743, 1744, 1745, 
1746, 1747, 1748, 1749, 1750, 1751, 1752, 1753, 1754, 1755, 1756, 
1757, 1758, 1759, 1760, 1761, 1762, 1763, 1764, 1765, 1766, 1767, 
1768, 1769, 1770, 1771, 1772, 1773, 1774, 1775, 1776, 1777, 1778, 
1779, 1780, 1781, 1782, 1783, 1784, 1785, 1786, 1787, 1788, 1789, 
1790, 1791, 1792, 1793, 1794, 1795, 1796, 1797, 1798, 1799, 1800, 
1801, 1802, 1803, 1804, 1805, 1806, 1807, 1808, 1809, 1810, 1811, 
1812, 1813, 1814, 1815, 1816, 1817, 1818, 1819, 1820, 1821, 1822, 
1823, 1824, 1825, 1826, 1827, 1828, 1829, 1830, 1831, 1832, 1833, 
1834, 1835, 1836, 1837, 1838, 1839, 1840, 1841, 1842, 1843, 1844, 
1845, 1846, 1847, 1848, 1849, 1850, 1851, 1852, 1853, 1854, 1855, 
1856, 1857, 1858, 1860, 1861, 1862, 1863, 1864, 1865, 1866, 1867, 
1868, 1869, 1870, 1871, 1872, 1873, 1874, 1875, 1876, 1877, 1878, 
1879, 1880, 1881, 1882, 1883, 1884, 1885, 1886, 1887, 1888, 1889, 

1890, 1891, 1892, 1893, 1894, 1895, 1896, 1897, 1898, 1899, 1900, 
1901, 1902, 1903, 1904, 1905, 1906, 1907, 1908, 1909, 1910, 1911, 
1912, 1913, 1914, 1915, 1916, 1917, 1918, 1919, 1920, 1921, 1922, 
1923, 1924, 1925, 1926, 1927, 1928, 1929, 1930, 1931, 1932, 1933, 
1934, 1935, 1936, 1937, 1938, 1939, 1940, 1941, 1942, 1943, 1944, 
1945, 1946, 1947, 1948, 1949, 1950, 1951, 1952, 1953, 1954, 1955, 
1956, 1957, 1958, 1959, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 
1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 
1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 
1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 
2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 
2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020, 2021, 
2022, 2023, 2024, 2025, 2026, 2027, 2028, 2029, 2030, 2031, 2032, 
2033, 2034, 2035, 2036, 2037, 2038, 2039, 2040, 2041, 2042, 2043, 
2044, 2045, 2046, 2047, 2048, 2049, 2050, 2051, 2052, 2053, 2054, 
2055, 2056, 2057, 2058, 2059, 2060, 2061, 2062, 2063, 2064, 2065, 
2066, 2067, 2068, 2069, 2070, 2071, 2072, 2073, 2074, 2075, 2076, 
2077, 2078, 2079, 2080, 2081, 2082, 2083, 2084, 2085, 2086, 2087, 
2088, 2089, 2090, 2091, 2092, 2093, 2094, 2095, 2096, 2097, 2098, 
2099, 2100, 2101, 2102, 2103, 2104, 2105, 2106, 2107, 2108, 2109, 
2110, 2111, 2112, 2113, 2114, 2115, 2116, 2117, 2118, 2119, 2120, 
2121, 2122, 2123, 2124, 2125, 2126, 2127, 2128, 2129, 2130, 2131, 
2132, 2133, 2134, 2135, 2136, 2137, 2138, 2139, 2140, 2141, 2142, 
2143, 2144, 2145, 2146, 2147, 2148, 2149, 2150, 2151, 2152, 2153, 
2154, 2155, 2156, 2157, 2158, 2159, 2160, 2161, 2162, 2163, 2164, 
2165, 2166, 2167, 2168, 2169, 2170, 2171, 2172, 2173, 2174, 2175, 
2176, 2177, 2178, 2179, 2180, 2181, 2182, 2183, 2184, 2185, 2186, 
2187, 2188, 2189, 2190, 2191, 2192, 2193, 2194, 2195, 2196, 2197, 
2198, 2199, 2200, 2201, 2202, 2203, 2204, 2205, 2206, 2207, 2208, 
2209, 2210, 2211, 2212, 2213, 2214, 2215, 2216, 2217, 2218, 2219, 
2220, 2222, 2223, 2224, 2225, 2226, 2227, 2228, 2229, 2230, 2231, 
2232, 2233, 2234, 2235, 2236, 2237, 2238, 2239, 2240, 2241, 2242, 
2243, 2244, 2245, 2246, 2247, 2248, 2249, 2250, 2251, 2252, 2253, 
2254, 2255, 2256, 2257, 2258, 2259, 2260, 2261, 2262, 2263, 2264, 
2265, 2266, 2267, 2268, 2269, 2270, 2271, 2272, 2273, 2274, 2275, 
2276, 2277, 2278, 2279, 2280, 2281, 2282, 2283, 2284, 2285, 2286, 
2287, 2288, 2289, 2290, 2291, 2292, 2293, 2294, 2295, 2296, 2297, 
2298, 2299, 2300, 2301, 2302, 2303, 2304, 2305, 2306, 2307, 2308, 
2309, 2310, 2311, 2312, 2313, 2314, 2315, 2316, 2317, 2318, 2319, 
2320, 2321, 2322, 2323, 2324, 2325, 2326, 2327, 2328, 2329, 2330, 
2331, 2332, 2333, 2334, 2335, 2336, 2337, 2338, 2339, 2340, 2341, 
2342, 2343, 2344, 2345, 2346, 2347, 2348, 2349, 2350, 2351, 2352, 
2353, 2354, 2355, 2356, 2357, 2358, 2359, 2360, 2361, 2362, 2363, 
2364, 2365, 2366, 2367, 2368, 2369, 2370, 2371, 2372, 2373, 2374, 
2375, 2376, 2377, 2378, 2379, 2380, 2381, 2382, 2383, 2384, 2385, 
2386, 2387, 2388, 2389, 2390, 2391, 2392, 2393, 2394, 2395, 2396, 
2397, 2398, 2399, 2400, 2401, 2402, 2403, 2404, 2405, 2406, 2407, 
2408, 2409, 2410, 2411, 2412, 2413, 2414, 2415, 2416, 2417, 2418, 
2419, 2420, 2421, 2422, 2423, 2424, 2425, 2426, 2427, 2428, 2429, 
2430, 2431, 2432, 2433, 2434, 2435, 2436, 2437, 2438, 2439, 2440, 
2441, 2442, 2443, 2444, 2445, 2446, 2447, 2448, 2449, 2450, 2451, 
2452, 2453, 2454, 2455, 2456, 2457, 2458, 2459, 2460, 2461, 2462, 
2463, 2464, 2465, 2466, 2467, 2468, 2469, 2470, 2471, 2472, 2473, 
2474, 2475, 2476, 2477, 2478, 2479, 2480, 2481, 2482, 2483, 2484, 
2485, 2486, 2487, 2488, 2489, 2490, 2491, 2492, 2493, 2494, 2495, 
2496, 2497, 2498, 2499, 2500, 2501, 2502, 2503, 2504, 2505, 2506, 
2507, 2508, 2509, 2510, 2511, 2512, 2513, 2514, 2515, 2516, 2517, 
2518, 2519, 2520, 2521, 2522, 2523, 2524, 2525, 2526, 2527, 2528, 
2529, 2530, 2531, 2532, 2533, 2534, 2535, 2536, 2537, 2538, 2539, 
2540, 2541, 2542, 2543, 2544, 2545, 2546, 2547, 2548, 2549, 2550, 
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2551, 2552, 2553, 2554, 2555, 2556, 2557, 2558, 2559, 2560, 2561, 
2562, 2563, 2564, 2565, 2566, 2567, 2568, 2569, 2570, 2571, 2572, 
2573, 2574, 2575, 2576, 2577, 2578, 2579, 2580, 2581, 2582, 2583, 
2584, 2585, 2586, 2587, 2588, 2589, 2590, 2591, 2592, 2593, 2594, 
2595, 2596, 2597, 2598, 2599, 2600, 2601, 2602, 2603, 2604, 2605, 
2606, 2607, 2608, 2609, 2610, 2611, 2612, 2613, 2614, 2615, 2616, 
2617, 2618, 2619, 2620, 2621, 2622, 2623, 2624, 2625, 2626, 2627, 
2628, 2629, 2630, 2631, 2632, 2633, 2634, 2635, 2636, 2637, 2638, 
2639, 2640, 2641, 2642, 2643, 2644, 2645, 2646, 2647, 2648, 2649, 
2650, 2651, 2652, 2653, 2654, 2655, 2656, 2657, 2658, 2659, 2660, 
2661, 2662, 2663, 2664, 2665, 2666, 2667, 2668, 2669, 2670, 2671, 
2672, 2673, 2674, 2675, 2676, 2677, 2678, 2679, 2680, 2681, 2682, 
2683, 2684, 2685, 2686, 2687, 2688, 2689, 2690, 2691, 2692, 2693, 
2694, 2695, 2696, 2697, 2698, 2699, 2700, 2701, 2702, 2703, 2704, 
2705, 2706, 2707, 2708, 2709, 2710, 2711, 2712, 2713, 2714, 2715, 
2716, 2717, 2718, 2719, 2720, 2721, 2722, 2723, 2724, 2725, 2726, 
2727, 2728, 2729, 2730, 2731, 2732, 2733, 2734, 2735, 2736, 2737, 
2738, 2739, 2740, 2741, 2742, 2743, 2744, 2745, 2746, 2747, 2748, 
2749, 2750, 2751, 2752, 2753, 2754, 2755, 2756, 2757, 2758, 2759, 
2760, 2761, 2762, 2763, 2764, 2765, 2766, 2767, 2768, 2769, 2770, 
2771, 2772, 2773, 2774, 2775, 2776, 2777, 2778, 2779, 2780, 2781, 
2782, 2783, 2784, 2785, 2786, 2787, 2788, 2789, 2790, 2791, 2792, 
2793, 2794, 2795, 2796, 2797, 2798, 2799, 2800, 2801, 2802, 2803, 
2804, 2805, 2806, 2807, 2808, 2809, 2810, 2811, 2812, 2813, 2814, 
2815, 2816, 2817, 2818, 2819, 2820, 2821, 2822, 2823, 2824, 2825, 
2826, 2827, 2828, 2829, 2830, 2831, 2832, 2833, 2834, 2835, 2836, 
2837, 2838, 2839, 2840, 2841, 2842, 2843, 2844, 2845, 2846, 2847, 
2848, 2849, 2850, 2851, 2852, 2853, 2854, 2855, 2856, 2857, 2858, 
2859, 2860, 2861, 2862, 2863, 2864, 2865, 2866, 2867, 2868, 2869, 
2870, 2871, 2872, 2873, 2874, 2875, 2876, 2877, 2878, 2879, 2880, 
2881, 2882, 2883, 2884, 2885, 2886, 2887, 2888, 2889, 2890, 2891, 
2892, 2893, 2894, 2895, 2896, 2897, 2898, 2899, 2900, 2901, 2902, 
2903, 2904, 2905, 2906, 2907, 2908, 2909, 2910, 2911, 2912, 2913, 
2914, 2915, 2916, 2917, 2918, 2919, 2920, 2921, 2922, 2923, 2924, 
2925, 2926, 2927, 2929, 2930, 2931, 2932, 2933, 2934, 2935, 2936, 
2937, 2938, 2939, 2940, 2941, 2942, 2943, 2944, 2945, 2946, 2947, 
2948, 2949, 2950, 2951, 2952, 2953, 2954, 2955, 2956, 2957, 2958, 
2959, 2960, 2961, 2962, 2963, 2964, 2965, 2966, 2967, 2968, 2969, 
2970, 2971, 2972, 2973, 2974, 2975, 2976, 2977, 2978, 2979, 2980, 
2981, 2982, 2983, 2984, 2985, 2986, 2987, 2988, 2989, 2990, 2991, 
2992, 2993, 2994, 2995, 2996, 2997, 2998, 2999, 3000, 3001, 3002

Nitrogen Fixation, Inoculum, Inoculation, and Nodulation–
Etymology of Related Terms and Their Cognates 27, 33, 39, 40, 43, 
55, 56, 76, 92, 111, 129, 140, 159, 162, 166, 195, 216, 242, 294, 
389, 732, 788, 792, 1095, 1556, 1736, 2289

Nitrogen Fixing Cultures / Inoculants (Commercial and 
Noncommercial from government), of Rhizobium Bacteria for 
Soybeans (Culture / Inoculant / Inoculum / Inocula) 81, 86, 88, 89, 
92, 100, 111, 114, 121, 122, 140, 145, 165, 166, 167, 175, 176, 179, 
185, 186, 188, 195, 198, 199, 200, 202, 207, 211, 215, 234, 242, 
244, 245, 260, 264, 268, 269, 289, 311, 324, 346, 356, 358, 372, 
389, 406, 421, 454, 462, 505, 528, 577, 578, 596, 625, 662, 704, 
717, 743, 751, 761, 774, 810, 830, 849, 852, 858, 872, 875, 878, 
879, 887, 902, 905, 923, 954, 965, 966, 971, 989, 992, 1020, 1021, 
1025, 1028, 1029, 1039, 1058, 1061, 1062, 1064, 1072, 1073, 1089, 
1091, 1094, 1103, 1115, 1123, 1124, 1125, 1126, 1128, 1129, 1131, 
1135, 1138, 1139, 1147, 1148, 1152, 1156, 1158, 1159, 1160, 1163, 
1165, 1166, 1167, 1176, 1177, 1192, 1208, 1212, 1213, 1214, 1218, 

1224, 1226, 1227, 1255, 1261, 1278, 1283, 1284, 1285, 1286, 1287, 
1306, 1313, 1321, 1322, 1331, 1335, 1338, 1339, 1352, 1353, 1369, 
1370, 1377, 1396, 1403, 1411, 1412, 1420, 1424, 1436, 1443, 1470, 
1474, 1479, 1481, 1494, 1506, 1510, 1526, 1535, 1544, 1547, 1548, 
1552, 1557, 1565, 1567, 1578, 1582, 1610, 1623, 1634, 1647, 1670, 
1675, 1688, 1692, 1730, 1731, 1736, 1782, 1800, 1830, 1876, 1883, 
1920, 1921, 1956, 1967, 2010, 2026, 2052, 2056, 2079, 2108, 2158, 
2211, 2215, 2224, 2226, 2240, 2249, 2257, 2302, 2303, 2310, 2311, 
2323, 2329, 2330, 2340, 2367, 2368, 2387, 2395, 2407, 2411, 2446, 
2478, 2505, 2512, 2517, 2529, 2566, 2609, 2632, 2665, 2744, 2759, 
2790, 2800, 2873

Noblee & Thoerl GmbH (Hamburg, Germany) 505, 1140

Nodulation. See Nitrogen Fixation, Inoculum, Inoculation, and 
Nodulation by Rhizobium Bacteria

Nodules on roots of legumes. See Nitrogen Fixation or Soybean 
Production–Nitrogen Fixation

Nomenclature of Soybean Varieties–Standardization of and 
Confusion Concerning Names 241, 257, 530, 692, 797, 1084, 1099, 
1350, 1351

North America. See United States of America, and Canada. For 
Mexico, see Latin America, Central America

North Carolina. See United States–States–North Carolina

Northeast India. See Asia, South–India, Northeast / North-East. The 
Contiguous Seven Sister States and Sikkim

Northern Regional Research Center (NRRC) (Peoria, Illinois). See 
National Center for Agricultural Utilization Research (NCAUR) 
(USDA-ARS)

Northrup King Co. A subsidiary of Sandoz (1995), then Novartis 
(1996), then Syngenta (2001) 2632, 2677

No-till farming. See Soybean Cultural Practices–No Till Farming

Nutrition. See Carbohydrates (General). See also Starch, Dietary 
Fiber, and Oligosaccharides (Complex Sugars), Carbohydrates–
Dietary Fiber, Chemical / Nutritional Composition or Analysis, Diet 
and Breast Cancer Prevention, Flatulence or Intestinal Gas, Human 
Nutrition–Clinical Trials, Intestinal Flora / Bacteria, Lipid and Fatty 
Acid Composition of Soy, Minerals (General), Protein Quality, and 
Supplementation, Protein Resources and Shortages, and the “World 
Protein Crisis / Gap / Problem” of 1950-1979, Vitamins (General)

Nutrition–Acid-Base Balance in Diet and Health, or Individual 
Foods, or Acid-Alkaline Ash in Diet, or Acid-Forming and Base-
Forming Elements in Foods 977, 1290, 1420

Nutrition–Biologically active phytochemicals. See Phytic Acid, 
Phytates, and Phytin, Saponins, Trypsin / Protease / Proteinase 
Growth Inhibitors

Nutrition–Biologically Active Phytochemicals–Allergens, Allergy 
/ Allergies, and Allergic Reactions Caused (or Remedied) by 
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Soybeans, Soyfoods, Peanuts, or Animal Milks 2348, 2567

Nutrition–Biologically active substances. See Antinutritional 
Factors (General), Hemagglutinins (Lectins or Soyin)

Nutrition–Carbohydrates. See Oligosaccharides, Starch

Nutrition et Nature (Revel near Toulouse, France). Founded in June 
1982 as SOY (Cerny, France). Named Nutrition et Soja, Div. of 
Nutrition et Santé from 1 Aug. 1994 until 1 Jan. 2011 2584

Nutrition (General) 496, 1001, 1039, 1041, 1043, 1044, 1078, 1097, 
1204, 1307, 1373, 1440, 1813, 1925, 2001, 2164, 2227, 2441, 2557, 
2747

Nutrition, human, USDA bureau of. See United States Department 
of Agriculture (USDA)–Bureau of Human Nutrition and Home 
Economics

Nutrition–Lipids. See Sterols or Steroid Hormones

Nutrition–Medical Aspects. See Cancer Preventing Substances in 
Soy, Diabetes and Diabetic Diets

Nutrition–Minerals. See Calcium Availability, Absorption, and 
Content of Soy

Nutrition–Protein. See Amino Acids and Amino Acid Composition 
and Content

Nutrition–Protein–Early and basic research. See Protein–Early and 
Basic Research

Nutritional aspects of vegetarian diets. See Vegetarian and Vegan 
Diets–Nutrition / Nutritional Aspects

Nuts made from roasted soybeans. See Soynuts

Obituaries, Eulogies, Death Certifi cates, and Wills. See Also: 
Biographies, Biographical Sketches and Autobiographies 72, 837, 
1552, 1553, 1554, 1555, 1557, 2970

Oceania–Atlantic Ocean Islands that are Part of the United 
Kingdom–Ascension (in south Atlantic), British Antarctic Territory 
(Including South Shetland Islands and South Orkney Islands in 
south Atlantic), Channel Islands (in English Channel), Falkland 
Islands {or Islas Malvinas} and Dependencies (in south Atlantic), 
Isle of Man (in Irish Sea), South Georgia Islands (in South 
Atlantic), St. Helena (1,200 miles off the west coast of Africa) 979

Oceania–Australia, Commonwealth of (Including Tasmania, Cocos 
(Keeling) Islands, Christmas Island, Coral Sea Islands Territory, 
Norfolk Island, Territory of Ashmore and Cartier Islands, and 
Australian Antarctic Territory) 131, 185, 216, 288, 299, 302, 309, 
336, 338, 344, 363, 365, 428, 686, 692, 853, 941, 959, 988, 1000, 
1001, 1041, 1043, 1119, 1210, 1239, 1305, 1317, 1320, 1324, 1327, 
1365, 1381, 1384, 1399, 1408, 1444, 1447, 1470, 1476, 1484, 1489, 
1490, 1494, 1496, 1502, 1503, 1504, 1511, 1512, 1525, 1531, 1534, 
1536, 1545, 1549, 1560, 1562, 1563, 1579, 1590, 1598, 1617, 1639, 
1652, 1662, 1676, 1677, 1681, 1721, 1760, 1762, 1775, 1824, 1825, 

1826, 1894, 1904, 1908, 1913, 1928, 1980, 1981, 1984, 2005, 2054, 
2056, 2057, 2067, 2077, 2079, 2137, 2165, 2168, 2190, 2193, 2196, 
2228, 2306, 2408, 2409, 2410, 2412, 2435, 2440, 2445, 2446, 2449, 
2450, 2462, 2476, 2510, 2538, 2548, 2564, 2581, 2582, 2597, 2604, 
2610, 2701, 2718, 2777, 2797, 2920

Oceania–Fiji 1000, 1663, 2222, 2230, 2283

Oceania–French Polynesia (French Oceania from about 1903 to 
sometime between 1946 and 1958. A French Overseas Territory in 
the South Pacifi c Ocean, comprising the Marquesas, Society Islands 
{Including Tahiti}, Gambier, and Tubuai Islands, and the Tuamotu 
Archipelago) 2268, 2296, 2549

Oceania (General, Also Called Australasia, or Australia and Islands 
of the Pacifi c / Pacifi c Islands) 580

Oceania–Guam 2755

Oceania–Introduction of Soybeans to. Earliest document seen 
concerning soybeans in a certain country in Oceania 988, 1494, 
2222

Oceania–Introduction of Soybeans to. Earliest document seen 
concerning the cultivation of soybeans in a certain country in 
Oceania 988, 2222

Oceania–Introduction of Soybeans to. This document contains the 
earliest date seen for soybeans in a certain country in Oceania 988, 
1977, 2222

Oceania–Introduction of Soybeans to. This document contains the 
earliest date seen for the cultivation of soybeans in a certain country 
in Oceania 988, 1977, 2222

Oceania–New Zealand–Including Stewart Island, Chatham Islands, 
Snares Islands, Bounty Islands, and Tokelau (formerly Union 
Islands) 84, 94, 116, 240, 299, 363, 390, 418, 463, 1000, 1086, 
1099, 1305, 1469, 1597, 1654, 1701

Oceania–Pacifi c Ocean Islands that are Part of France–Territory 
of New Caledonia (Nouvelle Calédonie) and Dependencies. 
Dependencies are the Loyalty Islands (Iles Loyauté), Isle of Pines 
(Ile des Pins–Kunié), Belep Archipelago (Iles Bélep), and Huon 
Islands (Ile Huon) 988, 1000

Oceania–Papua New Guinea, Independent State of (British New 
Guinea from 1888, then Territory of Papua and New Guinea until 
Sept. 1975. The northeast was German New Guinea from 1884 to 
1914, then Trust Territory of New Guinea) 1470, 1494, 1535, 1564, 
1578, 1610, 1649, 1658

Oceania–Samoa (Formerly Western Samoa; German Samoa until 
1914) 2222, 2302

Oceania–Solomon Islands (British Solomon Islands Protectorate 
until July 1978) 1590, 1655, 1663

Oceania–Soybean Production, Area and Stocks–Statistics, Trends, 
and Analyses 1590, 1662, 1721, 1980, 2077, 2196
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Oceania–Tonga, Kingdom of 1977

Oelmuehle Hamburg AG (Hamburg, Germany). Founded in 1965 
by incorporating Stettiner Oelwerke AG (founded 1910), Toeppfer’s 
Oelwerke GmbH (founded 1915), and Hansa-Muehle AG (founded 
1916 as Hanseatische Muehlenwerke AG) 300, 909, 1039, 1140, 
1925

Off fl avors. See Flavor Taste Problems

Ohio. See United States–States–Ohio

Oil, soy. See Soy Oil

Oil, soy, constants. See Soy Oil Constants

Oil, soy–industrial uses. See Industrial Uses of Soy Oil

Oil, soy–industrial uses of. See Industrial Uses of Soy Oil, Paint 
Manufacturers’ Association of the U.S., Incl. Henry A. Gardner, 
L.P. Nemzek and Industrial Uses of Soybeans

Oil, soy, industrial uses of, as a drying oil. See Industrial Uses of 
Soy Oil

Oil, soy–industrial uses of, as a drying oil. See Binder for Sand 
Foundry Cores, Industrial Uses of Soy Oil, Linoleum, Floor 
Coverings, Oilcloth, and Waterproof Goods, Resins, Plastics, and 
Plasticizers (Such as Epoxidized Soy Oil–ESO), Rubber Substitutes 
or Artifi cial / Synthetic Rubber (Factice)

Oil, soy–industrial uses of, as a hydrogenated oil. See Candles, 
Crayons, and Soybean Wax

Oil, soy–industrial uses of, as a non-drying oil. See Adjuvants, 
Carriers, and Surfactants for Pesticides, Herbicides, and Other 
Agricultural Chemicals, Diesel Fuel, SoyDiesel, Biodiesel or 
Artifi cial Petroleum, Dust Suppressants and Dust Control, 
Explosives Made from Glycerine, Illumination or Lighting by 
Burning Soy Oil in Wicked Oil Lamps Like Kerosene, Lubricants, 
Lubricating Agents, and Axle Grease for Carts, Release or Curing 
Agents for Concrete or Asphalt, Industrial Solvents, Hydraulic 
Fluids, and Other Minor or General Uses, Soaps or Detergents

Okara. See Fiber–Okara or Soy Pulp

Oligosaccharides (The Complex Sugars Raffi nose, Stachyose, and 
Verbascose) 2504, 2849

Olive Oil 425, 824, 1745, 2852

Oncom, Onchom, or Ontjom. See Tempeh, Non-Soy Relatives

Ontario. See Canadian Provinces and Territories–Ontario

Ontario Soybean Growers (Canada: Name Changes–Ontario 
Soybean Growers Association, Nov. 1946 to 1949. Ontario Soya-
Bean Growers’ Marketing Board, 1949 to 1989. Ontario Soybean 
Growers’ Marketing Board, 1989 to 1 Dec. 1999). Merged into 

Grain Farmers of Ontario 2010 Jan 1 2439, 2632, 2659, 2677

Organic Farming and Gardening–General (Non-Soy). See also: 
Organically Grown Soybeans in Commercial Food Products 1634

Organic Farming and Gardening (General; Part of Natural Foods 
Movement). See also: Organic Soybean Production (Commercial). 
See also: Soybean Production: Organically Grown Soybeans or 
Soybean Products in Commercial Food Products 1883, 2568, 2928

Organic Soybean Production (Commercial). See also: Soybean 
Production: Organically Grown Soybeans or Soybean Products in 
Commercial Food Products 1510, 1881, 2029, 2171, 2320, 2568, 
2632

Origin, Evolution, Domestication, and Dissemination of the 
Soybean (General) 1, 34, 98, 665, 1365, 1529, 1684, 2271, 2444, 
2588, 2619

Origins, Evolution, Domestication, and Dissemination of Soybeans 
(General) 71, 105, 138, 185, 339, 426, 506, 853, 1338, 1772, 1806, 
2347, 2969

Ostrander, Ward Adelbert (1888-1953, Purdue Univ., Indiana) 613, 
651, 679, 700, 764, 768, 838

Pacifi c Islands. See Oceania

Paint Manufacturers’ Association of the U.S., Incl. Henry A. 
Gardner, L.P. Nemzek and Industrial Uses of Soybeans 313, 369, 
383

Paints (Especially Water-Based Latex Paints)–Industrial Uses of 
Soy Proteins 980, 1066, 1119, 1290, 2753

Paints, Varnishes, Enamels, Lacquers, and Other Protective / 
Decorative Coatings–Industrial Uses of Soy Oil as a Drying Oil 
258, 311, 313, 317, 318, 339, 384, 407, 425, 486, 508, 517, 530, 
577, 595, 615, 686, 692, 696, 744, 765, 772, 800, 824, 847, 877, 
910, 972, 980, 987, 1000, 1002, 1044, 1086, 1115, 1145, 1146, 
1155, 1200, 1290, 1318, 1340, 1367, 1407, 1474, 1486, 1525, 1570, 
1615, 1810, 1813, 1937

Pakistan. See Asia, South–Pakistan

Paper Coatings or Sizings, or Textile Sizing–Industrial Uses of Soy 
Proteins 1066, 1119, 1290, 1474

Papua New Guinea. See Oceania–Papua New Guinea

Parsons, Adrian Alkanh (1846-1929). Soybean Pioneer in Indiana, 
and in Hendricks County, Indiana 12, 144, 150, 155, 333, 361, 378, 
386, 405, 406, 639, 814, 837, 860, 898, 2803, 2947, 2948, 2970

Pasture from green soybean plants. See Feeds / Forage from 
Soybean Plants–Pasture, Grazing or Foraging

Pasture from soybeans. See Forage from Soybean Plants–Hogging 
Down
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Patents 2210

Patents–References to a Patent in Non-Patent Documents 456, 989, 
1335, 1339, 1675

Patties, meatless. See Meat Alternatives–Meatless Burgers and 
Patties

Peanut Butter 1420

Peanut Meal or Cake (Defatted) 244, 316

Peanut Oil 246, 316, 713, 824, 886, 945

Peanut / Peanuts (Arachis hypogaea or A. hypogæa)–Also Called 
Groundnut, Earthnut, Monkey Nut, Goober / Gouber Pea, Ground 
Pea, or Pindar Pea / Pindars 7, 8, 17, 48, 61, 93, 102, 103, 134, 181, 
199, 202, 283, 284, 290, 293, 316, 318, 341, 384, 389, 393, 403, 
435, 440, 445, 464, 474, 478, 501, 503, 554, 614, 627, 665, 686, 
697, 710, 712, 713, 725, 737, 738, 739, 747, 781, 824, 826, 882, 
886, 928, 945, 963, 1135, 1200, 1280, 1316, 1340, 1364, 1371, 
1372, 1384, 1398, 1417, 1420, 1421, 1435, 1453, 1456, 1463, 1470, 
1474, 1492, 1494, 1558, 1570, 1577, 1578, 1609, 1610, 1611, 1640, 
1647, 1649, 1658, 1669, 1727, 1736, 1745, 1766, 1830, 1880, 1890, 
1891, 1923, 2040, 2070, 2138, 2147, 2184, 2222, 2247, 2273, 2283, 
2294, 2319, 2380, 2444, 2446, 2507, 2514, 2619, 2671, 2685, 2852

Peanuts–Historical Documents Published before 1900 7, 8, 17, 48, 
61, 93, 102, 103

Peking / Pekin soybean variety. See Soybean Varieties USA–
Mammoth Yellow

Peoria Plan of 1928-29 for Growing, Selling, and Processing 
Soybeans. Initiated in Illinois by American Milling Co., Funk Bros. 
Co., and Grange League Federation (GLF) Exchange, New York 
847, 2284

Periodicals–American Soybean Association. See American Soybean 
Association (ASA)–Periodicals

Pesticide carriers and adjuvants. See Adjuvants, Carriers, and 
Surfactants for Pesticides, Herbicides, and Other Agricultural 
Chemicals

Pesticides–their Use and Safety (General) 1518, 1777, 1882, 2010, 
2188, 2226, 2248, 2568

Pet food. See Dogs, Cats, and Other Pets / Companion Animals Fed 
Soy

Peter Henderson & Co. (New York City). Founded 1847 60, 106, 
110, 115, 118, 119, 122, 137, 152, 174, 217, 290, 318, 322, 351, 
1084

Phaseolus limensis or P. lunatus. See Lima Bean

Philippines. See Asia, Southeast–Philippines

Photographs Published after 1923. See also Illustrations 717, 722, 

724, 725, 727, 744, 747, 753, 764, 765, 766, 772, 774, 776, 779, 
781, 786, 797, 799, 806, 808, 811, 812, 814, 827, 838, 839, 840, 
841, 842, 847, 848, 853, 860, 865, 866, 868, 870, 878, 882, 894, 
904, 907, 908, 910, 922, 930, 932, 933, 935, 955, 957, 960, 965, 
966, 967, 972, 989, 991, 992, 993, 1001, 1003, 1004, 1008, 1021, 
1025, 1039, 1042, 1043, 1054, 1055, 1058, 1062, 1064, 1074, 1075, 
1088, 1091, 1094, 1119, 1120, 1123, 1125, 1126, 1128, 1129, 1138, 
1139, 1147, 1148, 1156, 1175, 1184, 1187, 1210, 1212, 1214, 1217, 
1218, 1219, 1220, 1224, 1229, 1232, 1241, 1251, 1256, 1260, 1267, 
1273, 1277, 1280, 1283, 1285, 1287, 1296, 1301, 1303, 1320, 1321, 
1323, 1333, 1338, 1341, 1355, 1365, 1367, 1368, 1377, 1387, 1403, 
1412, 1420, 1460, 1510, 1533, 1543, 1552, 1556, 1568, 1582, 1586, 
1590, 1614, 1620, 1627, 1634, 1635, 1636, 1653, 1662, 1669, 1674, 
1679, 1697, 1738, 1807, 1822, 1829, 1908, 1911, 1929, 1937, 2109, 
2164, 2203, 2204, 2209, 2240, 2284, 2310, 2312, 2332, 2333, 2382, 
2399, 2457, 2536, 2550, 2567, 2614, 2663, 2685, 2736, 2739, 2782, 
2790, 2795, 2799, 2804, 2861, 2865, 2873, 2925, 2926, 2941, 2947, 
2969, 2970

Photographs Published before 1924. See also Illustrations 43, 88, 
89, 115, 128, 133, 135, 137, 145, 146, 153, 156, 164, 166, 167, 168, 
173, 174, 177, 179, 181, 182, 194, 207, 225, 237, 245, 248, 257, 
260, 262, 264, 283, 290, 295, 296, 302, 305, 313, 316, 318, 320, 
321, 323, 325, 327, 332, 335, 339, 351, 354, 356, 359, 369, 370, 
374, 377, 384, 386, 387, 388, 389, 392, 393, 394, 399, 400, 405, 
406, 410, 413, 415, 416, 417, 418, 424, 425, 426, 429, 434, 444, 
445, 448, 452, 454, 456, 460, 466, 467, 469, 472, 473, 476, 480, 
482, 485, 487, 489, 490, 492, 496, 497, 498, 499, 501, 504, 505, 
518, 520, 525, 530, 534, 538, 543, 550, 551, 552, 555, 556, 562, 
563, 566, 570, 571, 573, 574, 576, 577, 578, 580, 582, 583, 584, 
586, 587, 589, 593, 594, 595, 598, 600, 607, 608, 614, 621, 625, 
632, 633, 636, 641, 645, 648, 649, 654, 655, 664, 665, 668, 669, 
672, 673, 674, 676, 681, 682, 685, 688, 691, 696, 698, 699, 700, 
701, 702, 705, 707, 712, 713, 714, 715, 740

Photoperiod Insensitivity. See Soybean–Physiology–Photoperiod 
Insensitivity

Photoperiodism. See Soybean–Physiology–Photoperiodism / 
Photoperiod and Photoperiodic Effects, Soybean–Physiology and 
Biochemistry

Phytic Acid (Inositol Hexaphosphate), Phytates / Phytate, and 
Phytin 2605

Phytochemicals in soybeans and soyfoods. See Cancer Preventing 
Substances in Soybeans and Soyfoods

Phytoestrogens (Estrogens in Plants, Especially in Soybeans and 
Soyfoods), Including Isofl avones (Including Genistein, Daidzein, 
Glycetein, Coumestrol, Genistin, and Daidzin), Lignans, and 
Coumestans 2506, 2605, 2865, 2942

P.I. numbers of soybeans. See Introduction of Soybeans (as to 
a Nation, State, or Region, with P.I. Numbers for the USA) and 
Selection, Lists and Descriptions (Offi cial and / or Extensive) 
of Early U.S. Soybean Varieties with Their P.I. Numbers and 
Synonyms

Pigeon Pea, Pigeonpea or Red Gram. Cajanus cajan (L.) 
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Millspaugh. Formerly Cytisus cajan 2070, 2222, 2283, 2507

Pigs, Hogs, Swine, Sows, Boars, Gilts, or Shoats / Shotes Fed 
Soybeans, Soybean Forage, or Soybean Cake or Meal as Feed to 
Make Pork 93, 124, 137, 181, 194, 210, 217, 253, 257, 262, 283, 
285, 341, 379, 380, 384, 386, 387, 388, 406, 410, 415, 416, 436, 
442, 448, 456, 458, 459, 460, 461, 467, 473, 482, 484, 491, 492, 
496, 503, 504, 518, 520, 525, 538, 544, 545, 546, 550, 555, 560, 
563, 564, 566, 575, 576, 583, 584, 585, 586, 592, 593, 594, 602, 
608, 611, 613, 620, 626, 629, 633, 635, 646, 655, 656, 657, 669, 
677, 682, 692, 706, 715, 718, 721, 742, 764, 772, 786, 839, 840, 
855, 865, 870, 976, 2577

Pillsbury Feed Mills and Pillsbury Co. (Minneapolis, Minnesota) 
2605

Pioneer Hi-Bred International, Inc. (Des Moines, Iowa) 1911, 2677, 
2684

Piper, Charles Vancouver (1867-1926, USDA) 222, 228, 241, 250, 
252, 254, 255, 257, 261, 263, 276, 278, 335, 337, 368, 393, 394, 
395, 415, 431, 477, 478, 481, 533, 588, 666, 673, 678, 680, 692, 
696, 697, 737, 738, 739, 740, 745, 746, 747, 767, 782, 783, 800, 
960, 1003, 1316, 1338, 1351, 2258, 2262, 2588

Plant Industry, Bureau of. See United States Department of 
Agriculture (USDA)–Bureau of Plant Industry

Plant Protection from Diseases, Pests and Other Types of Injury 
(General) 327, 612, 656, 657, 676, 926, 1132, 1248, 1312, 1407, 
1457, 1480, 1627, 1633, 1651, 1697, 1772, 1890, 1891, 2001, 2076, 
2147, 2184, 2293, 2372, 2421, 2466, 2475, 2513, 2572, 2942

Plastics (Including Molded Plastic Parts, Plastic Film, Disposable 
Eating Utensils and Tableware–From Spoons to Plates, and 
Packaging Materials)–Industrial Uses of Soy Proteins 744, 980, 
1066, 1086, 1111, 1119, 1155, 1160, 1270, 1290, 1320, 1367, 1679

Plastics, plasticizers and resins. See Resins, Plastics, and 
Plasticizers (Such as Epoxidized Soy Oil–ESO)

Policies and Programs, Government, Effecting Soybean Production, 
Marketing, Prices, Price Support Programs, Subsidies, Support 
Prices, or Trade 824, 1047, 1745, 2441, 2482, 2502, 2503, 2659, 
2794

Pollination, Soybean (Self-Pollination, Cross-Pollination, etc.) 393, 
394, 737, 738, 739, 740, 1937, 2279

Pork, meatless. See Meat Alternatives–Meatless Bacon, Ham, 
Chorizo and Other Pork-related Products

Poultry fed soybeans. See Chickens, or Turkeys, or Geese & Ducks, 
Chickens, or Turkeys, or Geese, Ducks, Pheasants, etc.

Price of Soy Sauce, Worcestershire Sauce, or Early So-Called 
Ketchup (Which Was Usually Indonesian Soy Sauce) 246

Price of Soybeans, Soybean Seeds, and Soybean Products–Except 
Sauces (Which See) 29, 34, 45, 48, 60, 106, 110, 115, 118, 119, 

132, 151, 152, 153, 164, 174, 181, 194, 200, 217, 237, 249, 259, 
290, 322, 351, 355, 405, 406, 444, 450, 456, 714, 751, 847, 1320, 
1474, 2685, 2757

Processing capacity of individual soybean crushing plants. See 
Soybean Crushing–Processing Capacity and/or Storage Capacity of 
Individual Plants–Statistics

Production of soybeans. See Soybean Production

Products, soy, commercial (mostly foods). See Commercial Soy 
Products–New Products

Protease inhibitors. See Trypsin / Protease
 Proteinase Growth Inhibitors

Protection of soybeans. See Insects–Pest Control. See also: 
Integrated Pest Management, Nematodes–Disease Control, 
Pesticides (General), Rodents and Birds–Pest Control–Especially 
Rabbits and Woodchucks

Protection of soybeans from diseases. See Diseases of soybeans

Protein–Early and Basic Research 48, 67, 631, 692, 1772, 2147

Protein products, soy. See Soy Protein Products

Protein Quality, and Supplementation / Complementarity to 
Increase Protein Quality of Mixed Foods or Feeds. See also 
Nutrition–Protein Amino Acids and Amino Acid Composition 932, 
1097, 1311, 2069, 2164, 2550

Protein Resources and Shortages, and the “World Protein Crisis / 
Gap / Problem” of 1950-1979 2069, 2116

Protein sources, alternative, from plants. See Amaranth, Azuki 
Bean, Bambarra groundnuts, Chufa (Cyperus esculentus) or Earth 
Almonds, Cottonseed and Cotton, Leaf Proteins, Lupins or Lupin, 
Peanut & Peanut Butter, Peanuts & Peanut Butter, Sunfl ower Seeds, 
Wheat Gluten & Seitan, Winged Bean

Protein supplementation / complementarity to increase protein 
quality. See Nutrition–Protein Quality

Psophocarpus tetragonolobus. See Winged Bean

Public Law 480 (Food for Peace Program. Formally–Agricultural 
Trade Development and Assistance Act of 1954) 1474

Pudding. See Soy Pudding, Custard, Parfait, or Mousse (Usually 
made from Soymilk or Tofu)

Pueraria. See Kudzu or Kuzu

Puero. See Kudzu or Kuzu–Tropical Kudzu or Puero (Pueraria 
phaseoloides)

Quality and grades of soybean seed. See Seed Quality of Soybeans–
Condition, Grading, and Grades (Moisture, Foreign Material, 
Damage, etc.)
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Québec. See Canadian Provinces and Territories–Québec

Rabbits as pests. See Rodent and Birds–Pest Control–Especially 
Rabbits and Woodchucks

Railroad / railway / rail used to transport soybeans. See 
Transportation of Soybeans or Soy Products to Market by Railroad

Railroads / Railways and Special Trains and/or Exhibit Cars Used 
to Promote Soybeans and Soybean Production 1290, 1679, 1745

Ralston Purina Co. (St. Louis, Missouri). Maker of Purina Chows. 
Including Protein Technologies International, a Wholly Owned 
Subsidiary from 1 July 1987 to 3 Dec. 1997 620, 933, 955, 2285

Rapeseed Oil 296, 2293, 2852

Rapeseed or the rape plant. See Canola

Rapeseed, the Rape Plant (Brassica napus), or Colza. See also 
Canola 69, 133, 135, 164, 214, 235, 236, 244, 246, 296, 355, 382, 
393, 469, 551, 585, 635, 669, 712, 747, 2147, 2293

Recipes. See Cookery

Red soybeans. See Soybean Seeds–Red

Regional Soybean Industrial Products Laboratory (Urbana, Illinois). 
See U.S. Regional Soybean Industrial Products Laboratory (Urbana, 
Illinois). Founded April 1936)

Release or Curing Agents for Concrete or Asphalt, Industrial 
Solvents, Hydraulic Fluids, Antimicrobial Agents, and Other Minor 
or General–Industrial Uses of Soy Oil as a Non-Drying Oil 318, 
3002

Republic of China (ROC). See Asia, East–Taiwan

Research & Development Centers. See (EMBRAPA) (Brazil), 
Cornell University (Ithaca, New York), and New York State Agric. 
Exp. Station, Illinois, University of (Urbana-Champaign, Illinois). 
Soyfoods, National Center for Agricultural Utilization Research 
(NCAUR) (USDA-ARS) (Peoria, Illinois), National Food Research 
Institute (NFRI) (Tsukuba, Ibaraki-ken, Japan), U.S. Regional 
Soybean Industrial Products Laboratory (Urbana, Illinois). Founded 
April 1936)

Research on Soybeans 1116, 1568, 1595, 1671, 1786, 1787, 1942, 
1970, 1972, 1974, 1985, 2001, 2162, 2227, 2228, 2396, 2441, 2454, 
2494, 2503, 2549, 2557, 2583, 2592, 2659, 2747, 2769

Resins, Plastics, and Plasticizers (Such as Epoxidized Soy Oil–
ESO)–Industrial Uses of Soy Oil as a Drying Oil 1407, 1813

Restaurants, Chinese, outside China, or Chinese recipes that use 
soy ingredients outside China. See Asia, East–China–Chinese 
Restaurants Outside China

Reunion. See Africa–Reunion (Réunion is a Department of France)

Reviews of the literature. See Bibliographies and / or Reviews of 
the Literature

Rewald, Bruno (1883-1947) and Relatives. Lecithin Pioneer in 
Germany, the United States and the United Kingdom 909

Rhizobium bacteria. See Soybean Production–Nitrogen Fixation

Rice koji. See Koji

Riceland Foods (Named Arkansas Grain Corp. before Sept. 1970) 
2209

Riegel, William E. See Meharry, Charles Leo (1885-1937)

Roads or highways used to transport soybeans. See Transportation 
of Soybeans or Soy Products to Market by Roads or Highways

Roasted Whole Soy Flour (Kinako–Dark Roasted with Dry Heat, 
Full-Fat) and Grits 1001, 1041, 1043, 1199, 1275, 1290, 1570, 
1772, 2116, 2147, 2651, 2695

Rodale Press (Emmaus, Pennsylvania) 316, 1510, 1634, 1881, 
1883, 2029, 2138, 2252, 2795

Rodents and Birds–Pest Control–Especially Rabbits, Jackrabbits / 
Jack Rabbits, Hares, Woodchucks, Pigeons and Pheasants 137, 233, 
257, 307, 336, 341, 393, 394, 478, 481, 484, 506, 530, 536, 686, 
740, 797, 886, 981, 1109, 1350, 1365

Rouest, Léon (1872-1938). Soybean Pioneer in France 629, 656, 
657, 712, 1004, 1092, 1135, 1172, 1175, 1228, 1233, 1270, 1273, 
1321, 1766

Rubber Substitutes or Artifi cial / Synthetic Rubber (Factice)–
Industrial Uses of Soy Oil as a Drying Oil 505, 508, 530, 631, 696, 
744, 800, 910, 1000, 1160, 1290, 1367, 1813

Russia. See Europe, Eastern–Russia

Russo-Japanese War (1904-1905)–Soybeans and Soyfoods 259, 
296, 316, 318

Rust, soybean. See Rust, Soybean

Samoa. See Oceania–Samoa

Saponins (Bitter Carbohydrates / Glucosides That Cause Foaming) 
2605

Sauce, soy nugget. See Fermented Black Soybean Extract

Sausages, meatless. See Meat Alternatives–Meatless Sausages

Scotland. See Europe, Western–Scotland (Part of United Kingdom)

Screw presses. See Soybean Crushing–Equipment–Screw Presses 
and Expellers
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Sea Vegetables or Edible Seaweeds, Often Used with Soyfoods 185, 
1075

Seaweeds, edible. See Sea Vegetables

Seed and plant introduction to the USA. See United States 
Department of Agriculture (USDA)–United States Department 
of Agriculture (USDA)–Section of Foreign Seed and Plant 
Introduction

Seed Certifi cation and Certifi ed Seeds (Soybeans) 611, 692, 715, 
774, 838, 842, 879, 1669

Seed Cleaning–Especially for Food or Seed Planting Uses 296, 351, 
520, 538, 578, 696, 842, 1267, 2209, 2417

Seed Color (Soybeans)–Gives the Color of Seed (and Often Hilum) 
for Various Specifi c Varieties. See also: Soybean Seeds of Different 
Colors 93, 181, 258, 282, 305, 390, 393, 394, 410, 417, 463, 473, 
487, 491, 555, 594, 656, 725, 740, 922, 930, 939, 950, 1014, 1084, 
1087, 1092, 1100, 1109, 1172, 1305, 1334, 1364, 1365, 1663, 2849

Seed Companies and Seedsmen, Early Soybean, Worldwide 
(Especially Before 1925)–Including Siebold & Co., Vilmorin-
Andrieux, Wood & Sons, Haage & Schmidt, Dammann & Co., 
Peter Henderson, Thorburn & Co., Mark W. Johnson, Johnson & 
Stokes, Harry N. Hammond, Burpee, E.E. Evans, Funk Bros. Seed 
Co.. 60, 106, 110, 115, 118, 119, 122, 124, 137, 147, 151, 152, 164, 
168, 174, 181, 182, 187, 199, 200, 217, 237, 249, 250, 257, 271, 
282, 290, 318, 322, 351, 377, 393, 394, 402, 456, 519, 571, 578, 
581, 609, 623, 714, 725, 740, 772, 774, 775, 904, 972, 979, 1003, 
1014, 1318, 1634, 2029, 2470, 2685, 2711, 2757

Seed companies, soybean. See Asgrow (Des Moines, Iowa), Coker 
Pedigreed Seed Co. (Hartsville, South Carolina), Dammann & 
Co. (San Giovanni a Teduccio {near Naples}, Italy), DuPont 
(E.I. Du Pont de Nemours & Co., Inc.) (Wilmington, Delaware), 
Evans Seed Co. (West Branch, Ogemaw County, Michigan) and 
Mr. Edward Ellsworth Evans (1864-1928), Funk Brothers Seed 
Co. (Bloomington, Illinois), Haage & Schmidt (Erfurt, Germany), 
Hartz (Jacob) Seed Co. (Stuttgart, Arkansas), Johnson & Stokes 
(Philadelphia, Pennsylvania), Monsanto Co. (St. Louis, Missouri), 
Northrup King Co., Peter Henderson & Co. (New York City), 
Pioneer Hi-Bred International, Inc. (Des Moines, Iowa), Soybean 
Research Foundation, Inc. (SRF, Mason City, Illinois), Vilmorin-
Andrieux & Co. (France), Wing Seed Co. (Mechanicsburg, 
Champaign County, Ohio)

Seed Companies, Soybean–Other (Small) and Lists–Especially 
USA, Not Very Early 538

Seed Germination or Viability–Not Including Soy Sprouts 233, 302, 
307, 318, 339, 393, 394, 434, 472, 530, 538, 558, 607, 612, 646, 
653, 686, 712, 725, 740, 795, 821, 838, 854, 882, 1042

Seed Industry and Market Statistics, Trends, and Analyses–By 
Geographical Region 321

Seed Quality, Composition, and Component / Value-Based Pricing 
(Percentage and Quality of Protein, Oil, Fatty Acids, etc.) 2514

Seed Quality of Soybeans–Condition, Grading, and Grades 
(Moisture, Foreign Material, Damage, etc.) 766, 847, 1180, 1290, 
1772, 2147, 2228

Seed Supply, Seed Industry & Trade, Seed Technology Law and 
Legislation (Soybean Seeds), General and Other 949

Seed Treatment with Chemicals (Usually Protectant Fungicides) 
for Protection. (For Treatment with Nitrogen-Fixing Bacteria see–
Soybean Production–Nitrogen Fixation & Inoculation) 1229, 1253, 
1286, 1299, 1312, 1355, 1369, 1377, 1387, 1398, 1407, 1416, 1431, 
1442, 1461, 1462, 1518, 1539, 1544, 1565, 1615, 1618, 1630, 1631, 
1732, 1767, 1811, 1813, 1921, 1970, 2092, 2192, 2248, 2330, 2332, 
2352, 2466, 2651, 2695

Seed Weight / Size (Soybeans)–Weight of 100 Seeds / Grains 
in Grams, or Number of Seeds Per Pound or Per Kilogram, and 
Agronomic Signifi cance of Seed Weight 258, 307, 390, 410, 417, 
463, 487, 697, 747, 797, 908, 939, 950, 981, 1084, 1087, 1092, 
1100, 1172, 1334, 1342, 1474, 1518, 1539, 1580, 1731, 1744, 1758, 
1959, 2501

Seeds, soybean–Variety development and breeding of soybeans. See 
Variety Development and Breeding

Serbia. See Europe, Eastern–Serbia

Sesame Meal or Cake (Defatted) 435, 1458

Sesame Oil 296, 534, 554, 824, 1937

Sesame Seed (Sesamum indicum, formerly Sesamum orientale). 
(Also Called Ajonjoli, Benne, Benni, Benniseed, Gingelly, Gingely, 
Gingelie, Jinjili, Sesamum, Simsim, Teel, Til). Including Sesame as 
an Oilseed, Sesame Flour, Sesame Tofu (Goma-dofu), and Sesame 
Salt / Gomashio. See also Sesame Butter / Tahini, Sesame Cake or 
Meal, Sesame Milk, and Sesame Oil 246, 293, 296, 435, 534, 712, 
824, 1200, 1248, 1365, 1371, 2147

Sesamum indicum. See Sesame Seed

Seventh-day Adventist work with vegetarianism. See 
Vegetarianism–Seventh-day Adventist Work with

Seventh-day Adventists. See Kellogg, John Harvey (M.D.) (1852-
1943), Sanitas Nut Food Co. and Battle Creek Food Co., Loma 
Linda Foods (Riverside, California), Madison Foods and Madison 
College (Madison, Tennessee), Miller, Harry W. (M.D.) (1879-
1977), Worthington Foods, Inc. (Worthington, Ohio)

Seventh-day Adventists–Cookbooks and Their Authors, Dietitians 
and Nutritionists–Ella E.A. Kellogg (1852-1920), Anna L. Colcord 
(1860?-1940?), Jethro Kloss (1863-1946), Almeda Lambert (1864-
1921), Lenna Frances Cooper (1875-1961), Julius G. White (1878-
1955), Frances Dittes (1891-1979), Edyth Cottrell (1900-1995), 
Dorothea Van Gundy Jones (1903-1979), Philip S. Chen (1903-
1978), Frank & Rosalie Hurd (1936- ), etc.. 1290, 1420

Shakes–Made with Soymilk, Tofu, Amazake, Soy Protein, etc.–
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Etymology of These Terms and Their Cognates / Relatives in 
Various Languages 2439

Shakes–Made with Soymilk, Tofu, Amazake, Soy Protein, etc. 
Usually non-dairy 1290, 2439

Sheep, Lambs, Ewes, or Rams Fed Soybeans, Soybean Forage, or 
Soybean Cake or Meal as Feed to Make Wool or Mutton 120, 124, 
137, 164, 181, 236, 257, 283, 380, 386, 388, 415, 416, 417, 435, 
467, 491, 525, 544, 583, 594, 602, 608, 613, 633, 670, 692, 696, 
700, 715, 742, 764, 772, 773, 775

Shennong / Shen Nung. See Asia, East–China–Shennong / Shên 
Nung / Shen Nung

Shortening 530, 534, 800, 824, 853, 910, 980, 987, 1086, 1340, 
1911

Shoyu. See Soy Sauce

Shurtleff, William. See Soyinfo Center (Lafayette, California)

Siebold, Philipp Franz von (1796-1866)–German Physician and 
Naturalist in Japan (1823-1829) 93

Silage, soybean. See Feeds / Forage from Soybean Plants–Forage 
Used for Silage / Ensilage

Size of soybean seeds. See Seed Weight / Size (Soybeans)–Weight 
of 100 Seeds in Grams, or Number of Seeds Per Pound

Sizings for paper or textiles. See Paper Coatings or Sizings, or 
Textile Sizing

Smoked tofu. See Tofu, Smoked

Soaps or Detergents–Industrial Uses of Soy Oil as a Non-Drying 
Oil–Soap, Detergent 258, 299, 300, 313, 317, 318, 339, 407, 474, 
486, 508, 530, 577, 595, 615, 686, 692, 696, 697, 744, 765, 824, 
847, 910, 922, 972, 980, 987, 1000, 1086, 1155, 1200, 1318, 1340, 
1367, 1407, 1458, 1474, 1615, 1813, 1937

Societe Soy (Saint-Chamond, France). See Soyfoods Companies 
(Europe)–Nutrition et Soja

Society for Acclimatization (Société d’Acclimatation, France) 34, 
45, 519, 629, 1172

Soil fertility. See Soil Science–Soil Fertility

Soil Science 177, 370, 557, 605, 616, 880, 885, 1478, 1875, 1970, 
2365, 2539, 2799

Soil Science–Soil Erosion and Soil Conservation 382, 711, 935, 
1063, 1179, 1188, 1204, 1251, 1333, 1350, 1365, 1518, 1539, 1669, 
2441, 2823, 2852

Soil Science–Soil Fertility and Soil Health 813, 1303, 2370

Soilage, soybean. See Feeds / Forage from Soybean Plants–Soilage 

and Soiling

Sojinal / Biosoja (Formerly Cacoja; Affi liate of Coopérative 
Agricole de Colmar–Issenheim & Colmar, France). Acquired by 
B & K Holdings, of Switzerland, in mid-1993. Acquired by Alpro 
(Belgium) on 22 April 1996 2584

Solbar Hatzor Ltd. (Israel). See Hayes Ashdod Ltd. (renamed Solbar 
Hatzor Ltd. in April 1987) and Hayes General Technology (Israel)

Solomon Islands. See Oceania–Solomon Islands

Solvent extraction equipment. See Soybean Crushing–Equipment–
Solvent extraction

Solvents. See Soybean Crushing–Solvents

Solvents–Ethanol (Ethyl Alcohol)–Used for Soy Oil Extraction, or 
Washing / Purifi cation of Soy Products (Protein, Lecithin, Saponins, 
etc.) 1019

Solvents, industrial. See Release or Curing Agents for Concrete or 
Asphalt, Industrial Solvents, Hydraulic Fluids, and Other Minor or 
General Uses

Solvents Used for Extraction of the Oil from Soybeans: Benzene / 
Benzine / Benzol / Benzin (petrol, gasoline) 824

Solvents Used for Extraction of the Oil from Soybeans (General, 
Type of Solvent, Unspecifi ed, or Other). See also Ethanol, Hexane, 
and Trichloroethylene Solvents 82, 894, 960, 1384, 2124, 2503, 
2577

Solvents Used for Extraction of the Oil from Soybeans: Naphtha / 
Naphthas. Also spelled Naptha / Napthas 258

South Africa. See Africa–South Africa

South America. See Latin America–South America

South America trade statistics. See Latin America–South America–
Trade (Imports or Exports)

South Asia / Indian Subcontinent–Soybean Crushing–Soy Oil and 
Meal Production and Consumption–Statistics, Trends, and Analyses 
2503

South Manchuria Railway and the South Manchuria Railway 
Company (Minami Manshu Tetsudo Kabushiki Kaisha) 296, 534, 
853, 894, 1019

Soy and Cancer Prevention; Cancer Preventing Substances in 
Soybeans and Soyfoods (Such as the Isofl avones Genistein and 
Daidzein) 2605

Soy bran. See Fiber, Soy

Soy Cheese or Cheese Alternatives–General, Western Style, That 
Melts. Often Contains Casein (Cow’s Milk Protein) 2453
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Soy Chocolate (Toasted Soy Flour) (Also includes use of non-
roasted Soy Flour or Soymilk in Making Chocolate) 339, 344, 505, 
656, 657, 712, 833, 851, 936, 947, 972, 1004, 1162, 1200

Soy Coffee–Made from Roasted Soy Flour or Ground Roasted 
Soybeans 60, 63, 103, 116, 131, 132, 137, 151, 156, 225, 227, 247, 
282, 283, 285, 318, 323, 339, 344, 407, 415, 426, 468, 474, 486, 
489, 498, 500, 505, 519, 530, 544, 574, 577, 656, 657, 692, 696, 
712, 765, 811, 851, 860, 865, 870, 926, 936, 937, 947, 955, 960, 
972, 1000, 1004, 1014, 1142, 1162, 1175, 1200, 1223, 1240, 1257, 
1270, 1275, 1290, 1329, 1510, 1627, 2124, 2138, 2366, 2418, 3002

Soy Coffee (Roasted Soy Flour)–Etymology of This Term and Its 
Cognates / Relatives in Various Languages 344, 415, 712

Soy fi ber. See Fiber

Soy fl our companies (Europe). See Spillers Premier Products Ltd. 
(Puckeridge, Ware, Hertfordshire, England)

Soy Flour Equipment 1931

Soy Flour, Grits and Flakes (Usually Defatted)–Etymology of 
These Terms and Their Cognates / Relatives in Various Languages 
282, 317, 580, 1290

Soy Flour, Grits, Meal, Powder, or Flakes–For Food Use (Usually 
Defatted or Low-Fat). See also Soy Flour–Whole or Full-fat 56, 
170, 258, 259, 282, 283, 285, 295, 296, 312, 316, 317, 318, 319, 
339, 344, 407, 408, 425, 468, 486, 489, 498, 505, 508, 519, 530, 
534, 544, 574, 580, 612, 641, 656, 657, 666, 679, 683, 692, 696, 
697, 712, 765, 782, 783, 800, 801, 802, 811, 812, 851, 865, 870, 
885, 910, 911, 917, 922, 926, 932, 936, 937, 947, 950, 955, 960, 
972, 976, 977, 1000, 1001, 1002, 1004, 1014, 1030, 1041, 1043, 
1055, 1078, 1088, 1100, 1109, 1117, 1132, 1134, 1142, 1155, 1162, 
1164, 1172, 1173, 1175, 1191, 1198, 1199, 1200, 1203, 1206, 1232, 
1234, 1237, 1238, 1240, 1248, 1270, 1272, 1275, 1280, 1288, 1290, 
1295, 1307, 1318, 1320, 1327, 1334, 1365, 1367, 1420, 1458, 1463, 
1472, 1474, 1615, 1634, 1772, 1783, 1806, 1810, 1813, 1880, 1882, 
1925, 1937, 1969, 1970, 2010, 2064, 2116, 2140, 2147, 2203, 2228, 
2366, 2393, 2398, 2420, 2421, 2435, 2439, 2441, 2453, 2502, 2513, 
2518, 2530, 2539, 2550, 2557, 2605, 2651, 2695

Soy Flour, Homemade–How to Make at Home or on a Laboratory 
or Community Scale, by Hand 1198

Soy Flour, Industrial Uses of–Other. See also: Adhesives or Glues 
for Plywood, Other Woods, Wallpaper, Building Materials, Etc.. 
1290

Soy Flour or Defatted Soybean Meal in Cereal-Soy Blends, with 
Emphasis on Dry Products Used in Third World Countries (such as 
CSM, WSB, etc.) 34, 45, 867, 1772, 1937, 2147

Soy Flour, Textured (Including TVP, Textured Vegetable Protein) 
1937, 2116, 2228, 2314, 2315, 2503

Soy Flour–Whole or Full-fat 29, 112, 187, 833, 834, 853, 857, 936, 
947, 960, 1041, 1071, 1152, 1160, 1373, 1870, 1931, 1966, 2023, 
2315, 2453

Soy ice cream companies (USA). See Tofutti Brands, Inc. 
(Cranford, New Jersey)

Soy Ice Cream–Etymology of This Term and Its Cognates / 
Relatives in Various Languages 875, 1290

Soy Ice Cream (General–Usually Non-Dairy) 875, 1290, 1420, 
1474, 3002

Soy infant formula. See Infant Formula, Soy-based

Soy is NOT Mentioned in the Document 3, 4, 5, 6, 7, 8, 9, 10, 13, 
14, 15, 16, 17, 18, 20, 21, 22, 23, 24, 25, 28, 30, 31, 32, 35, 36, 37, 
39, 40, 41, 42, 44, 46, 54, 73, 74, 75, 77, 80, 86, 100, 114, 125, 201, 
203, 204, 223, 244, 261, 289, 298, 364, 695, 945, 1178, 1317, 1324, 
1428, 1455, 1537, 1538, 1575, 1624, 1666, 1677, 1859, 2221, 2928

Soy lecithin. See Lecithin, Soy

Soy Molasses or Soy Solubles–A By-Product of Making Soy 
Protein Concentrate Using the Aqueous Alcohol Wash Process. 
Rich in Isofl avones 2605

Soy Oil as a Commodity, Product, or Ingredient for Food Use (in 
Cookery or Foods). Its Manufacture, Refi ning, Trade, and Use. See 
Also: Industrial Uses of Soy Oil, and Nutrition: Lipids 55, 82, 112, 
187, 246, 247, 257, 258, 259, 282, 283, 285, 295, 296, 299, 300, 
305, 316, 317, 318, 332, 339, 344, 380, 386, 398, 425, 427, 431, 
435, 440, 452, 456, 461, 474, 484, 485, 489, 498, 505, 515, 517, 
534, 544, 554, 574, 580, 608, 631, 641, 656, 657, 672, 675, 679, 
686, 692, 696, 697, 698, 699, 706, 708, 712, 713, 741, 744, 761, 
765, 766, 776, 782, 783, 802, 805, 811, 812, 824, 826, 842, 847, 
865, 867, 870, 873, 894, 910, 926, 933, 936, 937, 943, 947, 950, 
952, 955, 976, 987, 1002, 1003, 1004, 1014, 1019, 1031, 1041, 
1043, 1044, 1086, 1088, 1100, 1109, 1115, 1132, 1140, 1142, 1173, 
1196, 1200, 1203, 1204, 1248, 1250, 1272, 1273, 1289, 1291, 1295, 
1305, 1307, 1320, 1334, 1340, 1349, 1543, 1564, 1615, 1669, 1745, 
1772, 1795, 1813, 1822, 1880, 1882, 1911, 1925, 2005, 2143, 2147, 
2196, 2227, 2228, 2270, 2302, 2420, 2435, 2439, 2441, 2453, 2501, 
2502, 2503, 2555, 2559, 2624, 2747

Soy Oil Constants. Includes Index of Refreaction, Refreactive 
Index, Solidifi cation Point (Erstarrungspunkt), Specifi c Gravity. 
See also Iodine Number 82, 313, 318

Soy Oil Constants–Iodine Number / Value 82, 258, 313, 987, 1334, 
1769

Soy Oil–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 282, 317, 425

Soy oil–industry and market statistics. See Soybean Crushing

Soy Protein and Proteins–Etymology of These Terms and Their 
Cognates / Relatives in Various Languages 26, 48, 247, 306, 317

Soy protein companies (Israel). See Hayes Ashdod Ltd. and Hayes 
General Technology
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Soy protein companies (USA). See Drackett Co. (The), Glidden Co. 
(The), Griffi th Laboratories, Gunther Products, Inc., Laucks (I.F.) 
Co.

Soy Protein Isolates, Concentrates, or Textured Soy Protein 
Products–Industry and Market Statistics, Trends, and Analyses–
Individual Companies 2315

Soy Protein Isolates, Textured (For Food Use Only, Including Spun 
Soy Protein Fibers or Soy Isolate Gels). See also: Industrial Uses of 
Soy Proteins–Fibers (Artifi cial Wool Made from Spun Soy Protein 
Fibers) 1911, 1937

Soy Protein Products (General, or Modern Products). See also: 
Nutrition–Protein, Protein Quality, and Amino Acid Composition 
656, 657, 1678, 1772, 1925, 2001, 2010, 2147, 2227, 2357, 2441, 
2557, 2747

Soy Proteins–Concentrates 1772, 1806, 2147, 2366, 2605

Soy Proteins–Isolates–Enzyme-Modifi ed Soy Protein with 
Whipping / Foaming Properties Used to Replace Egg Albumen, and 
Early Related Whipping / Aerating Agents or Products 1066, 1290

Soy Proteins–Isolates–Etymology of These Terms and Their 
Cognates / Relatives in Various Languages 1290

Soy Proteins–Isolates, for Food Use. See also: Isolates, for 
Industrial (Non-Food) Use 692, 1142, 1420, 1772, 1806, 1925, 
2147, 2164, 2366, 2453, 2550, 2605

Soy Proteins–Properties (Including Types {Globulins, Glycinin, 
Beta- and Gamma-Conglycinin} Protein Fractions and Subunits, 
Sedimentation Coeffi cients, Nitrogen Solubility, and Rheology) 
317, 339, 440, 656, 1772, 2147

Soy Proteins, Textured (General) 1772, 1822, 1925, 2147, 2164, 
2203, 2366

Soy Pudding, Custard, Parfait, or Mousse (Usually made from 
Soymilk. Non-Dairy Milk, or Tofu). See also Soy Yogurt–Not 
Fermented 853, 1004, 1290, 1474, 2439, 2550

Soy sauce. See Worcestershire Sauce

Soy Sauce and Shoyu–Etymology of These Terms and Their 
Cognates / Relatives in Various Languages 296

Soy Sauce (Including Shoyu and Worcestershire Sauce)–Imports, 
Exports, International Trade 246, 800, 1329

Soy Sauce (Including Shoyu). See Also Tamari, Teriyaki Sauce, and 
Traditional Worcestershire Sauce 26, 49, 59, 60, 82, 93, 101, 112, 
185, 246, 247, 250, 282, 285, 294, 295, 296, 300, 318, 339, 344, 
384, 431, 474, 489, 500, 505, 530, 534, 554, 580, 612, 656, 692, 
696, 697, 712, 716, 765, 782, 783, 800, 801, 853, 865, 870, 885, 
910, 911, 917, 926, 932, 936, 937, 947, 955, 960, 972, 987, 988, 
1000, 1004, 1014, 1041, 1042, 1074, 1075, 1088, 1142, 1162, 1173, 
1175, 1199, 1200, 1203, 1240, 1248, 1270, 1272, 1290, 1291, 1295, 
1307, 1318, 1329, 1338, 1367, 1420, 1463, 1474, 1669, 1772, 1925, 

1937, 1974, 1975, 2010, 2116, 2124, 2147, 2164, 2197, 2199, 2295, 
2435, 2524, 2567, 2588, 2600, 2624, 2637, 2651, 2695, 2753, 2933, 
2941

Soy Sauce, Indonesian Style or from the Dutch East Indies (Kecap, 
Kécap, Kechap, Ketjap, Kétjap). See also Ketchup / Catsup 26, 339, 
1000, 1199, 1974

Soy Sauce, Indonesian Sweet, Kecap Manis / Ketjap Manis. 
Indonesian Sweet Thick Spicy Soy Sauce / Indonesian Thick Sweet 
Soy Sauce 2164

Soy Sauce Industry and Market Statistics, Trends, and Analyses–By 
Geographical Region 246, 988

Soy sauce–Korean-style. See Kanjang–Korean-Style Fermented 
Soy Sauce

Soy sauce, price of. See Price of Soy Sauce, Worcestershire Sauce, 
or Early So-Called Ketchup (Which Was Usually Indonesian Soy 
Sauce)

Soy sauce residue or dregs. See Fiber–Residue or Dregs from 
Making Soy Sauce

Soy sauce used in Worcestershire sauce. See Worcestershire Sauce–
With Soy Sauce Used as an Ingredient

Soy Sprouts–Etymology of This Term and Its Cognates / Relatives 
in Various Languages 82, 431, 577, 712, 870

Soy Sprouts, Homemade–How to Grow at Home or on a Laboratory 
Scale, by Hand 1240, 2040

Soy Sprouts (Sprouted or Germinated Soybeans) for Food Use 82, 
91, 247, 316, 339, 431, 577, 656, 657, 692, 696, 697, 712, 865, 870, 
936, 937, 947, 955, 960, 1001, 1004, 1016, 1041, 1043, 1078, 1109, 
1162, 1175, 1198, 1199, 1236, 1240, 1248, 1254, 1270, 1272, 1275, 
1290, 1295, 1320, 1367, 1420, 1474, 1510, 1634, 1669, 1697, 1772, 
1807, 1882, 1925, 1937, 1970, 1974, 2010, 2040, 2116, 2124, 2140, 
2147, 2164, 2435, 2487, 2530, 2614

Soy wine. See Fermented Specialty Soyfoods

Soy Yogurt–Fermented / Cultured 339, 1199, 1813, 2490, 2518, 
2567

Soy Yogurt (Generally Non-Dairy) 2453

Soya Foods Ltd [Named Soya Flour Manufacturing Co. Ltd. (1929-
42), and Soya Foods Ltd. (1933)]. See Spillers Premier Products 
Ltd.

Soya–Soybean Production and Soy Products 612, 731, 1013, 1172, 
1521, 1967

Soyanews: Monthly Newsletter Published by CARE in Colombo, 
Sri Lanka (1978-1990) 2310, 2370, 2371

Soybean archaeology. See Archaeology
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Soybean Council of America. See American Soybean Association 
(ASA)–Soybean Council of America

Soybean crushers (Asia). See Nisshin Oil Mills, Ltd. (Tokyo, Japan)

Soybean crushers (Canada). See ADM Agri-Industries Ltd. 
(Windsor, Ontario, Canada), CanAmera Foods (Hamilton, Ontario, 
Canada), Victory Soya Mills Ltd. (Toronto, Ontario)

Soybean Crushers (Canada), Early (Started Before 1941)–Milton 
Oil Refi neries Ltd. (Milton, Ontario; March 1930–Renamed 
Canadian Soyabeans Ltd. by March 1935), Dominion Linseed Oil 
Co. (Baden, ONT; 1932), Soy Bean Oil and Meal Co-operative 
Company of Canada, Ltd. (Chatham, ONT; 1932), Dominion Soya 
Industries / Dominion Soya Products Co. (Montreal, Quebec; spring 
1935), Soya Mills Limited (Stratford, ONT; Jan. 1936), Edgar 
Soya Products (Belle River, Ontario; 1936), Toronto Elevators Ltd. 
(Toronto, ONT; 1938) 867, 2659

Soybean Crushers (Europe). See Unilever Corp., Lever Brothers 
Co., Unimills B.V. (Netherlands)

Soybean crushers (Europe). See Hansa Muehle (Hamburg, 
Germany), Noblee & Thoerl GmbH (Hamburg, Germany), 
Oelmuehle Hamburg AG (Hamburg, Germany), Stettiner Oelwerke 
(Stettin, Germany)

Soybean Crushers (Europe)–General 283

Soybean crushers (USA). See Allied Mills, Inc., Archer Daniels 
Midland Co. (ADM) (Decatur, Illinois), Cargill, Inc. (Minneapolis, 
Minneapolis), Central Soya Co. (Fort Wayne, Indiana), Chicago 
Heights Oil Co. (Chicago Heights, Illinois), Continental Grain Co. 
(New York, New York), Pillsbury Feed Mills and Pillsbury Co. 
(Minneapolis, Minnesota), Ralston Purina Co. (St. Louis, Missouri), 
Spencer Kellogg & Sons, Inc. (Buffalo, New York), Staley (A.E.) 
Manufacturing Co. (Decatur,, Swift & Co. (Illinois)

Soybean Crushers (USA). See Seed Companies, Soybean–Funk 
Brothers Seed Co. (Bloomington, Illinois)–After 1924

Soybean crushers (USA), Cooperative. See Boone Valley 
Cooperative Processing Association (Eagle Grove, Iowa), Land 
O’Lakes, Inc., Riceland Foods (Named Arkansas Grain Corp. 
before Sept. 1970)

Soybean crushers (USA), Early. See Elizabeth City Oil and 
Fertilizer Co. (Elizabeth City, North Carolina; 1915)

Soybean Crushers (USA), Early–Pacifi c Oil Mills and Albers 
Brothers Milling Co. (Seattle, Washington; 1911), Elizabeth City 
Oil and Fertilizer Co. (Elizabeth City, North Carolina; 1915. By 
1917 six other North Carolina oil mills were crushing soybeans), 
Chicago Heights Oil Mfg. Co. (Chicago Heights, Illinois; 1920), 
A.E. Staley Mfg. Co. (Decatur, Illinois; 1922), Piatt County 
Cooperative Soy Bean Co. (Monticello, Illinois; 1923–batch 
solvent), Blish Milling Co. (Seymour and Crothersville, Indiana; 
1923), Eastern Cotton Oil Co. (Norfolk, Virginia; 1924–continuous 
solvent) 456, 741, 1349

Soybean Crushers (USA), Small Crushers–Arkansas Grain Corp. 
(Helena & Stuttgart, Arkansas), Hemphill Soy Products (Kennett, 
Missouri), Old Fort Mills (Marion, Ohio), Sioux Soya Mills 
(Sioux City, Iowa), Soy Bean Processing Co. (Waterloo, Iowa), 
Soybean Products, Inc. (Cedar Rapids, Iowa), Southern Soya Corp. 
(Cameron, South Carolina), Soy-Rich Products (Wichita, Kansas), 
Toledo Soybean Products (Toledo, Ohio) Western Soybean Mills 
(Sioux Falls, South Dakota), etc.. 772, 904

Soybean Crushing–Equipment–Hydraulic Presses 675, 867, 960, 
1043, 1474, 1615

Soybean Crushing–Equipment–Screw Presses and Expellers 
(Continuous, Mechanical) 675, 744, 842, 932, 1474, 1615, 1745

Soybean Crushing–Equipment–Solvent Extraction 258, 692, 824, 
894, 960, 1019, 1097, 1384, 1474, 1543, 2124, 2420, 2503, 2559, 
2577

Soybean Crushing (General: Soy / Soybean Oil and Soybean Meal) 
519, 772, 800, 851, 973, 1047, 1067, 1145, 1183, 1384, 1499, 2001, 
2124, 2209, 2285, 2293, 2314, 2357, 2421, 2557, 2577, 2714, 2750

Soybean Crushing, Including Production and Trade of Soybean 
Oil, Meal or Cake, Margarine, or Shortening–Industry and Market 
Statistics, Trends, and Analyses–296, 534, 692, 824, 826, 894, 
1086, 1320, 1474, 2196, 2357, 2373, 2501

Soybean Crushing–Processing Capacity and/or Storage Capacity of 
Individual Plants–Statistics 847

Soybean crushing–solvents. See Solvents

Soybean Cultural Practices–No-Till, Conservation Tillage, and 
Minimum Tillage Farming / Agriculture 1518, 1539, 2494, 2677

Soybean–General and Other 1862, 2435

Soybean–General Comprehensive and Basic Important Publications 
about Soybeans 692, 1772, 1806, 2147, 2922

Soybean–Growth Regulators / Substances Such as Triiodobenzoic 
Acid (TIBA), Gibberellic Acid, Gibberellins, Auxins, Cytokinins, 
Dicamba, and Florigen 1685, 1792, 1802, 1811, 1933, 2113, 2139, 
2176, 2177, 2720

Soybean Marketing Association (1929-1932). Organized at Decatur, 
Illinois on 16 Oct. 1929 847

Soybean Meal / Cake, Fiber (as from Okara), or Shoyu Presscake as 
a Fertilizer or Manure for the Soil or for Fish Ponds–Industrial Uses 
59, 209, 246, 258, 273, 285, 295, 296, 300, 316, 317, 318, 339, 
384, 386, 435, 461, 534, 544, 554, 615, 692, 697, 744, 853, 865, 
870, 886, 960, 972, 982, 1000, 1019, 1199, 1248, 1272, 1295, 1349, 
1474, 1510, 1742

Soybean Meal–Etymology of This Term and Its Cognates / 
Relatives in Various Languages 306, 317, 407
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Soybean Meal (SBM) (Defatted). Formerly Called Bean Cake, 
Beancake, Soybean Cake, Oilmeal, or Presscake 59, 209, 246, 247, 
251, 258, 259, 285, 295, 296, 299, 300, 306, 312, 316, 317, 318, 
339, 384, 386, 390, 407, 425, 427, 435, 440, 450, 452, 456, 461, 
470, 474, 485, 486, 489, 498, 503, 505, 515, 520, 530, 534, 544, 
554, 595, 612, 615, 620, 629, 631, 656, 657, 667, 675, 692, 696, 
697, 712, 734, 736, 744, 756, 763, 765, 772, 773, 776, 782, 783, 
786, 795, 800, 801, 806, 811, 812, 822, 824, 826, 835, 842, 847, 
853, 865, 867, 870, 873, 885, 886, 887, 894, 904, 910, 915, 931, 
932, 933, 937, 940, 950, 952, 955, 960, 982, 1000, 1002, 1004, 
1014, 1019, 1041, 1044, 1066, 1078, 1088, 1097, 1100, 1109, 1111, 
1115, 1142, 1175, 1199, 1203, 1204, 1228, 1232, 1248, 1270, 1272, 
1273, 1291, 1295, 1307, 1322, 1329, 1334, 1340, 1349, 1367, 1384, 
1458, 1472, 1474, 1510, 1518, 1539, 1564, 1570, 1615, 1633, 1642, 
1697, 1742, 1766, 1806, 1967, 2005, 2143, 2196, 2222, 2293, 2302, 
2315, 2420, 2435, 2439, 2441, 2490, 2501, 2502, 2503, 2550, 2555, 
2568, 2651, 2659, 2692, 2695, 2746, 2794, 2823, 2852

Soybean–Morphology, Structure, and Anatomy of the Plant and Its 
Seeds 692, 1321, 1366, 1514, 1521, 1769, 1786, 1805, 1807, 1937, 
2005, 2139, 2280, 2348, 2487, 2869

Soybean–Morphology, Structure, and Anatomy of the Plant and Its 
Seeds as Determined by Microscopy or Microscopic Examination 
339, 1591, 1908, 2017

Soybean oil. See Soy Oil

Soybean oil constants. See Soy Oil Constants

Soybean–origin and domestication. See Origin, Domestication, and 
Dissemination of the Soybean (General)

Soybean paste. See Miso

Soybean–Physiology and Biochemistry (Including Photoperiodism, 
Photosynthesis, Translocation, Plant Water Relations, Respiration, 
Photorespiration) 166, 167, 177, 185, 223, 624, 687, 789, 830, 891, 
916, 921, 948, 958, 964, 984, 998, 1005, 1050, 1098, 1112, 1113, 
1151, 1195, 1202, 1321, 1338, 1351, 1366, 1375, 1392, 1393, 1394, 
1395, 1405, 1406, 1409, 1429, 1432, 1437, 1438, 1477, 1478, 1488, 
1497, 1511, 1514, 1523, 1541, 1571, 1596, 1609, 1710, 1769, 1772, 
1779, 1796, 1805, 1806, 1926, 1928, 1937, 1939, 1940, 1969, 2114, 
2134, 2147, 2166, 2182, 2227, 2228, 2246, 2262, 2334, 2348, 2386, 
2403, 2406, 2416, 2428, 2437, 2441, 2476, 2488, 2491, 2499, 2506, 
2514, 2557, 2563, 2572, 2608, 2634, 2662, 2696, 2747, 2870, 2900, 
2907

Soybean–Physiology and Biochemistry–Maturity Groups 1350, 
1698, 1787, 1977, 2263

Soybean–Physiology–Mycorrhiza / Mycorrhizae / Mycorrhizal 
Relations with Vesicular-Arbuscular Soil Fungi of the Genus 
Glomus or Endogone 798, 1792, 2118, 2151, 2197, 2217, 2239, 
2274, 2280, 2311, 2317, 2431, 2487, 2869

Soybean–Physiology–Photoperiod Insensitivity / Daylength 
Neutrality 1535, 1781, 1937, 2621, 2991

Soybean–Physiology–Photoperiodism / Photoperiod, Photoperiodic 

Effects, or Photo-Thermal Responses 1361, 1477, 1518, 1521, 
1539, 1637, 1669, 2005, 2113, 2139, 2143, 2150, 2176, 2177, 2236, 
2263, 2312, 2366, 2372, 2445, 2505, 2887

Soybean–Physiology–Tolerance to Cold, Chilling, or Low 
Temperatures, and Cold Tolerant Varieties 2406, 2790

Soybean processing. See Soybean Crushing

Soybean production. See–Fertilizers and Plant Nutrition, Cover 
Crop, Use of Soybean as. See also: Intercropping, Crop Rotation 
of Soybean Plants for Soil Improvement, Cropping Systems: 
Intercropping, Interplanting, or Mixed Cropping, Cultural Practices, 
Green Manure, Harvesting and Threshing, Peoria Plan of 1928-29 
for Growing, Selling, and Processing Soybeans, Plant Protection 
from Diseases, Pests and Other Types of Injury (General), Price of 
Soybeans, Soybean Seeds and Soybean Products–Except Sauces 
(Which See), Seed Germination or Viability–Not Including Soy 
Sprouts, Seed Quality, Seed Treatment, Yield Statistics, Soybean

Soybean production and the soil. See Soil Science

Soybean production–Farm equipment. See Machinery 
(Agricultural), Implements, Equipment, and Mechanization

Soybean production–Farm machinery. See Combines, Combines–
Etymology, Farm Machinery–Etymology

Soybean production–Farm Machinery. See Tractors

Soybean Production–General, and Amount Produced 1, 169, 224, 
285, 380, 453, 466, 497, 513, 515, 518, 520, 529, 534, 556, 580, 
594, 600, 609, 611, 620, 621, 631, 635, 637, 672, 685, 686, 747, 
756, 761, 779, 782, 783, 797, 800, 801, 805, 808, 823, 853, 854, 
894, 933, 952, 955, 974, 980, 1004, 1014, 1030, 1071, 1086, 1106, 
1120, 1135, 1140, 1163, 1164, 1180, 1193, 1196, 1200, 1230, 1231, 
1235, 1248, 1268, 1277, 1318, 1329, 1340, 1347, 1354, 1373, 1384, 
1387, 1420, 1427, 1442, 1460, 1463, 1466, 1486, 1499, 1522, 1524, 
1615, 1618, 1653, 1655, 1684, 1693, 1745, 1766, 1785, 1787, 1806, 
1822, 1870, 1890, 1891, 1911, 1967, 1974, 1975, 2001, 2010, 2133, 
2143, 2164, 2227, 2228, 2230, 2235, 2266, 2268, 2276, 2287, 2299, 
2357, 2373, 2393, 2405, 2418, 2439, 2441, 2476, 2488, 2504, 2550, 
2555, 2557, 2567, 2572, 2583, 2584, 2632, 2692, 2736, 2747, 2750, 
2794, 2861, 2975, 2979, 2981

Soybean production in tropical and subtropical countries. See 
Tropical and Subtropical Countries, Soybean Production in (Mostly 
in

Soybean Production–Industry and Market Statistics, Trends, and 
Analyses 1669, 2010, 2147, 2373, 2482, 2539, 2620, 2736

Soybean production–Marketing. See Chicago Board of Trade 
(CBOT), Marketing Soybeans, Railroads / Railways and Special 
Trains and/or Exhibit Cars Used to Promote Soybeans and Soybean 
Production, Soybean Marketing Association (1929-1932)

Soybean production–Nitrogen fi xation. See Nitrogen Fixation, 
Inoculation, Nodulation–Etymology of Related Terms
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Soybean production–Nitrogen Fixation and Inoculation. See 
Nitragin Inoculant and The Nitragin Company, Urbana Laboratories

Soybean production, organic. See Organic Soybean Production

Soybean production–Plant protection. See Diseases (Bacterial, 
Fungal, and Viral / Virus), Insects–Pest Control. See also: 
Integrated Pest Management, Integrated Pest Management (IPM) 
and Biological Control, Nematodes–Disease Control, Pesticides 
(General), Weeds–Control and Herbicide Use

Soybean production–Research. See Research on Soybeans

Soybean Research Foundation, Inc. (SRF, Mason City, Illinois) 
1911

Soybean Rust (Fungal Disease) 1946, 2330

Soybean Seeds–Black in Color. Food Use is Not Mentioned 26, 33, 
49, 62, 68, 69, 78, 93, 96, 98, 116, 137, 138, 147, 168, 181, 182, 
187, 192, 206, 225, 226, 230, 233, 241, 250, 257, 258, 271, 282, 
283, 288, 296, 302, 305, 306, 311, 318, 325, 326, 330, 332, 338, 
341, 354, 362, 369, 374, 377, 386, 388, 390, 393, 394, 402, 405, 
406, 407, 410, 415, 417, 421, 425, 434, 437, 444, 447, 452, 454, 
455, 463, 465, 467, 469, 473, 478, 479, 481, 482, 484, 485, 487, 
489, 490, 491, 493, 495, 515, 517, 519, 523, 530, 534, 535, 536, 
538, 542, 544, 551, 553, 555, 556, 578, 582, 584, 586, 592, 593, 
594, 595, 599, 608, 609, 620, 625, 632, 635, 646, 654, 656, 657, 
668, 672, 684, 685, 686, 692, 693, 694, 696, 699, 706, 707, 709, 
714, 724, 725, 726, 727, 740, 741, 747, 748, 751, 753, 758, 762, 
765, 772, 774, 782, 783, 786, 796, 797, 799, 811, 812, 826, 830, 
835, 847, 866, 868, 871, 885, 896, 904, 908, 910, 913, 918, 926, 
930, 933, 939, 940, 950, 955, 970, 975, 979, 988, 993, 1008, 1014, 
1037, 1038, 1042, 1047, 1066, 1071, 1078, 1087, 1092, 1099, 1106, 
1109, 1172, 1189, 1220, 1223, 1267, 1270, 1288, 1305, 1316, 1320, 
1322, 1332, 1350, 1364, 1373, 1398, 1426, 1535, 1564, 1569, 1622, 
1649, 1663, 1676, 1911, 1938, 2005, 2113, 2209, 2262, 2285, 2398, 
2417, 2470, 2503, 2549, 2637, 2832, 2846

Soybean Seeds–Black in Color. Used as Food (Including in 
Fermented Black Soybeans and Inyu), Beverage, Feed, or 
Medicine, or Their Nutritional Value 339, 431, 657, 1234, 1365, 
2138, 2380, 2619

Soybean Seeds–Brown in Color. Especially Early Records 68, 112, 
165, 168, 181, 182, 210, 233, 241, 250, 257, 258, 271, 283, 292, 
305, 306, 318, 338, 339, 377, 386, 393, 394, 415, 417, 421, 425, 
431, 458, 463, 467, 484, 491, 495, 519, 530, 550, 556, 560, 563, 
566, 578, 593, 594, 599, 600, 602, 607, 608, 609, 620, 626, 632, 
635, 646, 661, 672, 683, 714, 740, 774, 797, 910, 913, 922, 975, 
979, 1003, 1014, 1078, 1086, 1099, 1109, 1305, 1350, 1365, 2285

Soybean Seeds–Green in Color. Food Use is Not Mentioned. Early 
Named Varieties Include Aoda, Columbia, Giant Green, Guelph or 
Medium Green, Medium Early Green, Medium Green, Samarow, 
Sonoma, and Tashing 26, 69, 78, 93, 135, 138, 147, 152, 156, 174, 
181, 187, 190, 192, 206, 208, 210, 217, 225, 233, 236, 241, 250, 
257, 258, 283, 290, 305, 306, 318, 322, 325, 332, 338, 339, 369, 
377, 390, 393, 394, 406, 407, 410, 415, 417, 425, 431, 444, 447, 
454, 466, 467, 469, 473, 485, 487, 489, 491, 495, 497, 498, 506, 

515, 517, 519, 530, 535, 536, 541, 544, 550, 555, 556, 570, 578, 
592, 593, 594, 595, 596, 598, 608, 632, 635, 646, 656, 657, 684, 
696, 701, 706, 725, 727, 740, 797, 800, 811, 812, 910, 1099, 1134, 
1305, 1350, 1365

Soybean Seeds–Green in Color. Used as Food, Beverage, Feed, or 
Medicine, or Their Nutritional Value 407

Soybean Seeds–Mottled, Speckled, Spotted, Striped, Banded, 
Flecked, Variegated, or Bicolored 257, 282, 305, 393, 394, 467, 
519, 715, 740, 1365

Soybean Seeds–Red in Color 302

Soybean Seeds–White in Color 33, 62, 68, 69, 78, 93, 98, 137, 138, 
187, 282, 283, 369, 383, 491, 530

Soybean Seeds–Yellow in Color. Including Yellowish White, Cream 
Colored, and Pale (Pallida). Especially Early Records. See also: 
Soybean Seeds–White 26, 34, 45, 63, 68, 76, 103, 112, 137, 147, 
151, 165, 168, 177, 181, 182, 192, 206, 210, 213, 225, 233, 236, 
237, 241, 249, 250, 257, 258, 262, 282, 283, 292, 296, 302, 305, 
306, 318, 326, 332, 338, 339, 355, 369, 377, 379, 390, 393, 394, 
407, 410, 415, 425, 431, 434, 437, 447, 452, 454, 455, 456, 466, 
467, 469, 473, 478, 480, 481, 482, 484, 487, 491, 495, 509, 517, 
519, 520, 523, 530, 535, 536, 538, 544, 546, 550, 551, 553, 555, 
556, 558, 566, 573, 578, 592, 593, 594, 595, 599, 602, 608, 609, 
611, 612, 613, 632, 634, 635, 646, 654, 656, 657, 660, 672, 683, 
684, 690, 696, 698, 714, 715, 725, 727, 740, 754, 765, 774, 797, 
800, 807, 811, 812, 814, 898, 910, 913, 939, 1014, 1078, 1086, 
1099, 1280, 1305, 1350, 1365, 2262, 2790

Soybean–Taxonomy / Classifi cation 692, 1475, 1521, 1684, 2271, 
2279, 2280, 2525

Soybean–Terminology and Nomenclature–Fanciful Terms and 
Names 715, 765, 1290

Soybean Varieties Canada–Harosoy 1469, 1654, 2357, 2659, 2714, 
2833

Soybean Varieties Canada–Maple Arrow 2357, 2470, 2659, 2714, 
2790, 2833

Soybean Varieties Canada–O.A.C. 111–Early Development 910, 
2790

Soybean Varieties Canada–O.A.C. 211–Early Development 683, 
910, 950, 1014, 1037, 1038, 1086, 1109, 1305, 2357, 2659, 2790

Soybean Varieties Canada–O.A.C. No. 81–Early Development 1305

Soybean Varieties Canada–Quebec No. 537–Early Development 
410, 454

Soybean Varieties Canada–Quebec No. 92–Early Development 410, 
454, 517, 910, 1109, 1172

Soybean Varieties Europe–Gelbe Riesen (“Yellow Giant” / Giant 
Yellow)–Early Introduction 250, 390, 519, 1092



NITROGEN FIXATION IN SOYBEANS (1887-2018)   1112

© Copyright Soyinfo Center 2018

Soybean Varieties USA–Acme–Early Introduction 230, 341, 379, 
420, 421, 425, 484, 491, 535, 2714

Soybean Varieties USA–Agate–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1305, 1350, 1365, 2113

Soybean Varieties USA–A.K.–Early Introduction 417, 491, 602, 
611, 649, 650, 654, 672, 699, 714, 724, 765, 772, 908, 922, 1086, 
1350, 1355, 2357

Soybean Varieties USA–Aksarben–Early Introduction 685, 756, 
786, 797, 811, 812, 896, 913, 1099, 1305, 1350

Soybean Varieties USA–American Coffee Berry–Early 
Introduction. Renamed Ito-San by about 1902 415, 1305

Soybean Varieties USA–Amherst–Early Introduction 228, 332, 415, 
425, 455, 473, 489, 491, 551, 811, 812, 1305

Soybean Varieties USA–Aoda–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1280, 1305, 1350, 1365

Soybean Varieties USA–Arlington–Early Introduction 332, 390, 
410, 417, 425, 454, 455, 485, 535, 607, 620, 654, 685, 725, 786, 
797, 811, 812, 1350

Soybean Varieties USA–Asahi–Early Introduction 137, 233

Soybean Varieties USA–Auburn–Early Selection (1907) 325, 386, 
417, 421, 432, 455, 463, 489, 519, 594, 1086, 2947

Soybean Varieties USA–Austin–Early Introduction 257, 305, 326, 
332, 385, 417, 425, 467, 519, 535, 556, 594, 647, 725, 747, 797, 
896, 1350

Soybean Varieties USA–Baird–Early Introduction 250, 332, 365, 
393, 394, 447, 535, 740

Soybean Varieties USA–Bakaziro / Bakajiro–Early Introduction. 
Renamed Amherst by May 1907 181, 187

Soybean Varieties USA–Bansei–Large-Seeded and / or Vegetable-
Type 1084, 1099, 1234, 1280, 1305, 1350, 1365, 1420, 1510, 1634, 
2138

Soybean Varieties USA–Barchet–Early Introduction 341, 407, 425, 
455, 478, 479, 481, 493, 530, 535, 544, 607, 609, 656, 657, 747, 
797, 981, 1008, 1042, 1078, 1099

Soybean Varieties USA–Best Green–Early Introduction. Renamed 
Hope by 1910 137, 187, 233

Soybean Varieties USA–Biloxi–Early Introduction 522, 523, 530, 
535, 544, 607, 609, 620, 696, 747, 748, 762, 774, 796, 797, 821, 
826, 890, 926, 975, 988, 1008, 1078, 1086, 1087, 1099, 1172, 1350, 
1426, 1463, 1698, 1938, 2113, 2143, 2263, 2285, 2312, 2549, 2637, 
2651, 2695

Soybean Varieties USA–Black–Early Introduction. Renamed 

Buckshot by May 1907 283, 377, 425, 484, 491

Soybean Varieties USA–Black Ebony–Early Introduction 538, 586, 
599, 847

Soybean Varieties USA–Black Eyebrow–Early Introduction 447, 
487, 506, 530, 544, 555, 584, 590, 592, 593, 594, 607, 609, 620, 
632, 635, 646, 656, 657, 668, 672, 684, 706, 709, 725, 726, 727, 
741, 747, 753, 756, 786, 797, 799, 811, 812, 835, 868, 896, 908, 
910, 913, 935, 1086, 1099, 1270, 1305, 1321, 1350

Soybean Varieties USA–Black Round–Early Introduction 187

Soybean Varieties USA–Brindle–Early Introduction 332

Soybean Varieties USA–Brooks–Early Introduction 326, 332, 519

Soybean Varieties USA–Brown–Early Introduction 283, 377, 417, 
421, 425, 484, 797, 910, 922, 1109

Soybean Varieties USA–Brownie–Early Introduction 230, 250, 305, 
365, 390, 393, 394, 491, 704, 740, 803

Soybean Varieties USA–Buckshot–Early Introduction 250, 257, 
305, 318, 332, 425, 467, 519, 692

Soybean Varieties USA–Butterball–Early Introduction 250, 305, 
332, 519, 692

Soybean Varieties USA–Chame–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Chernie–Early Introduction 332, 393, 394, 
415, 417, 455, 519, 725, 740, 797, 1086, 1099, 1305, 1350

Soybean Varieties USA–Cherokee–Large-Seeded and / or 
Vegetable-Type 1234, 1280, 1350

Soybean Varieties USA–Chestnut–Early Selection (1907) 332, 455, 
473, 489, 491, 495, 515, 519, 551, 555, 556, 584, 592, 635, 668, 
725, 726, 747, 756, 797, 811, 812, 908, 910, 913, 930, 1099, 1270, 
1305, 1350

Soybean Varieties USA–Chiquita–Early Introduction 530, 696, 725, 
747, 797, 896, 975, 1008, 1078, 1087, 1099, 1350

Soybean Varieties USA–Chusei–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1305, 1350

Soybean Varieties USA–Claud–Early Introduction 447

Soybean Varieties USA–Cloud–Early Introduction 332, 410, 415, 
425, 437, 454, 455, 482, 484, 485, 489, 556, 1305

Soybean Varieties USA–Columbia / Columbian–Early Introduction 
332, 786, 797, 811, 812, 896, 908, 1099, 1350, 1938, 2549

Soybean Varieties USA–Delsoy–Large-Seeded and / or Vegetable-
Type 1280, 1350
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Soybean Varieties USA–Disoy–Large-Seeded and / or Vegetable-
Type 1674, 2138

Soybean Varieties USA–Duggar–Early Introduction 725

Soybean Varieties USA–Dunfi eld–Early Introduction 685, 785, 786, 
790, 797, 799, 811, 812, 830, 838, 868, 871, 907, 908, 913, 933, 
935, 955, 980, 1014, 1066, 1078, 1099, 1292, 1320, 1350, 1361

Soybean Varieties USA–Early Black–Early Introduction. Renamed 
Buckshot by May 1907 147, 168, 181, 182, 192, 225, 241, 311, 388, 
415, 491, 542, 582, 590, 593, 594, 595, 672, 1014, 1109, 1305

Soybean Varieties USA–Early Brown–Early Introduction 168, 182, 
210, 233, 241, 305, 362, 374, 386, 415, 458, 463, 467, 495, 519, 
530, 550, 556, 560, 563, 566, 578, 582, 590, 593, 594, 599, 600, 
602, 607, 620, 626, 632, 635, 646, 647, 649, 661, 672, 683, 714, 
747, 753, 797, 908, 913, 1086, 1305, 1321, 1350

Soybean Varieties USA–Early Dwarf Green–Early Introduction 377

Soybean Varieties USA–Early Green–Early Introduction 152, 174, 
217, 225, 236, 290, 293, 315, 318, 322, 325, 332, 351, 506, 530, 
582, 632, 646, 797, 1099, 1350

Soybean Varieties USA–Early White–Early Introduction. Renamed 
Ito-San by about 1902 69, 93, 98, 116, 369, 491, 530

Soybean Varieties USA–Early Yellow–Early Introduction. Renamed 
Ito San by about 1902 137, 147, 151, 177, 182, 233, 292, 332, 374, 
390, 415, 491, 495, 530, 592, 613, 634, 683, 714, 797, 814, 910, 
913, 1086, 1099, 1305, 1350, 2714, 2790

Soybean Varieties USA–Easycook / Easy Cook–Early Introduction. 
Large-Seeded and/or Vegetable-Type 609, 797, 865, 870, 1008, 
1014, 1078, 1099, 1203, 1210, 1234, 1305, 1320, 1350

Soybean Varieties USA–Ebony–Early Introduction 229, 230, 305, 
326, 332, 386, 393, 394, 407, 410, 437, 447, 454, 463, 473, 482, 
485, 487, 489, 491, 515, 523, 535, 551, 555, 556, 584, 590, 592, 
594, 632, 635, 647, 672, 694, 714, 740, 747, 772, 786, 797, 811, 
812, 847, 868, 896, 904, 908, 955, 1086, 1099, 1305, 1350

Soybean Varieties USA–Eda–Early Introduction 332, 692

Soybean Varieties USA–Eda Mame–Early Introduction. Renamed 
Ito San by 1910 49, 68

Soybean Varieties USA–Edna–Early Introduction 437, 447, 482, 
556, 725

Soybean Varieties USA–Edward–Early Introduction 484, 523, 535

Soybean Varieties USA–Elton–Early Introduction 325, 489, 519, 
530, 556, 592, 594, 595, 706, 725, 747, 756, 786, 797, 811, 812, 
896, 908, 910, 913, 1099, 1305, 1350

Soybean Varieties USA–Emperor–Large-Seeded and / or Vegetable-
Type 1084, 1234, 1350, 1420

Soybean Varieties USA–Etum or Eatum–Large-Seeded and / or 
Vegetable-Type 1234, 1350

Soybean Varieties USA–Extra Early Black–Early Introduction. 
Renamed Buckshot by May 1907 147, 192, 225, 282, 519

Soybean Varieties USA–Extra Early Dwarf–Early Introduction 135, 
137

Soybean Varieties USA–Fairchild–Early Introduction 305, 332, 
393, 394, 740

Soybean Varieties USA–Flat Black–Early Introduction. Renamed 
Flat King by May 1907 233

Soybean Varieties USA–Flat King–Early Introduction 229, 230, 
305, 332, 491, 535, 594, 725

Soybean Varieties USA–Fuji–Large-Seeded and / or Vegetable-
Type 1084, 1099, 1234, 1280, 1350, 1420, 2138

Soybean Varieties USA–Funk Delicious–Large-Seeded and / or 
Vegetable-Type 1084, 1099, 1234, 1280, 1305, 1350, 1365, 1420

Soybean Varieties USA–Gardensoy–Large-Seeded and / or 
Vegetable-Type 2805, 2849

Soybean Varieties USA–Giant Green–Large-Seeded and / or 
Vegetable-Type 1084, 1234, 1257, 1420, 1634, 2138

Soybean Varieties USA–Goku–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Gosha–Early Introduction. Renamed 
Manhattan by May 1907 181, 187, 192

Soybean Varieties USA–Green and Black–Large-Seeded and / or 
Vegetable-Type 1234

Soybean Varieties USA–Green–Early Introduction 283, 632, 797, 
1305

Soybean Varieties USA–Green Medium–Early Introduction. 
Renamed Guelph by May 1907 187

Soybean Varieties USA–Green Samarow–Early Introduction. 
Renamed Samarow in 1907 225, 233, 390, 519

Soybean Varieties USA–Guelph–Early Introduction 228, 229, 230, 
257, 313, 318, 325, 332, 393, 394, 402, 407, 417, 425, 437, 447, 
455, 466, 467, 473, 487, 519, 530, 541, 544, 556, 646, 656, 657, 
692, 696, 725, 740, 797, 811, 812, 1099, 1350

Soybean Varieties USA–Habaro–Early Introduction. Also spelled 
“Habara” in Canada 415, 489, 491, 592, 790, 797, 811, 812, 908, 
910, 913, 930, 1099, 1109, 1305, 1350, 2714, 2790

Soybean Varieties USA–Haberlandt–Early Introduction 230, 257, 
278, 294, 305, 313, 326, 332, 341, 379, 393, 394, 407, 415, 420, 
421, 425, 455, 467, 473, 478, 481, 482, 484, 487, 491, 510, 515, 
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519, 523, 530, 535, 544, 551, 556, 594, 595, 609, 612, 632, 635, 
646, 654, 656, 672, 684, 686, 694, 699, 707, 724, 725, 740, 747, 
765, 769, 774, 786, 797, 811, 812, 866, 896, 908, 922, 1087, 1099, 
1305, 1316, 1320, 1350, 1361, 1938, 2262

Soybean Varieties USA–Hahto–Early Introduction. Large-Seeded 
and / or Vegetable-Type 530, 589, 607, 609, 620, 654, 656, 657, 
696, 747, 797, 865, 870, 896, 926, 981, 1008, 1014, 1078, 1099, 
1203, 1234, 1257, 1280, 1305, 1350

Soybean Varieties USA–Hakote–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Hamilton–Early Introduction 694, 709, 
786, 797, 811, 812, 896, 1350

Soybean Varieties USA–Hankow–Early Introduction 181, 241, 594

Soybean Varieties USA–Higan–Large-Seeded and / or Vegetable-
Type 1044, 1084, 1099, 1234, 1305, 1350, 1420

Soybean Varieties USA–Hiro–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Hokkaido–Large-Seeded and / or 
Vegetable-Type 1084, 1099, 1204, 1234, 1305, 1350, 1365, 1420, 
2138

Soybean Varieties USA–Hollybrook Early–Early Introduction. 
Renamed Midwest by 1948 237, 249, 377, 556, 774, 1350

Soybean Varieties USA–Hollybrook–Early Introduction 213, 225, 
230, 250, 257, 305, 318, 326, 332, 362, 369, 374, 386, 393, 394, 
407, 410, 416, 417, 425, 437, 447, 453, 454, 459, 463, 466, 467, 
473, 484, 485, 487, 489, 491, 504, 510, 515, 517, 523, 530, 535, 
536, 550, 556, 560, 563, 566, 593, 594, 595, 599, 600, 601, 602, 
613, 633, 634, 635, 646, 647, 654, 656, 657, 660, 672, 679, 684, 
685, 686, 690, 714, 715, 725, 726, 727, 740, 747, 797, 842, 896, 
1078, 1086, 1099, 1350, 1373

Soybean Varieties USA–Hongkong / Hong Kong–Early 
Introduction 305, 491, 551, 786, 797, 811, 812, 1099, 1350

Soybean Varieties USA–Hoosier–Early Introduction 594, 786, 797, 
896, 1099, 1350

Soybean Varieties USA–Hope–Early Selection (1905) 332, 455, 
725

Soybean Varieties USA–Hurrelbrink–Early Introduction 694, 786, 
811, 812, 1099, 1350

Soybean Varieties USA–Illington–Large-Seeded and / or Vegetable-
Type 1084, 1234, 1420

Soybean Varieties USA–Imperial–Large-Seeded and / or Vegetable-
Type 1084, 1099, 1234, 1350, 1420

Soybean Varieties USA–Indiana Hollybrook–Early Development 
715, 764, 797, 1099, 1350

Soybean Varieties USA–Ito San–Early Introduction. Synonyms–
Medium Early Yellow, Early White, Early Yellow, Kaiyuski Daizu, 
Kiyusuki Daidzu, Kysuki, Yellow Eda Mame, Dwarf Early Yellow, 
Early, Eda Mame, Coffee Berry 147, 168, 181, 182, 192, 210, 225, 
233, 236, 241, 249, 250, 257, 278, 305, 321, 325, 326, 332, 341, 
359, 362, 365, 369, 374, 379, 385, 386, 393, 394, 399, 402, 405, 
406, 407, 410, 415, 417, 425, 437, 444, 447, 453, 454, 455, 458, 
463, 465, 466, 467, 469, 471, 473, 476, 478, 481, 482, 484, 485, 
487, 489, 491, 495, 506, 510, 515, 517, 519, 530, 535, 538, 542, 
544, 553, 555, 556, 560, 563, 566, 573, 578, 582, 584, 587, 590, 
592, 593, 594, 595, 596, 598, 599, 600, 602, 613, 622, 625, 626, 
632, 633, 635, 637, 646, 648, 654, 656, 657, 664, 668, 672, 679, 
683, 684, 685, 690, 692, 696, 701, 706, 709, 714, 715, 725, 726, 
727, 730, 740, 747, 753, 756, 772, 786, 797, 800, 811, 812, 835, 
871, 898, 908, 910, 913, 926, 980, 1014, 1078, 1099, 1220, 1305, 
1350, 1679

Soybean Varieties USA–Jackson–Large-Seeded and / or Vegetable-
Type 1234, 1442, 1618, 1698

Soybean Varieties USA–Jefferson–Large-Seeded and / or 
Vegetable-Type 1234

Soybean Varieties USA–Jet–Early Introduction 305, 321, 359, 393, 
394, 405, 406, 417, 425, 444, 455, 484, 491, 495, 625, 668, 725, 
740, 797, 811, 812, 908, 1305, 1350, 2832, 2846

Soybean Varieties USA–Jogun–Large-Seeded and / or Vegetable-
Type 1084, 1099, 1234, 1280, 1305, 1350, 1365, 1420, 2138

Soybean Varieties USA–Kanrich–Large-Seeded and / or Vegetable-
Type 2029, 2040, 2138

Soybean Varieties USA–Kanro–Large-Seeded and / or Vegetable-
Type 1099, 1172, 1234, 1280, 1305, 1350, 1365

Soybean Varieties USA–Kanum–Large-Seeded and / or Vegetable-
Type 1234, 1350

Soybean Varieties USA–Kentucky–Early Introduction 369, 410, 
454, 485, 487

Soybean Varieties USA–Kingston–Early Introduction 257, 305, 
321, 332, 692, 979

Soybean Varieties USA–Kiyusuke Daizu–Early Introduction. Also 
spelled Kiyusuki, Kiuski, Kaiyuski, Kuiske, Keyuska, Kysuki 49, 
60, 68

Soybean Varieties USA–Kura–Large-Seeded and / or Vegetable-
Type 1084, 1099, 1234, 1280, 1305, 1350

Soybean Varieties USA–Laredo–Early Introduction 609, 747, 748, 
762, 769, 774, 782, 783, 796, 797, 826, 890, 896, 975, 993, 1008, 
1047, 1062, 1078, 1086, 1087, 1099, 1106, 1223, 1267, 1350, 1426, 
2209, 2262, 2285, 2417

Soybean Varieties USA–Lexington–Early Introduction 530, 556, 
594, 646, 654, 672, 786, 797, 811, 812, 896, 1087, 1099, 1350
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Soybean Varieties USA–Magna–Large-Seeded and / or Vegetable-
Type 1674

Soybean Varieties USA–Mammoth Brown–Early Introduction 747, 
774, 797, 975, 1078, 1087, 1099, 1305, 1350, 2285

Soybean Varieties USA–Mammoth–Early Introduction 228, 229, 
257, 305, 313, 318, 332, 341, 359, 393, 394, 405, 406, 407, 420, 
421, 425, 444, 467, 487, 510, 519, 530, 544, 607, 609, 625, 646, 
656, 657, 692, 696, 704, 737, 738, 739, 740, 797, 803, 896, 915, 
922, 1228, 1454

Soybean Varieties USA–Mammoth Yellow–Early Introduction 181, 
213, 225, 233, 237, 249, 262, 325, 326, 332, 355, 374, 377, 379, 
402, 425, 452, 456, 472, 473, 478, 482, 484, 495, 517, 520, 522, 
523, 535, 536, 538, 546, 556, 566, 573, 578, 590, 593, 594, 595, 
599, 612, 632, 635, 647, 654, 672, 684, 686, 690, 727, 747, 754, 
765, 769, 774, 796, 797, 800, 807, 811, 812, 826, 890, 898, 939, 
957, 1001, 1008, 1014, 1042, 1068, 1078, 1086, 1087, 1099, 1120, 
1229, 1280, 1350, 2262

Soybean Varieties USA–Manchu–Early Introduction 417, 447, 487, 
506, 530, 542, 544, 555, 556, 590, 592, 593, 594, 595, 609, 632, 
635, 637, 646, 656, 657, 667, 668, 672, 679, 684, 694, 699, 706, 
709, 714, 715, 724, 726, 727, 730, 741, 753, 756, 765, 772, 773, 
775, 785, 786, 797, 799, 806, 811, 812, 830, 835, 841, 842, 847, 
859, 868, 871, 907, 908, 910, 913, 926, 930, 933, 935, 939, 950, 
955, 957, 964, 980, 1014, 1037, 1038, 1050, 1066, 1078, 1086, 
1099, 1109, 1292, 1305, 1350

Soybean Varieties USA–Manchuria–Early Introduction 485, 489, 
635, 637, 797, 955, 1182, 1288, 1350

Soybean Varieties USA–Mandarin–Early Introduction 594, 609, 
635, 637, 654, 797, 811, 812, 835, 877, 908, 910, 913, 926, 950, 
980, 1014, 1037, 1038, 1066, 1086, 1099, 1109, 1172, 1223, 1270, 
1305, 1334, 1350, 1355, 2357, 2549, 2714

Soybean Varieties USA–Manhattan–Early Introduction 332, 410, 
437, 447, 454, 455, 487, 556, 725

Soybean Varieties USA–Medium Black–Early Introduction. 
Renamed Buckshot by 1948 49, 62, 69, 78, 93, 138, 225, 233, 495, 
725, 747

Soybean Varieties USA–Medium Early Black–Early Introduction. 
Renamed Buckshot by 1907 93, 137, 147, 168, 181, 182, 241, 415, 
582, 594, 1092, 1305

Soybean Varieties USA–Medium Early Green–Early Introduction. 
Renamed Guelph by about 1907 93, 138, 147, 156, 181, 278, 325, 
469, 582, 590, 595, 596, 598, 684

Soybean Varieties USA–Medium Early White–Early Introduction 
49, 68

Soybean Varieties USA–Medium Early Yellow–Early Introduction 
147, 168, 181, 210, 236, 241, 538, 582, 590, 715, 811, 812, 1305

Soybean Varieties USA–Medium Green–Early Introduction 49, 69, 
96, 116, 135, 147, 190, 192, 208, 210, 225, 233, 241, 257, 325, 332, 
369, 402, 406, 410, 415, 444, 453, 454, 466, 472, 473, 485, 487, 
489, 491, 495, 497, 515, 517, 530, 535, 536, 550, 555, 556, 570, 
578, 584, 592, 593, 594, 635, 646, 647, 692, 696, 701, 706, 725, 
727, 797, 800, 896, 908, 910, 1099, 1305, 1350

Soybean Varieties USA–Medium Late Black–Early Introduction 93

Soybean Varieties USA–Medium White–Early Introduction 49

Soybean Varieties USA–Medium Yellow–Early Selection (1905). 
Renamed Midwest by 1923 257, 283, 323, 325, 326, 332, 369, 393, 
394, 407, 410, 437, 447, 454, 455, 466, 472, 473, 478, 481, 487, 
491, 519, 530, 535, 544, 550, 551, 555, 556, 584, 592, 595, 602, 
646, 654, 656, 657, 660, 672, 714, 725, 740, 765, 797, 1099, 1350

Soybean Varieties USA–Mendota–Large-Seeded and / or Vegetable-
Type 1350, 1365

Soybean Varieties USA–Merko–Early Introduction 473, 491, 519, 
797, 896, 1350

Soybean Varieties USA–Meyer–Early Introduction 229, 230, 257, 
278, 305, 326, 332, 390, 415, 417, 467, 482, 491, 519, 551, 725, 
1075, 1305

Soybean Varieties USA–Midwest–Early Introduction 685, 694, 699, 
706, 714, 715, 725, 727, 765, 772, 785, 786, 797, 811, 812, 830, 
835, 866, 896, 908, 913, 982, 1099, 1350

Soybean Varieties USA–Mikado–Early Development 362, 386, 410, 
417, 421, 454, 463, 473, 489, 495, 530, 556, 594, 635, 646, 699, 
786, 797, 860, 896, 898, 908, 1086, 1220, 1305, 1350, 1679

Soybean Varieties USA–Minnesota 166 and Minnesota 167–Early 
Selections 592, 683, 910

Soybean Varieties USA–Minsoy–Early Introduction 797, 908, 913, 
930, 1099, 1109, 1182, 1350

Soybean Varieties USA–Mongol–Early Introduction 385, 410, 454, 
473, 489, 495, 515, 530, 555, 556, 583, 592, 593, 594, 595, 602, 
611, 613, 632, 635, 646, 647, 649, 650, 654, 660, 668, 672, 709, 
714, 715, 725, 747, 764, 765, 797, 1220, 1305, 1350, 1679

Soybean Varieties USA–Morse–Early Introduction 332, 410, 417, 
454, 463, 485, 515, 535, 556, 635, 646, 654, 699, 707, 747, 765, 
769, 786, 797, 811, 812, 866, 868, 896, 908, 922, 1086, 1099, 1350

Soybean Varieties USA–Nalrade–Early Introduction 137, 233

Soybean Varieties USA–Nanda–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1305, 1350, 1525

Soybean Varieties USA–Nemo–Early Introduction 332, 417

Soybean Varieties USA–Nigra–Early Introduction 1426

Soybean Varieties USA–Nuttall–Early Introduction 230, 318, 415, 
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491, 551, 811, 812, 1305

Soybean Varieties USA–Ogemaw / Ogema–Early Development. 
Synonym–Dwarf Brown (Morse 1948) 181, 190, 192, 225, 233, 
250, 257, 332, 467, 491, 517, 519, 593, 594, 635, 692, 725, 797, 
800, 811, 812, 979, 1003, 1014, 1086, 1099, 1109, 1350

Soybean Varieties USA–Ohio 9001–Early Introduction 489

Soybean Varieties USA–Ohio 9016–Early Introduction 489, 896, 
1305

Soybean Varieties USA–Ohio 9035–Early Development. Renamed 
Hamilton by 1923 406, 437, 447, 489, 495, 515, 556, 594, 595, 632, 
672, 797, 1305, 1350

Soybean Varieties USA–Okute / O’kute / O’Kute–Early 
Introduction 305, 332, 410, 454, 485, 725

Soybean Varieties USA–Olive Medium–Early Introduction 181, 
233, 241, 594, 599

Soybean Varieties USA–Osaya–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Otootan / O-too-tan–Early Introduction 
384, 479, 493, 535, 686, 693, 762, 774, 782, 783, 796, 797, 826, 
890, 918, 970, 975, 988, 1008, 1078, 1087, 1099, 1288, 1320, 1350, 
1364, 1398, 1426, 1569, 1938, 2262, 2637

Soybean Varieties USA–Peking / Pekin–Early Selection (1907) 321, 
332, 359, 362, 374, 386, 393, 394, 402, 405, 406, 407, 410, 417, 
421, 425, 454, 455, 463, 473, 478, 482, 484, 489, 515, 530, 535, 
536, 544, 556, 584, 592, 594, 599, 607, 609, 620, 635, 646, 654, 
656, 657, 668, 672, 694, 696, 706, 714, 725, 740, 747, 748, 758, 
772, 785, 786, 797, 811, 812, 830, 868, 896, 907, 908, 926, 933, 
1002, 1066, 1086, 1087, 1099, 1204, 1220, 1305, 1350, 1373, 1911, 
2113

Soybean Varieties USA–Perley’s Mongol–Early Selection (1912) 
385, 584, 797

Soybean Varieties USA–Pingsu–Early Introduction 332, 491, 725

Soybean Varieties USA–Pinpu–Early Introduction 685, 797, 913, 
1099, 1350

Soybean Varieties USA–Prize–Large-Seeded and / or Vegetable-
Type 1674

Soybean Varieties USA–Provar–Specialty, High Protein 1674

Soybean Varieties USA–Riceland–Early Introduction 229, 257, 341, 
467, 493, 519, 535, 1042

Soybean Varieties USA–Rokugatsu–Early Introduction 181, 187, 
192

Soybean Varieties USA–Rokusun–Large-Seeded and / or Vegetable-
Type 1008, 1099, 1234, 1257, 1280, 1305, 1350, 2138

Soybean Varieties USA–Sac–Large-Seeded and / or Vegetable-Type 
1234, 1350, 1365

Soybean Varieties USA–Samarow–Early Introduction 250, 257, 
313, 318, 390, 692

Soybean Varieties USA–Saskatoon–Early Introduction 635, 913

Soybean Varieties USA–Sato–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1280, 1350

Soybean Varieties USA–Sedo–Early Introduction 332

Soybean Varieties USA–Seminole–Large-Seeded and / or 
Vegetable-Type 1234, 1350, 1365, 1426, 1454, 1663, 2138

Soybean Varieties USA–Shanghai–Early Introduction 393, 394, 
421, 530, 535, 740, 797, 1350, 1373

Soybean Varieties USA–Sherwood–Early Introduction 305, 332, 
491, 535, 551, 594, 811, 812, 896, 1305

Soybean Varieties USA–Shingto–Early Introduction 415, 489, 519, 
725, 1305

Soybean Varieties USA–Shiro–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1305, 1350

Soybean Varieties USA–Sioux–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1257, 1350

Soybean Varieties USA–Sooty–Early Selection 326, 646, 797, 
1099, 1350

Soybean Varieties USA–Sousei–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Southern Prolifi c–Early Introduction 797, 
826, 1078, 1099, 1350

Soybean Varieties USA–Soysota–Early Introduction 756, 797, 908, 
913, 1099, 1350

Soybean Varieties USA–Stuart–Early Introduction 1911

Soybean Varieties USA–Suru–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Swan–Early Introduction 410, 417, 437, 
447, 454, 473, 485, 487, 491, 519, 535, 556, 635, 725

Soybean Varieties USA–Taha–Early Introduction 305, 332, 455, 
489, 1305

Soybean Varieties USA–Tamarat Sukun–Early Introduction 137, 
233

Soybean Varieties USA–Tarheel Black / Tar-Heel Black / Tar Heel 
Black–Early Introduction 421, 530, 646, 747, 774, 797, 1078, 1099, 
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1223, 1350

Soybean Varieties USA–Tarheel / Tar Heel / Tar-Heel–Early 
Introduction. Renamed Tarheel Black by May 1915 417, 437, 447, 
484, 535, 556, 672, 747

Soybean Varieties USA–Tashing–Early Introduction 305, 332, 393, 
394, 463, 491, 594, 725, 740, 1086

Soybean Varieties USA–Tastee–Large-Seeded and / or Vegetable-
Type 1234, 1280, 1350

Soybean Varieties USA–Toku–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Tokyo / Tokio–Early Introduction 229, 
230, 313, 341, 379, 420, 421, 425, 455, 478, 481, 484, 530, 535, 
544, 556, 609, 646, 656, 657, 725, 748, 774, 797, 826, 890, 926, 
1008, 1078, 1086, 1087, 1099, 1350, 2262

Soybean Varieties USA–Trenton–Early Introduction 421

Soybean Varieties USA–Verde–Large-Seeded and / or Vegetable-
Type 2138

Soybean Varieties USA–Very Dwarf Brown–Early Introduction 
241, 594

Soybean Varieties USA–Vireo–Early Introduction 519

Soybean Varieties USA–Virginia–Early Selection (1907) 425, 452, 
455, 482, 484, 493, 510, 515, 530, 535, 556, 593, 607, 609, 620, 
632, 646, 647, 654, 656, 657, 672, 694, 696, 699, 707, 714, 724, 
725, 732, 747, 748, 750, 762, 765, 769, 772, 774, 782, 783, 786, 
796, 797, 811, 812, 826, 866, 868, 871, 896, 904, 908, 926, 933, 
939, 955, 975, 1014, 1078, 1086, 1087, 1099, 1223, 1229, 1305, 
1350, 2285

Soybean Varieties USA–Waseda–Large-Seeded and / or Vegetable-
Type 1099, 1234, 1350

Soybean Varieties USA–Wea–Early Introduction 685, 786, 797, 
811, 812, 913, 1099, 1350

Soybean Varieties USA–White Eyebrow–Early Introduction 635, 
797, 1305

Soybean Varieties USA–Willomi–Large-Seeded and / or Vegetable-
Type 1084, 1099, 1234, 1305, 1350, 1420

Soybean Varieties USA–Wilson–Early Introduction 257, 305, 321, 
326, 332, 359, 369, 386, 393, 394, 405, 406, 407, 410, 417, 425, 
437, 444, 447, 452, 454, 455, 467, 473, 478, 481, 482, 484, 485, 
487, 491, 493, 495, 515, 517, 519, 523, 535, 536, 544, 555, 556, 
578, 584, 592, 593, 609, 625, 632, 646, 647, 654, 656, 657, 668, 
699, 707, 724, 725, 740, 747, 748, 751, 765, 772, 774, 797, 811, 
812, 866, 868, 871, 896, 904, 908, 933, 955, 1014, 1042, 1099, 
1305, 1350, 1663, 1676

Soybean Varieties USA–Wilson-Five / Wilson Five / Wilson 5 / 

Wilson-5 / Wilson V–Early Selection (1912) 530, 593, 607, 620, 
656, 657, 668, 672, 694, 747, 786, 797, 811, 812, 896, 908, 926, 
939, 1087, 1099, 1350

Soybean Varieties USA–Wing’s Extra Select Sable–Early 
Development 321, 359, 405, 406, 444, 495, 625

Soybean Varieties USA–Wing’s Mikado–Early Development 12, 
150, 321, 359, 405, 406, 444, 619, 625

Soybean Varieties USA–Wing’s Mongol–Early Development 321, 
359, 405, 406, 444, 485, 625

Soybean Varieties USA–Wing’s Pedigreed Sable–Early 
Development 444, 625

Soybean Varieties USA–Wing’s Sable–Early Development 321, 
359, 405, 406, 444

Soybean Varieties USA–Wisconsin Black–Early Introduction 168, 
182, 226, 257, 415, 465, 467, 469, 553, 573, 578, 582, 632, 668, 
672, 684, 726, 727, 753, 786, 797, 811, 812, 835, 908, 913, 930, 
950, 1014, 1037, 1038, 1086, 1099, 1305, 1350

Soybean Varieties USA–Wolverine–Large-Seeded and / or 
Vegetable-Type 1234, 1350

Soybean Varieties USA–Yamagata Cha-daidzu / Yamagata 
Chadaidzu / Yamagata-cha Daidzu–Early Introduction. Renamed 
Eda by about 1907 60, 68

Soybean Varieties USA–Yellow–Early Introduction 192, 491, 530, 
797

Soybean Varieties USA–Yellow Soy Bean or Yellow Soy–Early 
Introduction 68

Soybean Varieties USA–Yokoten / Yokotenn–Early Introduction 
530, 797, 1099, 1350

Soybean Varieties USA–Yoshioka–Early Introduction. Renamed 
Yosho by May 1907 187

Soybean Varieties USA–Yosho–Early Introduction 313, 489

Soybeans, black. See Soybean Seeds–Black in Color

Soybeans, ground (used as food). See Whole Dry Soybeans

Soybeans, whole dry (used unprocessed as feed). See Whole Dry 
Soybeans

Soybeans, whole dry (used unprocessed as food). See Whole Dry 
Soybeans

Soybeans, wild. See Wild Soybeans (General)

Soyfood products, commercial. See Commercial Soy Products–New 
Products
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Soyfoods Associations in Europe 2584

Soyfoods Center. See Soyinfo Center (Lafayette, California)

Soyfoods companies (Europe). See Nutrition et Nature (Revel near 
Toulouse, France) Toulouse, France). Founded in June, Sojinal / 
Biosoja (Formerly Cacoja)

Soyfoods (General Food Uses of Soybeans) 911, 1474, 1870, 1969, 
2001, 2227, 2348, 2441, 2550, 2556, 2557, 2584, 2747, 2862

Soyfoods Industry and Market Statistics, Trends, and Analyses–By 
Geographical Region. Includes per capita consumption of soybeans 
2472

Soyfoods movement. See Farm (The) (Summertown, Tennessee), 
Rodale Press (Emmaus, Pennsylvania)

Soyfoods Movement in Asia 2314

Soyinfo Center (Lafayette, California). Named Soyfoods Center 
until 1 Jan. 2007. Founded by William and Akiko Shurtleff 2116, 
2164, 2258, 2314, 2372, 2373, 2999

Soyland Farm. See Fouts Family of Indiana

Soymilk. See Calf, Lamb, or Pig Milk Replacers

Soymilk companies (Europe). See Alpro (Wevelgem, Belgium)

Soymilk, Concentrated or Condensed (Canned, Bottled, or Bulk). 
Also Called Soybase or Soy Base 258, 339, 530, 631, 692, 696, 
926, 977

Soymilk curds. See Curds Made from Soymilk

Soymilk–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 112, 258, 317, 344, 425, 1086, 2116

Soymilk, Fermented, in Liquid or Viscous Form (Basic Research, 
Acidophilus Soymilk or Soy Acidophilus Milk, Soy Viili, 
Buttermilk, Koumiss, Lassi, Piima, etc.). See also: Soy Yogurt, Soy 
Cheese, and Soy Kefi r 692, 1142, 1200, 1338, 1472, 1813

Soymilk, Fermented–Soy Kefi r 339

Soymilk shakes. See Shakes

Soymilk, Soy Drinks / Beverages, Soy-Based Infant Formulas, and 
Nogs (Liquid, Non-Fermented). Note–For Soymilk Products See 
Tofu, Yuba, Shakes, Soy Ice Cream, Soy Yogurt, and Soy Cheese 
or Cheese Alternatives 82, 112, 247, 258, 259, 282, 285, 296, 299, 
312, 317, 339, 344, 390, 425, 468, 474, 489, 505, 519, 530, 534, 
574, 577, 580, 612, 631, 656, 657, 692, 696, 697, 712, 716, 765, 
802, 851, 853, 865, 870, 875, 910, 917, 926, 932, 936, 937, 944, 
947, 960, 972, 976, 977, 1000, 1001, 1002, 1004, 1014, 1041, 1043, 
1078, 1086, 1109, 1142, 1162, 1172, 1173, 1175, 1199, 1203, 1223, 
1234, 1240, 1248, 1270, 1272, 1275, 1280, 1288, 1290, 1291, 1295, 
1307, 1318, 1320, 1327, 1329, 1338, 1365, 1367, 1373, 1420, 1463, 
1472, 1474, 1510, 1633, 1669, 1772, 1810, 1813, 1880, 1882, 1925, 

1931, 1937, 1966, 1969, 1970, 2023, 2116, 2124, 2140, 2147, 2222, 
2228, 2295, 2302, 2420, 2421, 2435, 2439, 2453, 2490, 2503, 2518, 
2530, 2549, 2550, 2567, 2617, 2637, 2651, 2695, 2753, 2965

Soymilk, Spray-Dried or Powdered 247, 339, 656, 657, 692, 936, 
947

Soynut Butter (Soynuts / Roasted Soybeans Ground to a Paste 
Resembling Peanut Butter; May Also Be Made from (Roasted) Soy 
Flour Mixed with a Little Oil) 1290

Soynuts–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 577, 613, 764, 926, 936

Soynuts (Oil Roasted or Dry Roasted / Toasted). See Also Irimame 
Used in Bean-Scattering (Mame-Maki) Ceremony at Setsubun 
(Lunar New Year) in Japan and Parched Soybeans 486, 498, 544, 
577, 612, 613, 692, 712, 764, 811, 812, 865, 870, 926, 936, 947, 
955, 972, 1031, 1198, 1206, 1223, 1240, 1254, 1275, 1290, 1307, 
1329, 1365, 1420, 1510, 1870, 2116, 2124, 2140, 2435, 2518, 2550

Space Travel or NASA Bioregenerative Life Support Systems 2563

Spencer Kellogg & Sons, Inc. (Buffalo, New York) 1474

Spillers Premier Products Ltd. (Puckeridge, Ware, Hertfordshire, 
England). Including Soya Foods Ltd [Named Soya Flour 
Manufacturing Co. Ltd. (1929-42), and Soya Foods Ltd. (1933)]. 
And incorporating British Soya Products (1932) 960, 1001, 1041, 
1043, 1152

Sprouts. See Soy Sprouts

Spun soy protein fi bers. See Soy Proteins–Textured Soy Protein 
Isolates

Sri Lanka. See Asia, South–Sri Lanka

Staley (A.E.) Manufacturing Co. (Decatur, Illinois; Acquired by 
Tate & Lyle PLC in June 1988) 675, 744, 805, 917, 932, 1067, 
1088, 1349, 1403, 1474, 1679, 1694, 2180, 2284

Standardization of nomenclature of soybean varieties. See 
Nomenclature of Soybean Varieties–Standardization of and 
Confusion

Standards, Applied to Soybeans or Soy Products 1772, 2147, 2228

Starch (Its Presence or Absence, Especially in Soybean Seeds) 26, 
34, 45

Starter culture for tempeh. See Tempeh Starter Culture, Spores, or 
Inoculum

Statistical Reporting Service of USDA. See United States 
Department of Agriculture (USDA)–Statistical Reporting Service 
(SRS)

Statistics. See the specifi c product concerned, e.g. Tofu Industry and 
Market Statistics
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Statistics on crushing of soybeans, soy oil and meal production 
and consumption. See individual geographic regions (such as Asia, 
Europe, Latin America, United States, World, etc.) and nations 
within each region

Statistics on soybean production. See Soybean Production and 
Trade–Industry and Market Statistics,

Statistics on soybean production, area and stocks. See individual 
geographic regions (such as Asia, Europe, Latin America, United 
States, etc.) and nations within each region

Statistics on soybean yields. See Yield Statistics, Soybean

Sterols or Steroid Hormones in Soybeans (Phytosterols–Including 
Beta-Sitosterol, Campesterol, and Stigmasterol from Which 
Steroids Such as Progesterone, Hydrocortisone, and Cortisone Can 
Be Made) 2605

Stettiner Oelwerke AG (founded 1910), Including Toepfer’s 
Oelwerke GmbH (also spelled Toeppfer’s and Toeppfer’s). In 1965 
became part of Oelmuehle Hamburg AG (Hamburg, Germany) 300, 
1111

Storage capacity of individual soybean crushing plants. See 
Soybean Crushing–Processing Capacity and/or Storage Capacity of 
Individual Plants–Statistics

Storage of Soybean Seeds, Viability and Life-Span During Storage 
or Storability, and Drying of Soybeans 200, 257, 283, 307, 318, 
326, 332, 380, 388, 407, 415, 417, 425, 434, 466, 467, 486, 518, 
535, 544, 564, 608, 609, 612, 663, 692, 699, 724, 725, 737, 738, 
739, 835, 854, 885, 888, 894, 922, 950, 960, 980, 1086, 1100, 1173, 
1180, 1268, 1320, 1321, 1334, 1365, 1397, 1461, 1462, 1518, 1521, 
1539, 1570, 1609, 1642, 1669, 1697, 1721, 1767, 1786, 1811, 1813, 
1865, 1885, 1969, 1980, 2001, 2010, 2064, 2123, 2140, 2149, 2192, 
2227, 2228, 2308, 2332, 2372, 2382, 2466, 2468, 2505, 2508, 2530, 
2539, 2549, 2552, 2555, 2577, 2747, 3002

Straw, soybean. See Feeds / Forage from Soybean Plants–Straw

Strayer Family of Iowa–Incl. George Strayer (1910-1981; executive 
offi cer of the American Soybean Association 1940-1967), His 
Father Bert Strayer (1880-1941), and His Nephew Dennis Strayer 
(born 1938) 799, 808, 1146, 1290, 1337, 1403, 1420, 1679, 2284

Subsidies or support prices for soybeans. See Policies and 
Programs, Government

Sufu. See Tofu, Fermented

Sugars, complex, such as raffi nose, stachyose, and verbacose. See 
Oligosaccharides

Sunfl ower Seeds and Sunfl owers (Helianthus annuus)–Including 
Sunfl owerseed Oil, Cake, and Meal. Once called the Heliotrope, 
Heliotropion, and Heliotropium 244, 283, 393, 551, 692, 737, 738, 
739, 824, 1290, 1611, 1745, 2147, 2261, 2293, 2399, 2490, 2852

Sunsoy Products Ltd. See Victory Soya Mills Ltd.

Sustainable Development and Growth, Including Low-Input 
Sustainable Agriculture (LISA), Renewable Energy Resources 
(Solar, Wind), Steady State Economics, and Voluntary Simplicity 
Worldwide 2684, 2720, 2782, 2799

Swift & Co. (Chicago, Champaign, and Oak Brook, Illinois) 194, 
2287

Sword Bean. Canavalia gladiata (Jacq.) D.C. Also Known as the 
Knife Bean, Saber Bean 393

Table / Tables in Document 27, 29, 33, 34, 48, 59, 60, 61, 69, 78, 
93, 128, 133, 137, 138, 139, 146, 147, 156, 168, 181, 182, 190, 192, 
207, 212, 213, 215, 225, 226, 233, 234, 246, 257, 258, 259, 293, 
305, 306, 310, 313, 316, 317, 318, 332, 339, 365, 369, 379, 384, 
390, 393, 394, 397, 398, 406, 410, 425, 440, 446, 454, 463, 473, 
474, 482, 485, 489, 540, 574, 582, 593, 608, 612, 635, 646, 653, 
656, 672, 673, 740

Taiwan. See Asia, East–Taiwan

Taosi or tao-si or tausi or tau-si. See Fermented Black Soybeans–
from The Philippines

Tariffs, duties, embargoes. See Trade Policies (International) 
Concerning Soybeans, Soy Products, or Soyfoods–Tariffs, Duties, 
Embargoes, Moratoriums, and Other Trade Barriers or Subsidies

Taste Problems. See Flavor / Taste Problems

Tauco–Indonesian-Style Fermented Soybean Paste. Also Spelled 
Taucho, Tauceo, Tau Chiow, Taoco, Tao-Tjo, Taotjo, Taocho, 
Taoetjo 1000, 1974

Taxonomy. See Soybean–Taxonomy

Tempeh–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 1000

Tempeh, Homemade–How to Make at Home or on a Laboratory 
Scale, by Hand 2164

Tempeh in Second Generation Products, Documents About 2164

Tempeh, Non-Soy Relatives–Onchom (Oncom, Ontjom)–A cake 
of Peanut Presscake or Okara (Oncom Tahu) Fermented with 
Neurospora (Monilia sitophila = Oidium lupuli) molds 1000, 1974, 
2164, 2524

Tempeh, Non-Soy Relatives–Other Substrates Such as Winged 
Beans, Lupins, Velvet Beans, Brown Rice, Cassava, etc.. 2164

Tempeh Production–How to Make Tempeh on a Commercial Scale 
2164

Tempeh (Spelled Témpé in Malay-Indonesian) 1000, 1772, 1937, 
1974, 2010, 2064, 2116, 2140, 2147, 2164, 2197, 2199, 2228, 2315, 
2418, 2435, 2453, 2490, 2524, 2624, 2651, 2695, 3002
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Tempeh Starter Culture, Spores, or Inoculum (Called Ragi Tempe or 
Usar in Indonesia) 2164

Terminology for soybeans–Fanciful. See Soybean–Terminology and 
Nomenclature–Fanciful Terms and Names

Textiles made from spun soy protein fi bers. See Fibers (Artifi cial 
Wool or Textiles Made from Spun Soy Protein Fibers, Including 
Azlon, Soylon, and Soy Silk / Soysilk)

Textured soy fl ours. See Soy Flours, Textured (Including TVP, 
Textured Vegetable Protein)

Textured soy protein isolates. See Soy Protein Isolates, Textured 
(For Food Use Only). Including Spun Fibers

Textured soy proteins. See Soy Proteins, Textured

Third World / Developing Nations 823, 1173, 2197, 2228, 2504, 
2505

Tillage practices. See Soybean Cultural Practices–No Till Farming

Timeline. See Chronology / Timeline

Tofu (Also Called Soybean Curd or Bean Curd until about 1975-
1985). See also Tofu–Fermented, Soy Ice Creams, Soy Yogurts, and 
Cheesecake, Which Often Use Tofu as a Major Ingredient 59, 82, 
101, 102, 112, 187, 246, 247, 250, 258, 259, 285, 294, 295, 296, 
299, 300, 312, 317, 318, 339, 344, 425, 431, 468, 474, 489, 500, 
505, 519, 534, 574, 577, 580, 612, 656, 657, 692, 696, 697, 712, 
716, 782, 783, 853, 865, 870, 911, 926, 936, 937, 947, 955, 1000, 
1004, 1014, 1041, 1042, 1074, 1075, 1078, 1109, 1142, 1162, 1173, 
1199, 1203, 1223, 1240, 1248, 1272, 1275, 1280, 1290, 1291, 1295, 
1318, 1329, 1338, 1365, 1367, 1373, 1420, 1472, 1474, 1669, 1772, 
1880, 1925, 1937, 1970, 1974, 1975, 2023, 2064, 2116, 2124, 2140, 
2147, 2164, 2199, 2228, 2295, 2357, 2366, 2380, 2413, 2418, 2421, 
2435, 2439, 2453, 2549, 2550, 2600, 2619, 2624, 2651, 2695, 2714, 
2736, 2753, 3002

Tofu curds. See Curds Made from Soymilk

Tofu Equipment 339

Tofu–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 294, 296, 299, 317, 344, 425, 580, 612, 1075, 
1078

Tofu, Fermented (Also Called Doufu-ru, Toufu-ru, Furu, Fuyu, 
Tahuri, Tahuli, Tajure, Tao-hu-yi, or Sufu). See also Tofu-yo 247, 
294, 339, 692, 926, 1000, 1199, 1270, 1329, 1669, 1772, 1937, 
2010, 2147, 2199, 2295, 2524

Tofu, Fermented–Etymology of This Term and Its Cognates / 
Relatives in Various Languages 926, 1329

Tofu, Firm (Chinese-Style) 296

Tofu, Fried (Especially Deep-Fried Tofu Pouches, Puffs, Cutlets, or 

Burgers; Agé or Aburagé, Aburaagé, Usu-agé, Atsu-agé or Nama-
agé, Ganmodoki or Ganmo, Hiryôzu / Hiryozu) 692, 1041

Tofu, Frozen, Dried-frozen, or Dried Whole (Not Powdered) 59, 82, 
246, 296, 534, 612, 692, 1041

Tofu, Frozen or Dried-Frozen–Etymology of This Term and Its 
Cognates / Relatives in Various Languages 296

Tofu, Homemade–How to Make at Home or on a Laboratory or 
Community Scale, by Hand 657

Tofu, Pressed, Chinese-Style (Toufukan / Doufugan / Dougan) 247, 
296, 1420

Tofu, Smoked 339, 574, 656, 657, 696, 926, 1270

Tofutti Brands, Inc. (Cranford, New Jersey)–Soy Ice Cream 
Company. Mintz’s Buffet Until Jan. 1982 3002

Tonga. See Oceania

Touchi or tou ch’i. See Fermented Black Soybeans

Tractors 559, 700, 838, 839, 840, 842, 960, 993, 1204

Trade (International–Imports, Exports) of Soybeans, Soy Oil, and / 
or Soybean Meal. See also Trade–Tariffs and Duties 26, 209, 251, 
259, 277, 283, 295, 296, 299, 300, 312, 316, 317, 318, 319, 344, 
384, 425, 435, 440, 449, 450, 461, 474, 489, 505, 519, 534, 554, 
574, 612, 656, 657, 686, 692, 696, 697, 699, 712, 800, 802, 824, 
834, 853, 857, 894, 952, 960, 988, 1000, 1001, 1003, 1004, 1039, 
1041, 1043, 1044, 1119, 1140, 1172, 1173, 1291, 1304, 1307, 1320, 
1329, 1475, 1514, 1669, 1795, 1806, 1822, 1829, 2001, 2143, 2196, 
2268, 2270, 2330, 2357, 2396, 2439, 2555, 2677, 2794, 2823, 2852

Trade of Soyfoods (Import and Export, not Including Soy Oil or 
Soybean Meal, but Including Lecithin and Margarine) or Soyfoods 
Manufacturing Equipment. See also: Soy Sauce–Imports, Exports. 
Miso–Imports, Exports 246, 800

Trade Policies (International) Concerning Soybeans, Soy Products, 
or Soyfoods–Tariffs, Duties, Embargoes, Moratoriums, and Other 
Trade Barriers or Subsidies 300, 800, 805, 824, 847, 960, 2418

Trade statistics, Manchuria. See Manchuria–Trade (Imports or 
Exports) of Soybeans, Soy Oil, and / or Soybean Meal–Statistics

Trade statistics, South America. See Latin America–South America–
Trade (Imports or Exports) of Soybeans, Soy Oil, and / or Soybean 
Meal–Statistics

Trade statistics, Western Europe. See Europe, Western–Trade 
(Imports or Exports) of Soybeans, Soy Oil, and / or Soybean Meal–
Statistics

Trains, special. See Railroads / Railways and Special Trains and/or 
Exhibit Cars Used to Promote Soybeans and Soybean Production

Trans Fatty Acids 2677
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Transcaucasia. See Asia, Transcaucasia (Presently Armenia, 
Azerbaijan, and Georgia)

Transportation of Soybeans or Soy Products to Market by Railroad 
/ Railway / Rail within a Particular Country or Region. See also 
Railroads / Railways and Special Trains Used to Promote Soybeans 
and Soybean Production 316, 425, 574, 715, 860, 894, 1267, 2285

Transportation of Soybeans or Soy Products to Market by Roads or 
Highways Using Trucks, Carts, etc. within a Particular Country or 
Region 316, 696, 838, 894, 960, 1365

Transportation of Soybeans or Soy Products to Market by Water 
(Rivers, Lakes) Using Junks, Barges, etc. within a Particular 
Country or Region 696, 1043

Treatment of seeds. See Seed Treatment with Chemicals (Usually 
Fungicides) for Protection

Tropical and Subtropical Countries, Soybean Production in (Mostly 
in the Third World / developing countries) 474, 1441, 1835, 1885, 
1973, 2064, 2079, 2108, 2184, 2211, 2325, 2330, 2337, 2382, 2432, 
2468, 2472, 2476, 2478, 2495, 2500, 2508, 2522, 2687, 2688

Tropical kudzu. See Kudzu or Kuzu–Tropical Kudzu or Puero 
(Pueraria phaseoloides)

Trucks or Carts used to transport soybeans. See Transportation of 
Soybeans or Soy Products to Market by Roads or Highways

Trypsin / Protease / Proteinase Growth Inhibitors 2279, 2525

Turkey. See Asia, Middle East–Turkey

Turkeys Fed Soybeans, Soybean Forage, or Soybean Cake or Meal 
as Feed 181

TVP. See Soy Flours, Textured (Including TVP, Textured Vegetable 
Protein)

Unilever Corp., Lever Brothers Co., Unimills B.V. (Netherlands), 
and Margarine Union 285, 296, 318, 380, 534, 608, 612, 2357

United Kingdom. See Europe, Western–United Kingdom

United Nations (Including UNICEF, FAO, UNDP, UNESCO, and 
UNRRA) Work with Soy 1384, 1517, 1609, 1669, 1920, 2064, 
2070, 2124, 2142, 2228, 2235, 2319, 2325, 2358, 2359, 2361, 2362, 
2363, 2376, 2397, 2401, 2403, 2405, 2406, 2420, 2425, 2433, 2476, 
2480, 2549, 2687, 2688

United States Department of Agriculture (USDA)–Agricultural 
Adjustment Administration (AAA, 1933-1942) and Agricultural 
Adjustment Agency (1942-1945) 987, 1002, 1232

United States Department of Agriculture (USDA)–Agricultural 
Research Service (ARS, Established 1953). Including Agricultural 
Research Administration (1942-1953) 1341, 1350, 1410, 1411, 
1420, 1422, 1461, 1474, 1479, 1498, 1508, 1532, 1533, 1539, 1541, 

1544, 1550, 1565, 1568, 1569, 1595, 1672, 1673, 1717, 1753, 1792, 
1805, 1811, 1835, 2042, 2225, 2286, 2292, 2327, 2406, 2427, 2428, 
2486, 2489, 2499, 2554, 2558, 2605, 2606, 2817, 2870

United States Department of Agriculture (USDA)–Arlington 
Experimental Farm at Arlington, Virginia (1900-1942) 159, 187, 
228, 230, 250, 261, 303, 335, 393, 394, 420, 421, 530, 696, 697, 
740, 764, 767, 873, 1099, 1203, 1234

United States Department of Agriculture (USDA)–Bureau of 
Agricultural and Industrial Chemistry (1943-1953). Including 
Bureau of Agricultural Chemistry and Engineering (1938-1943), 
Bureau of Chemistry and Soils (1927-1938), and Bureau of 
Chemistry (1901-1927). Transferred to the Agricultural Research 
Service (ARS) in 1953 695, 1112, 1113

United States Department of Agriculture (USDA)–Bureau of 
Agricultural Economics (1922-1953). Including Bureau of Markets 
and Crop Estimates (1921-1922), Bureau of Markets (1913-1921), 
and Offi ce of Farm Management and Farm Economics (1905-1922). 
Transferred in 1953 to USDA’s Economic Research Service 460, 
695, 1340

United States Department of Agriculture (USDA)–Bureau of 
Entomology and Plant Quarantine (1934-1953). Including the 
Bureau of Entomology (1904-1934). Transferred to the Agricultural 
Research Service in 1953 695

United States Department of Agriculture (USDA)–Bureau of 
Human Nutrition and Home Economics (1943-1953). Including 
Bureau of Home Economics (1923-1943), Offi ce of Home 
Economics (1915-1923), and Nutrition and Home Economics Work 
in the Offi ce of Experiment Stations (1894-1915). Transferred to the 
Agricultural Research Service in 1953 695, 1234, 1290, 2258

United States Department of Agriculture (USDA)–Bureau of 
Plant Industry, Soils, and Agricultural Engineering (1943-1953). 
Including Bureau of Plant Industry (1901-1943), Offi ce of Plant 
Industry (1900-1901), and Division of Agrostology (1895-1901). 
Transferred to Agricultural Research Service in 1953 93, 103, 104, 
154, 166, 167, 185, 187, 201, 202, 222, 223, 228, 229, 230, 238, 
241, 243, 250, 252, 254, 257, 261, 263, 276, 301, 303, 304, 309, 
335, 337, 364, 368, 384, 393, 394, 395, 403, 407, 408, 415, 420, 
421, 431, 443, 455, 478, 481, 486, 506, 530, 533, 540, 544, 571, 
588, 589, 609, 627, 653, 666, 673, 678, 680, 692, 694, 695, 696, 
697, 703, 708, 734, 735, 736, 737, 738, 739, 740, 745, 746, 758, 
761, 764, 765, 766, 767, 768, 781, 782, 783, 789, 797, 800, 865, 
870, 889, 937, 967, 1003, 1006, 1074, 1075, 1084, 1099, 1119, 
1122, 1217, 1219, 1229, 1234, 1240, 1253, 1257, 1329, 1338, 1341, 
1349, 1350, 1351, 1365, 1420, 1806, 1911, 1967, 2180, 2258, 2284, 
2588

United States Department of Agriculture (USDA)–Foreign 
Agricultural Service (FAS, Est. 1953) Including Offi ce of Foreign 
Agricultural Relations (1939-1953). Foreign Agricultural Service 
(1938-1939) 1427, 1679

United States Department of Agriculture (USDA; Including Federal 
Grain Inspection Service [FGIS], and War Food Administration 
[WFA]). See also: Agricultural Marketing Service, Agricultural 
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Research Service (ARS), Bureau of Plant Industry, Economic 
Research Service, Food and Nutrition Service, Foreign Agricultural 
Service, and Section of Foreign Seed and Plant Introduction 67, 
107, 135, 137, 145, 159, 162, 175, 176, 179, 182, 186, 188, 200, 
207, 215, 218, 228, 229, 230, 234, 240, 242, 255, 264, 275, 316, 
339, 341, 356, 442, 458, 466, 467, 489, 491, 498, 503, 512, 519, 
520, 534, 535, 538, 543, 582, 607, 614, 741, 744, 748, 761, 765, 
766, 810, 860, 876, 898, 944, 1065, 1067, 1183, 1205, 1212, 1240, 
1261, 1269, 1297, 1301, 1311, 1347, 1385, 1491, 1494, 1593, 1594, 
1620, 1659, 1665, 1709, 1712, 1741, 1769, 1829, 1856, 1937, 1993, 
2001, 2020, 2040, 2064, 2180, 2246, 2249, 2250, 2262, 2284, 2325, 
2342, 2373, 2519, 2553, 2714, 2787, 2833, 2838, 2876, 2947, 2953, 
2954, 2959, 2964, 2965, 2967, 2968, 2973, 2975, 2976, 2977, 2978, 
2979, 2981, 2987

United States Department of Agriculture (USDA)–Offi ce of 
Experiment Stations (1888-1955). Transferred to the Cooperative 
State Experiment Station Service in 1961 35, 36, 37, 68, 74, 75, 
139, 342

United States Department of Agriculture (USDA)–Section of 
Foreign Seed and Plant Introduction (Established 1898 within the 
USDA with David Fairchild in Charge). Transferred to Bureau 
of Plant Industry (1 July 1901). Later Referred to as the Offi ce of 
Foreign Seed and Plant Introduction and then the Offi ce of Foreign 
Plant Introduction 187, 197, 222, 250, 431, 696, 889, 1074, 1075, 
1337, 1338, 1401, 2258

United States Department of Agriculture (USDA)–Statistical 
Reporting Service (SRS), incl. Bureau of Markets and Crop 
Estimates, BUreau of Crop Estimates, Bureau of Statistics, Division 
of Statistics 446

United States Department of Agriculture (USDA)–War Food 
Administration (WFA), Including the Food Production and 
Distribution Administration 1236, 1237

United States of America–Activities and Infl uence Overseas / 
Abroad 209, 213, 300, 713, 821, 889, 937, 1003, 1038, 1075, 1173, 
1234, 1304, 1305, 1329, 1373, 1494, 1525, 1676, 1698, 1785, 1856, 
1911, 1931, 1969, 1977, 2005, 2055, 2162, 2258, 2287, 2322, 2407, 
2418, 2445, 2507

United States of America–Soybean Production, Area and Stocks–
Statistics, Trends, and Analyses 446, 571, 664, 697, 712, 737, 738, 
739, 764, 782, 783, 797, 800, 805, 811, 812, 826, 853, 867, 1041, 
1085, 1186, 1196, 1240, 1277, 1282, 1329, 1340, 1474, 1518, 1539, 
1543, 1630, 1787, 2147, 2692

United States of America (USA) 12, 14, 23, 27, 28, 31, 33, 35, 36, 
37, 38, 39, 40, 43, 48, 49, 51, 52, 55, 56, 60, 61, 62, 63, 67, 68, 69, 
70, 71, 74, 75, 78, 79, 82, 84, 85, 90, 92, 93, 97, 98, 102, 103, 104, 
105, 106, 107, 108, 109, 110, 111, 112, 113, 115, 118, 119, 120, 
121, 124, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 137, 
138, 139, 140, 141, 143, 144, 145, 146, 147, 148, 149, 150, 151, 
152, 153, 154, 155, 156, 157, 159, 160, 161, 162, 164, 166, 167, 
168, 171, 173, 174, 175, 176, 177, 179, 180, 181, 182, 184, 185, 
186, 187, 188, 190, 191, 192, 194, 195, 196, 197, 198, 199, 200, 
201, 202, 204, 205, 206, 207, 208, 210, 214, 215, 217, 218, 220, 
222, 223, 224, 225, 226, 227, 228, 229, 230, 233, 234, 235, 236, 

237, 238, 239, 240, 241, 242, 243, 245, 248, 249, 250, 251, 252, 
253, 254, 255, 257, 259, 260, 261, 262, 263, 264, 265, 269, 270, 
272, 274, 275, 276, 278, 279, 280, 281, 282, 286, 287, 290, 291, 
292, 293, 294, 296, 297, 298, 301, 303, 304, 307, 308, 309, 310, 
311, 312, 313, 314, 316, 319, 320, 321, 322, 323, 324, 325, 326, 
327, 328, 329, 332, 333, 335, 337, 339, 340, 341, 343, 344, 345, 
346, 347, 348, 349, 350, 351, 354, 355, 356, 358, 359, 361, 362, 
363, 364, 368, 369, 370, 372, 373, 374, 375, 376, 377, 378, 379, 
380, 382, 383, 384, 385, 386, 387, 388, 389, 391, 392, 393, 394, 
395, 397, 399, 400, 402, 403, 404, 405, 406, 407, 408, 409, 410, 
411, 412, 414, 415, 416, 417, 419, 420, 421, 422, 423, 424, 425, 
426, 427, 429, 430, 431, 432, 435, 436, 437, 438, 439, 440, 441, 
442, 443, 444, 445, 446, 447, 448, 450, 451, 452, 453, 454, 455, 
456, 458, 459, 460, 461, 462, 463, 465, 466, 467, 469, 470, 471, 
472, 473, 474, 475, 476, 477, 478, 479, 481, 482, 483, 484, 485, 
486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 
499, 500, 501, 502, 503, 504, 506, 507, 508, 509, 510, 511, 512, 
513, 515, 516, 517, 518, 519, 520, 521, 522, 523, 525, 526, 527, 
528, 529, 530, 531, 532, 533, 534, 535, 536, 538, 539, 540, 541, 
542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 
555, 556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 
568, 569, 570, 571, 572, 573, 574, 575, 576, 578, 579, 581, 582, 
583, 584, 585, 586, 587, 588, 589, 590, 591, 592, 593, 594, 595, 
596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 
609, 610, 611, 613, 614, 615, 616, 617, 618, 619, 621, 622, 623, 
624, 625, 626, 627, 628, 629, 630, 632, 633, 634, 635, 636, 637, 
638, 639, 640, 641, 642, 643, 645, 646, 647, 648, 649, 650, 651, 
653, 654, 655, 656, 657, 658, 659, 660, 661, 663, 664, 665, 666, 
667, 668, 669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 
680, 681, 682, 683, 684, 685, 686, 687, 688, 689, 691, 692, 693, 
694, 695, 696, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708, 
709, 710, 711, 712, 714, 715, 717, 718, 719, 721, 722, 723, 724, 
725, 726, 727, 728, 729, 730, 732, 733, 734, 735, 736, 737, 738, 
739, 740, 741, 742, 743, 744, 745, 746, 747, 748, 749, 750, 751, 
752, 753, 754, 755, 756, 757, 758, 759, 760, 761, 762, 763, 764, 
765, 766, 767, 768, 769, 770, 772, 773, 774, 775, 776, 777, 778, 
779, 780, 781, 782, 783, 784, 785, 786, 787, 788, 789, 790, 792, 
794, 795, 796, 797, 799, 800, 801, 802, 804, 805, 806, 808, 809, 
810, 811, 812, 813, 814, 815, 816, 817, 820, 822, 823, 824, 826, 
827, 828, 829, 830, 831, 835, 836, 837, 838, 839, 840, 841, 842, 
843, 844, 845, 846, 847, 851, 852, 853, 855, 858, 859, 860, 861, 
864, 865, 866, 868, 869, 870, 871, 872, 873, 874, 875, 876, 877, 
878, 879, 880, 882, 887, 890, 891, 892, 893, 894, 896, 897, 898, 
903, 904, 905, 906, 907, 908, 911, 912, 913, 915, 916, 917, 919, 
920, 924, 926, 929, 930, 931, 932, 933, 935, 938, 939, 940, 942, 
944, 946, 949, 951, 953, 954, 955, 956, 957, 958, 960, 962, 964, 
965, 966, 967, 969, 973, 975, 977, 978, 979, 980, 981, 982, 985, 
986, 987, 989, 990, 992, 993, 996, 998, 999, 1000, 1001, 1002, 
1003, 1004, 1006, 1008, 1009, 1014, 1018, 1020, 1021, 1022, 1023, 
1024, 1025, 1028, 1029, 1030, 1031, 1033, 1036, 1040, 1041, 1043, 
1044, 1045, 1046, 1047, 1050, 1051, 1055, 1056, 1057, 1058, 1060, 
1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068, 1070, 1074, 1075, 
1076, 1084, 1085, 1086, 1087, 1088, 1089, 1091, 1093, 1094, 1095, 
1096, 1097, 1099, 1103, 1104, 1106, 1108, 1109, 1110, 1111, 1112, 
1113, 1114, 1115, 1119, 1120, 1123, 1124, 1125, 1126, 1128, 1129, 
1133, 1137, 1138, 1139, 1143, 1144, 1145, 1146, 1147, 1148, 1152, 
1153, 1155, 1156, 1164, 1174, 1177, 1178, 1179, 1180, 1182, 1183, 
1184, 1186, 1187, 1188, 1191, 1192, 1193, 1196, 1197, 1203, 1204, 
1205, 1206, 1209, 1212, 1214, 1217, 1218, 1219, 1220, 1221, 1224, 
1225, 1226, 1227, 1228, 1229, 1230, 1232, 1233, 1234, 1235, 1236, 
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1237, 1240, 1241, 1246, 1250, 1251, 1253, 1254, 1255, 1256, 1257, 
1258, 1259, 1260, 1261, 1262, 1264, 1265, 1267, 1269, 1270, 1271, 
1272, 1274, 1276, 1277, 1278, 1279, 1281, 1282, 1283, 1284, 1285, 
1286, 1287, 1288, 1289, 1290, 1291, 1294, 1297, 1298, 1301, 1302, 
1303, 1306, 1309, 1311, 1312, 1313, 1314, 1318, 1319, 1320, 1321, 
1323, 1325, 1326, 1328, 1330, 1331, 1333, 1334, 1335, 1337, 1338, 
1339, 1340, 1341, 1347, 1349, 1350, 1351, 1354, 1356, 1357, 1358, 
1360, 1365, 1366, 1367, 1368, 1369, 1375, 1376, 1377, 1378, 1379, 
1385, 1390, 1392, 1393, 1394, 1397, 1400, 1401, 1403, 1405, 1407, 
1409, 1410, 1411, 1412, 1413, 1420, 1422, 1423, 1425, 1427, 1430, 
1431, 1432, 1434, 1436, 1437, 1439, 1442, 1443, 1445, 1446, 1459, 
1460, 1461, 1462, 1463, 1464, 1466, 1469, 1472, 1473, 1474, 1477, 
1478, 1479, 1485, 1488, 1491, 1497, 1498, 1504, 1505, 1506, 1508, 
1509, 1510, 1513, 1515, 1518, 1521, 1523, 1526, 1527, 1528, 1530, 
1532, 1533, 1537, 1539, 1540, 1541, 1543, 1544, 1546, 1547, 1548, 
1550, 1552, 1553, 1554, 1555, 1556, 1557, 1565, 1567, 1568, 1569, 
1572, 1575, 1580, 1581, 1582, 1583, 1585, 1586, 1589, 1593, 1594, 
1595, 1596, 1599, 1600, 1601, 1602, 1603, 1604, 1606, 1609, 1612, 
1613, 1614, 1618, 1619, 1620, 1621, 1622, 1626, 1627, 1630, 1631, 
1633, 1634, 1635, 1636, 1637, 1638, 1644, 1659, 1660, 1661, 1662, 
1665, 1666, 1672, 1673, 1674, 1675, 1678, 1679, 1680, 1682, 1683, 
1684, 1686, 1693, 1694, 1697, 1699, 1702, 1703, 1704, 1705, 1708, 
1709, 1712, 1714, 1715, 1717, 1720, 1730, 1738, 1741, 1742, 1743, 
1745, 1747, 1748, 1751, 1753, 1754, 1756, 1759, 1761, 1766, 1768, 
1769, 1772, 1777, 1778, 1781, 1786, 1787, 1792, 1797, 1798, 1800, 
1801, 1805, 1806, 1807, 1811, 1816, 1817, 1820, 1821, 1822, 1824, 
1826, 1827, 1828, 1829, 1831, 1832, 1835, 1840, 1843, 1844, 1848, 
1849, 1850, 1852, 1853, 1854, 1858, 1860, 1866, 1867, 1869, 1870, 
1875, 1877, 1881, 1883, 1886, 1888, 1890, 1891, 1892, 1900, 1901, 
1902, 1903, 1905, 1908, 1910, 1911, 1914, 1916, 1922, 1928, 1929, 
1934, 1937, 1941, 1945, 1946, 1947, 1948, 1949, 1950, 1952, 1953, 
1958, 1961, 1963, 1966, 1967, 1968, 1972, 1976, 1978, 1986, 1991, 
1993, 1994, 1995, 1996, 1997, 1999, 2000, 2001, 2006, 2008, 2012, 
2016, 2017, 2020, 2021, 2024, 2027, 2028, 2029, 2030, 2033, 2034, 
2035, 2036, 2037, 2038, 2039, 2040, 2042, 2044, 2045, 2063, 2064, 
2069, 2071, 2074, 2077, 2079, 2080, 2081, 2082, 2083, 2086, 2087, 
2088, 2089, 2090, 2092, 2093, 2094, 2095, 2097, 2098, 2100, 2101, 
2102, 2103, 2105, 2107, 2108, 2109, 2110, 2111, 2112, 2113, 2114, 
2115, 2116, 2118, 2119, 2120, 2121, 2128, 2134, 2138, 2139, 2140, 
2142, 2143, 2147, 2149, 2150, 2152, 2156, 2159, 2160, 2164, 2169, 
2170, 2171, 2172, 2176, 2177, 2178, 2179, 2180, 2181, 2182, 2183, 
2196, 2197, 2199, 2200, 2204, 2205, 2206, 2209, 2210, 2211, 2212, 
2219, 2220, 2225, 2226, 2227, 2228, 2231, 2234, 2238, 2239, 2240, 
2246, 2249, 2250, 2251, 2252, 2254, 2257, 2258, 2259, 2261, 2262, 
2263, 2264, 2265, 2267, 2268, 2271, 2280, 2284, 2285, 2286, 2287, 
2288, 2290, 2292, 2293, 2304, 2312, 2313, 2314, 2315, 2316, 2320, 
2323, 2325, 2327, 2331, 2333, 2334, 2338, 2339, 2340, 2342, 2352, 
2356, 2360, 2364, 2365, 2366, 2369, 2372, 2373, 2375, 2377, 2386, 
2395, 2397, 2398, 2402, 2403, 2406, 2414, 2416, 2417, 2419, 2422, 
2424, 2427, 2428, 2430, 2432, 2435, 2436, 2437, 2441, 2444, 2446, 
2451, 2452, 2456, 2457, 2460, 2463, 2470, 2475, 2476, 2478, 2486, 
2487, 2488, 2489, 2496, 2499, 2502, 2503, 2505, 2506, 2511, 2513, 
2514, 2519, 2525, 2527, 2530, 2538, 2541, 2542, 2545, 2546, 2549, 
2553, 2554, 2555, 2556, 2557, 2558, 2561, 2562, 2563, 2568, 2578, 
2579, 2584, 2585, 2588, 2589, 2591, 2593, 2602, 2603, 2605, 2606, 
2608, 2609, 2611, 2612, 2613, 2622, 2627, 2631, 2635, 2638, 2644, 
2654, 2655, 2659, 2660, 2661, 2682, 2683, 2684, 2685, 2692, 2700, 
2704, 2711, 2714, 2723, 2727, 2729, 2732, 2733, 2734, 2736, 2737, 
2739, 2740, 2744, 2747, 2757, 2758, 2759, 2760, 2763, 2778, 2780, 
2785, 2787, 2790, 2794, 2795, 2799, 2803, 2804, 2805, 2807, 2809, 

2819, 2831, 2832, 2833, 2837, 2838, 2843, 2846, 2849, 2852, 2864, 
2865, 2867, 2869, 2870, 2873, 2876, 2880, 2884, 2907, 2917, 2928, 
2933, 2937, 2941, 2942, 2947, 2948, 2953, 2954, 2959, 2964, 2965, 
2967, 2968, 2970, 2973, 2974, 2975, 2976, 2977, 2978, 2979, 2981, 
2987, 2988, 2998, 3000, 3002

United States–States–Alabama 97, 202, 229, 252, 304, 341, 436, 
446, 512, 523, 535, 628, 697, 719, 942, 1518, 1539, 2006, 2417, 
2605, 2661, 2988

United States–States–Arizona 693, 782, 783, 797, 2263, 2933

United States–States–Arkansas 185, 250, 393, 394, 740, 796, 975, 
993, 1047, 1084, 1232, 1250, 1289, 1314, 1464, 1474, 1513, 1568, 
1599, 1910, 1950, 1958, 2147, 2209, 2284, 2285, 2327, 2417, 2736

United States–States–California 128, 185, 233, 431, 440, 673, 782, 
783, 797, 824, 1290, 1338, 1410, 1413, 1431, 1474, 1550, 1631, 
1717, 1786, 1787, 2029, 2082, 2083, 2094, 2116, 2138, 2160, 2164, 
2183, 2205, 2206, 2238, 2239, 2258, 2372, 2373, 2398, 2568, 2605, 
2683, 2799, 2804, 2809, 2832, 2846, 2933

United States–States–Colorado 508, 913, 1084, 1182, 1183, 2799

United States–States–Connecticut 14, 23, 27, 28, 31, 35, 36, 37, 43, 
85, 90, 111, 128, 138, 140, 185, 238, 363, 369, 410, 453, 454, 485, 
500, 539, 589, 617, 697, 712, 1004, 1267, 2113, 2138

United States–States–Delaware 191, 332, 349, 369, 393, 394, 556, 
697, 740, 767, 1229, 1638, 1714, 1978, 1997, 2016, 2234

United States–States–District of Columbia (Washington, DC) 12, 
68, 103, 150, 159, 162, 175, 176, 186, 187, 188, 197, 213, 218, 222, 
228, 229, 230, 243, 250, 254, 255, 257, 263, 264, 276, 301, 303, 
309, 313, 316, 337, 368, 394, 395, 406, 407, 408, 420, 431, 458, 
478, 481, 486, 530, 533, 543, 544, 571, 588, 607, 628, 645, 666, 
678, 680, 692, 734, 735, 736, 737, 738, 739, 740, 745, 746, 748, 
767, 768, 782, 783, 797, 800, 824, 865, 870, 889, 910, 937, 1003, 
1074, 1075, 1099, 1112, 1113, 1119, 1234, 1338, 1365, 1367, 1403, 
1963, 1968, 2197, 2316, 2424, 2446, 2460, 2496, 2568, 2852

United States–States–Florida 128, 230, 304, 529, 650, 1074, 1337, 
1338, 1618, 1659, 1792, 1835, 1875, 1922, 2150, 2240, 2249, 2507, 
2578, 2807, 2867, 2870

United States–States–Georgia 48, 68, 105, 176, 185, 202, 229, 286, 
303, 361, 368, 484, 522, 572, 614, 697, 743, 767, 1548, 1666, 1778, 
1877, 1934, 2225, 2352, 2692, 2941

United States–States–Hawaii 181, 185, 272, 339, 384, 467, 479, 
493, 692, 797, 911, 1000, 1074, 1084, 1290, 1311, 1329, 1720, 
2061, 2070, 2079, 2108, 2211, 2251, 2258, 2292, 2302, 2323, 2369, 
2419, 2446, 2478, 2505, 2635, 2654, 2662, 2734, 2757

United States–States–Idaho 1084, 2799

United States–States–Illinois 70, 93, 94, 98, 107, 113, 120, 126, 
137, 161, 162, 164, 171, 173, 180, 185, 233, 234, 250, 253, 257, 
275, 291, 304, 335, 358, 361, 414, 436, 442, 488, 491, 492, 501, 
509, 521, 538, 549, 551, 552, 555, 559, 583, 602, 605, 611, 613, 
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615, 627, 640, 649, 650, 651, 654, 660, 672, 675, 679, 683, 692, 
694, 697, 708, 710, 714, 723, 741, 744, 763, 764, 765, 768, 772, 
773, 775, 776, 786, 790, 797, 800, 804, 805, 806, 811, 812, 822, 
842, 847, 852, 855, 858, 872, 873, 874, 875, 876, 877, 878, 879, 
887, 891, 904, 905, 908, 917, 932, 933, 949, 954, 955, 957, 966, 
981, 982, 987, 992, 1000, 1002, 1014, 1020, 1024, 1025, 1028, 
1029, 1044, 1061, 1064, 1066, 1084, 1088, 1089, 1094, 1097, 1111, 
1124, 1126, 1129, 1148, 1184, 1187, 1192, 1196, 1197, 1204, 1227, 
1229, 1232, 1253, 1256, 1258, 1269, 1277, 1278, 1284, 1287, 1290, 
1297, 1301, 1311, 1339, 1340, 1349, 1358, 1366, 1368, 1378, 1379, 
1430, 1436, 1443, 1463, 1474, 1477, 1497, 1513, 1518, 1530, 1533, 
1539, 1541, 1543, 1552, 1553, 1554, 1555, 1557, 1595, 1622, 1633, 
1635, 1636, 1661, 1675, 1679, 1683, 1684, 1693, 1694, 1697, 1709, 
1730, 1738, 1741, 1777, 1778, 1781, 1797, 1822, 1870, 1900, 1901, 
1903, 1905, 1908, 1911, 1929, 1947, 1952, 1953, 1961, 1966, 1977, 
1993, 2001, 2020, 2088, 2089, 2098, 2100, 2114, 2120, 2142, 2150, 
2169, 2176, 2177, 2180, 2197, 2209, 2228, 2257, 2263, 2284, 2286, 
2287, 2302, 2312, 2325, 2327, 2340, 2373, 2397, 2417, 2435, 2446, 
2476, 2486, 2500, 2503, 2505, 2514, 2550, 2553, 2556, 2588, 2613, 
2622, 2659, 2692, 2723, 2729, 2737, 2778, 2780, 2805, 2833, 2849, 
2864, 2865, 2953, 2954, 2964, 2965, 2967, 2968, 2973, 2975, 2976, 
2977, 2978, 2979, 2981, 2987

United States–States–Indiana 12, 126, 128, 144, 150, 155, 185, 194, 
208, 210, 239, 241, 253, 257, 304, 308, 333, 361, 362, 374, 378, 
386, 387, 391, 393, 394, 405, 406, 411, 412, 416, 422, 432, 458, 
459, 460, 463, 466, 483, 492, 504, 509, 547, 549, 550, 555, 560, 
563, 567, 575, 585, 586, 594, 599, 600, 601, 606, 613, 633, 639, 
643, 649, 651, 654, 669, 670, 679, 682, 685, 691, 697, 700, 707, 
715, 718, 740, 764, 765, 766, 767, 768, 790, 797, 808, 813, 814, 
815, 827, 837, 838, 839, 840, 841, 842, 860, 871, 873, 874, 882, 
893, 898, 908, 917, 933, 955, 1000, 1014, 1047, 1055, 1066, 1088, 
1143, 1144, 1148, 1196, 1232, 1246, 1251, 1257, 1276, 1290, 1294, 
1302, 1306, 1314, 1340, 1350, 1474, 1505, 1568, 1595, 1602, 1679, 
1682, 1821, 1822, 1854, 1856, 2093, 2180, 2284, 2605, 2659, 2692, 
2803, 2947, 2948, 2970

United States–States–Introduction of Soybeans to. Earliest 
document seen concerning soybeans in a certain U.S. state 60, 128

United States–States–Introduction of Soybeans to. Earliest 
document seen concerning soybeans or soyfoods in connection with 
(but not yet in) a certain U.S. state 185

United States–States–Introduction of Soybeans to. Earliest 
document seen concerning the cultivation of soybeans in a certain 
U.S. state 60, 111, 128, 185, 187

United States–States–Introduction of Soybeans to. This document 
contains the earliest date seen for soybeans in a certain U.S. state 
60, 128, 415

United States–States–Introduction of Soybeans to. This document 
contains the earliest date seen for the cultivation of soybeans in a 
certain U.S. state 60, 111, 128, 185, 187, 415

United States–States–Iowa 127, 128, 151, 155, 276, 538, 555, 562, 
584, 585, 592, 596, 667, 668, 697, 701, 728, 741, 745, 753, 766, 
767, 768, 778, 785, 790, 792, 799, 808, 810, 820, 830, 842, 868, 
873, 882, 898, 908, 917, 924, 929, 931, 935, 962, 1000, 1145, 1146, 

1148, 1156, 1196, 1209, 1219, 1225, 1232, 1251, 1253, 1264, 1265, 
1274, 1277, 1281, 1290, 1296, 1297, 1303, 1309, 1314, 1323, 1325, 
1330, 1340, 1351, 1385, 1400, 1443, 1459, 1469, 1474, 1479, 1513, 
1526, 1532, 1540, 1543, 1544, 1556, 1565, 1568, 1580, 1581, 1582, 
1583, 1595, 1596, 1599, 1612, 1703, 1708, 1754, 1781, 1798, 1800, 
1801, 1822, 1831, 1832, 1911, 1928, 2138, 2150, 2180, 2263, 2327, 
2441, 2457, 2487, 2489, 2557, 2558, 2585, 2588, 2692, 2760, 2833, 
2869, 2917

United States–States–Kansas 49, 51, 52, 60, 63, 68, 82, 103, 107, 
109, 124, 128, 129, 130, 137, 138, 143, 154, 168, 177, 181, 182, 
185, 229, 253, 320, 327, 361, 369, 393, 394, 519, 692, 699, 724, 
729, 735, 740, 765, 814, 1000, 1074, 1075, 1084, 1085, 1186, 1443, 
1474, 1513, 1829, 2219, 2333, 2588, 2790, 2947, 2948

United States–States–Kentucky 128, 145, 146, 157, 185, 202, 206, 
228, 257, 320, 326, 361, 369, 392, 393, 394, 520, 610, 636, 646, 
654, 668, 697, 740, 764, 765, 769, 770, 864, 869, 978, 1350, 1518, 
1539, 1820, 2119, 2180, 2403, 2428, 2948

United States–States–Louisiana 128, 229, 230, 320, 341, 443, 461, 
522, 766, 1008, 1311, 1347, 1443, 1474, 1513, 1630, 1756, 1772, 
1828, 2121, 2364, 2386, 2417, 2663, 2700, 2722

United States–States–Maine 111, 121, 128, 185, 383, 1074, 1075, 
2138, 2252, 2470, 2685, 2711, 2799, 2804, 2809

United States–States–Maryland 185, 202, 227, 243, 257, 279, 377, 
431, 482, 754, 767, 873, 939, 1000, 1065, 1075, 1152, 1236, 1337, 
1338, 1365, 1401, 1411, 1422, 1445, 1479, 1491, 1498, 1508, 1515, 
1532, 1533, 1544, 1550, 1565, 1569, 1593, 1594, 1595, 1620, 1665, 
1672, 1673, 1712, 1753, 1759, 1769, 1806, 1856, 1948, 2034, 2038, 
2039, 2042, 2090, 2105, 2220, 2258, 2290, 2292, 2339, 2406, 2436, 
2463, 2519, 2545, 2554, 2556, 2561, 2593, 2605, 2817

United States–States–Massachusetts 33, 49, 55, 56, 60, 62, 68, 69, 
71, 78, 79, 92, 93, 105, 109, 115, 118, 128, 133, 137, 138, 140, 148, 
152, 174, 181, 185, 196, 200, 217, 222, 250, 257, 290, 327, 335, 
369, 382, 462, 500, 511, 516, 517, 536, 539, 692, 697, 712, 1000, 
1420, 1552, 2069, 2588, 2948

United States–States–Michigan 128, 147, 153, 168, 181, 182, 185, 
190, 192, 218, 238, 241, 335, 345, 361, 458, 460, 502, 503, 578, 
587, 593, 613, 675, 697, 706, 730, 761, 764, 875, 917, 977, 979, 
980, 1014, 1074, 1075, 1109, 1420, 1462, 1474, 1603, 1679, 1680, 
1751, 1817, 2102, 2138, 2143, 2180, 2264, 2342, 2631, 2659, 2865

United States–States–Minnesota 128, 182, 185, 257, 373, 397, 403, 
417, 592, 596, 661, 675, 683, 706, 721, 908, 930, 1018, 1056, 1084, 
1253, 1312, 1407, 1469, 1474, 1568, 1595, 1634, 1702, 1807, 1824, 
1825, 1826, 1843, 1850, 1853, 1858, 1866, 1886, 1911, 1916, 1976, 
1986, 2045, 2063, 2086, 2314, 2315, 2360, 2398, 2542, 2562, 2589, 
2692, 2727, 2740, 2869

United States–States–Mississippi 185, 234, 341, 425, 446, 530, 697, 
762, 767, 790, 800, 873, 986, 1000, 1023, 1060, 1087, 1221, 1278, 
1311, 1347, 1356, 1518, 1539, 1568, 1595, 1627, 1680, 1829, 2040, 
2152, 2262, 2286, 2417, 2435

United States–States–Missouri 60, 137, 185, 202, 253, 323, 324, 
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377, 385, 419, 494, 499, 525, 526, 591, 605, 654, 655, 658, 663, 
697, 699, 707, 711, 741, 742, 765, 790, 809, 846, 861, 866, 880, 
897, 916, 920, 933, 955, 985, 998, 999, 1000, 1040, 1057, 1070, 
1076, 1091, 1104, 1153, 1174, 1232, 1259, 1271, 1279, 1314, 1340, 
1397, 1474, 1509, 1518, 1539, 1844, 2024, 2028, 2081, 2100, 2110, 
2118, 2263, 2280, 2285, 2325, 2327, 2416, 2437, 2525, 2527, 2541, 
2546, 2579, 2608, 2692, 2758, 2794, 2865, 2942

United States–States–Montana 128, 1084, 2040

United States–States–Nebraska 185, 214, 415, 685, 735, 810, 1096, 
1180, 1376, 1852, 2036, 2181, 2331, 2334, 2451, 2907

United States–States–Nevada 128, 2608

United States–States–New Hampshire 184, 185, 487, 659

United States–States–New Jersey 131, 133, 185, 242, 245, 264, 
335, 340, 346, 351, 369, 373, 376, 399, 400, 421, 437, 447, 454, 
462, 471, 476, 507, 528, 532, 541, 556, 557, 568, 579, 622, 681, 
689, 732, 733, 750, 752, 779, 780, 906, 951, 1178, 1282, 2138, 
2588

United States–States–New Mexico 782, 783, 797, 1084

United States–States–New York 51, 52, 60, 106, 110, 115, 118, 119, 
131, 132, 152, 174, 185, 199, 202, 215, 217, 238, 270, 282, 287, 
290, 298, 321, 322, 325, 335, 351, 354, 404, 415, 430, 435, 462, 
470, 477, 604, 675, 702, 709, 730, 734, 736, 755, 777, 787, 836, 
844, 903, 919, 938, 940, 946, 956, 1000, 1009, 1014, 1065, 1111, 
1262, 1272, 1286, 1367, 1394, 1420, 1768, 1892, 1937, 2092, 2109, 
2138, 2180, 2200, 2246, 2267, 2320, 2338, 2356, 2402, 2452, 2588, 
2602, 2603, 2609, 2804, 2865

United States–States–North Carolina 38, 61, 63, 70, 128, 130, 141, 
185, 230, 237, 249, 257, 265, 304, 307, 314, 341, 348, 368, 377, 
393, 394, 407, 408, 426, 427, 445, 446, 448, 451, 452, 456, 486, 
520, 530, 533, 609, 665, 675, 676, 692, 696, 697, 740, 741, 744, 
797, 800, 826, 837, 873, 1000, 1006, 1067, 1099, 1229, 1347, 1349, 
1350, 1393, 1409, 1432, 1478, 1488, 1518, 1537, 1539, 1556, 1568, 
1572, 1575, 1619, 1781, 1828, 1829, 1867, 1902, 2033, 2182, 2227, 
2228, 2262, 2284, 2286, 2406, 2511, 2563, 2605, 2606, 2655, 2714, 
2747, 2948

United States–States–North Dakota 475, 735, 967, 2027, 2757

United States–States–Ohio 124, 126, 149, 154, 185, 230, 236, 248, 
250, 262, 278, 321, 327, 328, 329, 347, 359, 361, 373, 375, 377, 
393, 394, 402, 405, 406, 417, 438, 439, 444, 446, 466, 472, 489, 
497, 513, 515, 531, 555, 559, 561, 563, 567, 575, 576, 578, 599, 
603, 606, 610, 613, 619, 623, 625, 626, 634, 635, 643, 646, 647, 
677, 697, 706, 710, 714, 735, 740, 751, 764, 765, 767, 768, 795, 
859, 860, 898, 908, 933, 955, 1000, 1004, 1014, 1028, 1029, 1042, 
1058, 1063, 1088, 1123, 1138, 1179, 1188, 1196, 1214, 1220, 1232, 
1251, 1274, 1283, 1298, 1305, 1314, 1340, 1403, 1446, 1460, 1474, 
1546, 1547, 1674, 1679, 1705, 1715, 1747, 1748, 1822, 1848, 1949, 
1991, 2017, 2035, 2071, 2074, 2080, 2095, 2097, 2180, 2288, 2488, 
2659, 2692, 2732, 2760, 2833, 2928, 2947, 2948, 3000

United States–States–Oklahoma 134, 185, 198, 229, 320, 520, 816, 

953, 1030, 1066, 1229, 1311, 1357, 2513, 2530

United States–States–Oregon 185, 233, 506, 1084, 1523, 1601, 
1606, 1613, 1621, 1644, 1678, 1686, 1860, 1888, 1945, 2037, 2044, 
2103, 2128, 2138, 2156, 2263, 2757, 2799, 2819, 2837

United States–States–Pennsylvania 128, 132, 137, 153, 160, 185, 
195, 202, 215, 274, 297, 335, 343, 355, 361, 389, 405, 406, 462, 
473, 496, 559, 578, 597, 641, 697, 767, 1510, 1527, 1528, 1937, 
2138, 2456, 2591, 2605

United States–States–Rhode Island 60, 128, 156, 185, 310, 335, 
350, 697

United States–States–South Carolina 27, 60, 68, 82, 128, 185, 303, 
304, 341, 368, 676, 767, 1084, 1229, 1600, 1816, 1911, 2180, 2262, 
2327

United States–States–South Dakota 128, 185, 530, 635, 637, 654, 
705, 735, 782, 783, 2138

United States–States–Tennessee 104, 128, 135, 185, 228, 257, 292, 
320, 333, 343, 370, 377, 379, 393, 394, 408, 420, 421, 446, 572, 
697, 740, 837, 890, 898, 1236, 1290, 1311, 1347, 1439, 1466, 1781, 
2164, 2176, 2177, 2209, 2286, 2375, 2403, 2406, 2538, 2588, 2627, 
2644, 2733, 2843

United States–States–Texas 185, 204, 527, 545, 735, 1084, 1267, 
1442, 1743, 1761, 1772, 1831, 1832, 2115, 2147, 2159, 2210

United States–States–Utah 128, 162, 262, 1115

United States–States–Vermont 185, 495, 2138, 2252

United States–States–Virginia 60, 115, 128, 152, 159, 185, 202, 
225, 228, 230, 237, 243, 249, 250, 255, 257, 260, 261, 303, 309, 
313, 335, 377, 393, 394, 420, 421, 446, 530, 697, 717, 719, 725, 
740, 747, 764, 767, 768, 774, 826, 873, 1074, 1075, 1193, 1203, 
1230, 1234, 1347, 1474, 1518, 1532, 1539, 1543, 2262, 2655, 2739, 
2937

United States–States–Washington state 128, 185, 233, 296, 534, 
675, 1084, 1235, 1241, 2008, 2757, 2795, 2799

United States–States–West Virginia 185, 361, 377, 417, 571, 638, 
747, 896, 1000, 1065, 2948

United States–States–Wisconsin 168, 182, 185, 205, 220, 224, 226, 
235, 264, 311, 324, 335, 356, 372, 373, 388, 435, 462, 465, 469, 
470, 490, 518, 542, 553, 558, 569, 573, 581, 582, 587, 590, 595, 
596, 598, 613, 616, 618, 621, 624, 630, 632, 648, 653, 654, 664, 
671, 672, 675, 684, 687, 692, 697, 700, 704, 706, 722, 726, 727, 
749, 753, 756, 757, 759, 760, 764, 765, 766, 768, 788, 790, 794, 
797, 815, 817, 828, 835, 845, 858, 873, 892, 912, 958, 964, 965, 
969, 989, 996, 1000, 1021, 1022, 1028, 1029, 1031, 1033, 1036, 
1037, 1038, 1045, 1046, 1050, 1051, 1062, 1068, 1074, 1084, 1086, 
1091, 1093, 1095, 1103, 1110, 1111, 1125, 1128, 1133, 1139, 1147, 
1148, 1212, 1218, 1224, 1226, 1232, 1255, 1260, 1285, 1297, 1313, 
1328, 1331, 1335, 1375, 1377, 1392, 1405, 1412, 1434, 1437, 1473, 
1504, 1506, 1552, 1567, 1586, 1704, 1720, 1849, 1914, 1934, 1994, 
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2021, 2030, 2087, 2101, 2107, 2111, 2170, 2180, 2199, 2226, 2240, 
2261, 2263, 2271, 2395, 2506, 2612, 2660, 2744, 2759, 2790, 2831, 
2873, 2941

United States–States–Wyoming 128

Upjohn, Inc. Named Pharmacia & Upjohn since 2 Nov. 1995 2457

Urbana Laboratories (Urbana, Illinois), Maker of Legume 
Inoculants. Founded by Albert Lemuel Whiting in 1919 358, 414, 
488, 722, 761, 788, 817, 858, 875, 878, 879, 954, 966, 971, 992, 
1025, 1028, 1029, 1064, 1094, 1126, 1129, 1187, 1227, 1287, 1306, 
1403, 1436, 1443, 1513, 1526, 1552, 1553, 1554, 1555, 1557, 1800, 
1883

Urease. See Enzymes in the Soybean–Urease and Its Inactivation

U.S. Regional Soybean Industrial Products Laboratory (Urbana, 
Illinois). Founded April 1936. Analytical Section Merged into 
Northern Regional Research Lab. (Peoria) 1 July 1942 1066, 1099, 
1253, 1290, 1296, 1297, 1301, 1311, 1351, 1366, 1401, 1477, 1497, 
1518, 1533, 1539, 1541, 1738, 1781, 1827, 1911, 2263, 2373

USA. See United States of America

USA–Food uses of soybeans, early. See Historical–Documents 
about Food Uses of Soybeans (or recipes) in the USA before 1900

USDA. See United States Department of Agriculture

USDA National Agricultural Library (NAL, Beltsville, Maryland). 
See National Agricultural Library (NAL, Beltsville, Maryland)

USSR. See Europe, Eastern–USSR

Van Gundy, Dorothea. See Seventh-day Adventists–Cookbooks and 
Their Authors

Vanaspati (Vegetable Shortening, Vegetable Ghee, or Vanaspati 
Ghee) 1813, 2293

Varieties of soybeans–Earliest document seen... See Historical–
Earliest Document Seen

Varieties, soybean. See Soybean Varieties, Soybean Varieties USA–
Large-Seeded Vegetable-Type, Soybean Varieties USA–Special 
High Protein

Varieties, soybean–Chinese. See Chinese Soybean Types and 
Varieties

Varieties, soybean–European Chinese. See European Soybean Types 
and Varieties

Varieties, soybean–Japanese. See Japanese Soybean Types and 
Varieties

Variety Development and Breeding of Soybeans (General, 
Including Varieties and Seeds) 275, 295, 305, 318, 321, 332, 336, 
384, 388, 393, 394, 407, 469, 473, 478, 481, 486, 499, 506, 517, 

518, 519, 523, 527, 530, 535, 542, 544, 592, 603, 652, 656, 657, 
676, 706, 716, 740, 741, 764, 765, 791, 796, 797, 826, 835, 838, 
851, 871, 885, 896, 918, 950, 960, 980, 995, 1003, 1006, 1037, 
1038, 1039, 1067, 1083, 1085, 1090, 1099, 1105, 1107, 1109, 1127, 
1159, 1182, 1186, 1213, 1223, 1238, 1248, 1263, 1268, 1290, 1291, 
1318, 1320, 1322, 1338, 1340, 1350, 1351, 1364, 1365, 1373, 1417, 
1421, 1456, 1469, 1475, 1487, 1517, 1568, 1609, 1619, 1620, 1622, 
1627, 1632, 1637, 1663, 1669, 1671, 1695, 1696, 1732, 1738, 1752, 
1770, 1789, 1795, 1796, 1808, 1813, 1835, 1868, 1882, 1930, 1938, 
1942, 1946, 1959, 1970, 1977, 1980, 1985, 1998, 2005, 2018, 2064, 
2065, 2076, 2077, 2123, 2141, 2162, 2194, 2195, 2212, 2227, 2236, 
2262, 2264, 2270, 2275, 2284, 2286, 2291, 2330, 2336, 2337, 2342, 
2350, 2382, 2383, 2394, 2396, 2399, 2406, 2420, 2467, 2476, 2490, 
2495, 2500, 2501, 2503, 2505, 2514, 2518, 2539, 2549, 2556, 2671, 
2682, 2714, 2715, 2747, 2756, 2849

Variety Development, Breeding, Selection, Evaluation, Growing, or 
Handling of Soybeans for Food Uses 2357

Variety development of soybeans. See Breeding of Soybeans and 
Classical Genetics, Germplasm Collections and Resources, and 
Gene Banks, Introduction of Soybeans (as to a Nation, State, or 
Region, with P.I. Numbers for the USA) and Selection, Irradiation 
of Soybeans for Breeding and Variety Development

Variety names / nomenclature–standardization. See Nomenclature 
of Soybean Varieties–Standardization of

Variety names of early U.S. soybeans. See Lists and Descriptions 
(Offi cial) of Early U.S. Soybean Varieties with Their P.I. Numbers 
and Synonyms

Veganism. See Vegetarianism–Veganism

Vegetable soybeans. See Green Vegetable Soybeans

Vegetable-type or edible soybeans. See Green Vegetable Soybeans–
Large-Seeded Vegetable-Type or Edible Soybeans, General 
Information About, Not Including Use As Green Vegetable 
Soybeans

Vegetable-type soybeans. See Green Vegetable Soybeans–
Vegetable-Type, Garden-Type, or Edible or Food-Grade Soybeans

Vegetarian and Vegan Diets–Nutrition / Nutritional Aspects–
Children and Teenagers 1420

Vegetarian Diets–Medical Aspects–Cancer 2605

Vegetarian Diets–Medical Aspects–Diabetes and Diabetic Diets 339

Vegetarian Diets–Nutrition / Nutritional Aspects–Vitamins 1290

Vegetarian pioneers. See Gandhi, Mohandas K. (“Mahatma”) 
(1869-1948)

Vegetarianism–Concerning a Diet and Lifestyle Free of Flesh 
Foods, But Which May Include Dairy Products or Eggs. See also: 
Veganism 59, 219, 316, 339, 500, 1042, 1199, 1290, 1420, 2164, 
2631
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Vegetarianism–Effi ciency of Plants Much Greater Than Animals in 
Producing Food from a Given Input of Energy, Land, or Water. Also 
Called Political Economy 316, 503, 2164

Vegetarianism–Seventh-day Adventist Work with 1290, 1420

Vegetarianism, the Environment, and Ecology 1822

Vegetarianism–Veganism–Concerning a Plant-Based or Vegan 
Diet and Lifestyle Free of All Animal Products, Including Dairy 
Products, Eggs, and in Some Cases Honey and Leather 1822

Velvet Bean. Mucuna pruriens (L.) DC. Formerly: Mucuna utilis. 
Formerly called Banana Bean (Rarely) or Velvetbean 133, 159, 181, 
213, 245, 341, 393, 446, 478, 545, 546, 572, 614, 686, 737, 738, 
739, 1350, 1570

Viability and life-span of soybean seeds. See Storage of Seeds

Victory Soya Mills Ltd. (Toronto, Ontario, Canada. Started in Nov. 
1944 as Victory Mills Ltd. Named Sunsoy Products Ltd. from 1936 
to 1945. Renamed Victory Mills, Ltd. from 1945 to 1954. Owned 
by (Subsidiary of) Canadian Breweries Ltd., then by Procter & 
Gamble from 1954, then by Central Soya Co. from 1985) 1300, 
2332, 2357, 2659

Videotapes or References to Video Tapes 2567

Vigna mungo. See Black gram or urd

Vigna sesquipedalis. See Yard-Long Bean or Asparagus Bean

Vigna unguiculata or V. sinensis. See Cowpea or Black-Eyed Pea

Vilmorin-Andrieux & Co. (France). In 1975 Vilmorin joined the 
Limagrain Group (Groupe Limagrain) and is now offi cially named 
Vilmorin s.a.. 11, 250, 282, 519, 582, 657, 972, 1172, 1242, 1318

Vitamins (General) 91, 692, 853, 1002, 1044, 1097, 1204, 1290, 
1420, 1772, 2147

Vitamins in a vegetarian diet. See Vegetarian Diets–Nutrition / 
Nutritional Aspects–Vitamins

Voandzeia subterranea or Voandzou. See Bambarra groundnuts

War, Civil, USA. See Civil War in USA (1861-1865)

War Food Administration of USDA. See United States Department 
of Agriculture (USDA)–War Food Administration (WFA)

War, Russo-Japanese. See Russo-Japanese War (1904-1905)–
Soybeans and Soyfoods

War, world. See World War I–Soybeans and Soyfoods, World War 
II–Soybeans and Soyfoods

Water Use, Misuse, and Scarcity–Environmental Issues 2852

Waterproof goods or cloth. See Linoleum, Floor Coverings, 
Oilcloth, and Waterproof Goods

Websites or Information on the World Wide Web or Internet 2795

Weeds–Control and Herbicide Use 215, 236, 238, 261, 277, 320, 
382, 415, 461, 466, 521, 560, 580, 611, 621, 626, 634, 646, 691, 
696, 700, 727, 775, 838, 904, 1000, 1127, 1189, 1281, 1282, 1312, 
1332, 1351, 1365, 1385, 1386, 1391, 1407, 1425, 1454, 1461, 1462, 
1517, 1518, 1521, 1539, 1570, 1615, 1619, 1630, 1642, 1669, 1697, 
1704, 1732, 1756, 1767, 1769, 1786, 1806, 1811, 1813, 1885, 1898, 
1911, 1941, 1967, 2001, 2005, 2076, 2142, 2149, 2150, 2171, 2188, 
2189, 2192, 2200, 2227, 2228, 2244, 2264, 2266, 2283, 2308, 2332, 
2342, 2348, 2441, 2466, 2549, 2552, 2557, 2592, 2594, 2620, 2632, 
2641, 2677, 2747, 2799, 2921, 2951

Weight of soybean seeds. See Seed Weight / Size (Soybeans)–
Weight of 100 Seeds in Grams, or Number of Seeds Per Pound

Wenger International Inc. See Extruder / Extrusion Cooker 
Manufacturers–Wenger International Inc.

Western Samoa. See Oceania–Samoa

Wheat Gluten. Chinese–Pinyin: Mianjin / Mian-jin. Wade-Giles: 
Mienchin / Mien-chin 29, 34, 45, 62, 247, 317, 544, 1290, 1420

Wheat Gluten–Historical Documents Published before 1900 29, 34, 
45, 62

Whipping or foaming in soy proteins. See Soy Proteins–Isolates–
Enzyme-Modifi ed Soy Protein Isolates with Whipping / Foaming 
Properties Used to Replace Egg Albumen

White soybeans. See Soybean Seeds–White

Whiting, Albert Lemuel. See Urbana Laboratories

Whole Dry Soybeans Cooked with Plenty of Water for a Long Time 
to Make Soybean Congee or Gruel 2

Whole Dry Soybeans–Etymology of This Term and Its Cognates / 
Relatives in Various Languages 683

Whole Dry Soybeans, Ground or Mashed to a Paste After Boiling, 
or Ground Raw with Water to a Fresh Puree or Slurry (Including 
Japanese Gô) 496, 683, 940, 1199, 2513

Whole Dry Soybeans (Used Boiled but Otherwise Unprocessed as 
Food) 63, 145, 247, 285, 296, 339, 407, 461, 486, 489, 498, 500, 
534, 544, 574, 577, 589, 602, 643, 650, 656, 692, 696, 712, 811, 
865, 870, 911, 926, 936, 947, 960, 972, 1000, 1002, 1004, 1014, 
1078, 1084, 1134, 1173, 1175, 1189, 1198, 1199, 1206, 1223, 1237, 
1257, 1280, 1290, 1307, 1329, 1332, 1365, 1367, 1420, 1813, 1870, 
1931, 1937, 1966, 2010, 2116, 2124, 2228, 2357, 2420, 2514, 2530, 
2550, 2849

Whole Dry Soybeans (Used Unprocessed as Feed) 49, 650, 1000

Wiancko, Alfred Theodore (1872-1949, Purdue Univ., Indiana) 241, 
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362, 387, 466, 594, 685

Wild Annual Soybean (Glycine soja Siebold & Zuccarini, formerly 
named G. ussuriensis Regel & Maack, and G. angustifolia Miquel) 
93, 131, 250, 1365, 1521, 1684, 2330, 2445, 2619, 2733

Wild, perennial relatives of the soybean. See Neonotonia wightii

Wild, Perennial Relatives of the Soybean–Glycine Species (Glycine 
albicans, G. aphyonota, G. arenaria, G. argyrea, G. canescens, 
G. clandestina, G. curvata, G. cyrtoloba, G. falcata, G. gracei, 
G. hirticaulis, G. lactovirens, G. latifolia, G. latrobeana, G. 
montis-douglas, G. mycrophylla, G. peratosa, G. pindanica, G. G. 
rubiginosa, G. stenophita, G. syndetika, G. tabacina, G. pullenii 
tomentella) (Former Names and Synonyms Include G. sericea, and 
G. tomentosa) 428, 1384, 1408, 1560, 1908, 2271, 2445

Wild Soybeans (General) 168, 1395, 2204, 2327

Williams, Charles Burgess (1871-1947). North Carolina Soybean 
Pioneer 426, 452, 665, 826, 2262

Wilson soybean variety. See Soybean Varieties USA–Mammoth 
Yellow

Wing Seed Co. (Mechanicsburg, Champaign County, Ohio). 
Founded 1909. Including Joseph Elwyn Wing (1861-1915), Charles 
Bullard Wing (1878-1949), and David Grant Wing (1896-1984) 12, 
150, 236, 262, 320, 321, 359, 361, 405, 406, 444, 473, 485, 489, 
495, 619, 625, 751, 859, 860, 1220, 1679, 2760

Winged Bean (Psophocarpus tetragonolobus) (Also Called Four-
Angled Bean, Goa Bean, Goabean, Asparagus Bean, Asparagus 
Pea, Segidilla, Seguidilla or Seguidillas Bean, Square Podded Pea, 
Square Podded Crimson Pea, Botor tetragonoloba, Dolichos-, or 
Lotus tetragonolobus, Pois Carré, Kecipir or Ketjeper, Calamismis 
or Kalamismis) 393, 474, 737, 738, 739, 1959, 2184, 2222, 2247

Woodworth, C.M. (1888-1960, Plant Breeder, Univ. of Illinois) 654, 
741, 765, 766, 1204, 1277, 2180, 2284, 2373

Worcestershire Sauce (Soy Sauce Was the Main Ingredient before 
the 1940s). Including Lea & Perrins in England 344, 716, 960, 
1162, 1240

Worcestershire Sauce–With Soy Sauce Used as an Ingredient 344, 
960, 1162, 1240

World 305, 339, 692, 1000, 1074, 1119, 1172, 1291, 1365, 1539, 
1772, 2001, 2008, 2143, 2147, 2197, 2227, 2228, 2337, 2340, 2348, 
2435, 2441, 2557, 2747, 2852, 2862, 2928

World problems. See Hunger, Malnutrition, Famine, Food 
Shortages, and Mortality, Protein Resources and Shortages, and the 
“World Protein Crisis / Gap / Problem” of 1950-1979, Sustainable 
Development and Growth

World problems–Environmental issues & concerns. See 
Environmental Issues, Concerns, and Protection (General, Including 
Deep Ecology, Pollution of the Environment, Global Warming, etc.)

World–Soybean Production, Area and Stocks–Statistics, Trends, and 
Analyses 853, 1041, 1277, 1518, 2147, 2197, 2852

World War I–Soybeans and Soyfoods. Also known as the “First 
World War” and “The Great War” 505, 519, 525, 574, 583, 625, 
657, 708, 712, 765, 960, 1019, 1044, 1074, 2258, 2760

World War II–Soybeans and Soyfoods. Also Called the “Second 
World War” 986, 1023, 1156, 1175, 1186, 1194, 1196, 1198, 1221, 
1227, 1230, 1236, 1237, 1240, 1246, 1250, 1251, 1254, 1257, 1258, 
1269, 1289, 1290, 1320, 1325, 1355, 1745, 1911, 2180, 2209, 2258, 
2357, 2418, 2473, 2833, 2852

Worthington Foods, Inc. (Worthington, Ohio). Including Battle 
Creek Foods (Michigan) from 1960, and Madison Foods 
(Tennessee) from 1964. A subsidiary of Miles Laboratories from 
March 1970 to Oct. 1982. Including Loma Linda Foods from Jan. 
1990 1474

Yamei Kin (1864-1934). First Chinese Woman to Take a Medical 
Degree in the United States. Also Miss Y. May Kin and Mrs. Kin 
Eca da Silva 540, 1338, 2258

Yard-Long Bean or Asparagus Bean–Vigna sesquipedalis (L.) 
Fruw.. 384

Yellow soybeans. See Soybean Seeds–Yellow

Yield Statistics, Soybean 29, 34, 45, 48, 49, 55, 56, 68, 78, 82, 90, 
93, 103, 112, 115, 118, 122, 123, 124, 126, 132, 133, 135, 137, 138, 
145, 151, 152, 153, 154, 168, 174, 182, 192, 194, 202, 205, 213, 
220, 225, 234, 236, 239, 246, 275, 285, 296, 297, 305, 306, 307, 
312, 315, 316, 318, 321, 327, 332, 338, 339, 341, 344, 359, 365, 
370, 380, 383, 393, 394, 398, 402, 405, 406, 410, 415, 416, 417, 
425, 434, 446, 447, 454, 456, 458, 462, 463, 473, 475, 480, 484, 
485, 487, 489, 491, 492, 495, 500, 503, 506, 519, 520, 531, 532, 
534, 535, 538, 550, 555, 568, 569, 577, 578, 579, 580, 592, 593, 
594, 598, 607, 608, 610, 612, 613, 622, 635, 645, 646, 648, 667, 
689, 690, 692, 708, 713, 725, 737, 738, 739, 740, 747, 753, 780, 
786, 797, 799, 803, 822, 823, 829, 842, 847, 860, 886, 896, 910, 
913, 918, 933, 936, 947, 948, 950, 951, 955, 979, 980, 994, 1000, 
1002, 1004, 1008, 1009, 1037, 1038, 1081, 1083, 1084, 1085, 1086, 
1092, 1100, 1106, 1115, 1127, 1142, 1173, 1182, 1183, 1186, 1189, 
1223, 1240, 1246, 1263, 1268, 1280, 1288, 1296, 1302, 1305, 1307, 
1308, 1320, 1334, 1340, 1364, 1383, 1385, 1387, 1389, 1417, 1421, 
1426, 1427, 1431, 1453, 1454, 1456, 1462, 1469, 1475, 1480, 1486, 
1487, 1493, 1525, 1535, 1564, 1570, 1590, 1610, 1615, 1618, 1630, 
1642, 1649, 1654, 1658, 1662, 1663, 1669, 1676, 1694, 1695, 1717, 
1718, 1721, 1730, 1745, 1753, 1787, 1789, 1829, 1863, 1880, 1890, 
1891, 1925, 1927, 1932, 1933, 1938, 1970, 1972, 1974, 1977, 1980, 
1998, 2010, 2011, 2065, 2077, 2112, 2123, 2124, 2141, 2162, 2195, 
2229, 2236, 2250, 2266, 2268, 2270, 2283, 2293, 2297, 2299, 2302, 
2315, 2330, 2357, 2365, 2388, 2396, 2399, 2411, 2413, 2426, 2457, 
2473, 2475, 2476, 2479, 2482, 2500, 2501, 2505, 2508, 2514, 2549, 
2555, 2557, 2577, 2607, 2638, 2641, 2643, 2668, 2720, 2785, 2852, 
2873, 2907

Yogurt, soy. See Soy Yogurt
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Yuba–Dried Yuba Sticks or Rolls, and Sweet Dried Yuba–Chinese-
Style. In Chinese (Mandarin): Fuzhu (pinyin; zhu = “bamboo”). Fu 
Chu (Wade-Giles). In Cantonese Chinese Foo Jook / Fu Jook / Joke 
or Tiem Jook / Tim Jook / Tiem Joke. Also: Bean Curd Sticks, Bean 
Curd Bamboo 1199

Yuba–Etymology of This Term and Its Cognates / Relatives in 
Various Languages 296

Yuba (The Film That Forms Atop Soymilk When It Is Heated). In 
Chinese (Mandarin): Doufu Pi (“Tofu Skin”) or Doufu Yi (“Tofu 
Robes,” pinyin), Toufu P’i or Toufu I (Wade-Giles). English-
Language Chinese Cookbooks and Restaurants: “Bean Curd Skin” 
295, 296, 318, 534, 692, 697, 716, 1000, 1041, 1199, 1367, 1420, 
1772, 1937, 2116, 2147, 2651, 2695, 2753

Yugoslavia. See Europe, Eastern–Serbia and Montenegro

Zaire. See Africa–Congo (formerly Zaire). Offi cially Democratic 
Republic of the Congo. Also known as Congo-Kinshasa

Zavitz, Charles Ambrose (1863-1942) of Ontario Agricultural 
College, Canada 2357, 2659, 2790, 2833

Zea mays. See Corn / Maize
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